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When €, and g, is knowq €, can be found.
& = 81-]'(8"81)1' oncconooaoo‘ooo(6.22)

Case 2. Joint completely under compression (Fig.6.20b)

€2 = F
&
11 . .
81 = 1 1 (l=1--ool) or
E ) .
- ~11 . .
81 = 1 1 (l=1>ooool)oooo-ovoooo(6¢23)

Z:'a from (6.22)

/
b) Failure starts at inner face:

Case 3., Joint completely under compression (Fig.6.20c)

In this case & = ?11
€
-52 = 122 i (i = l baad 1, e & o O)o ¢ o o s & o e o (6024) ’

€, from (6.22)

Gase 4. Joint partly under zero stress at outer side (Fig.6.20d)

1 11
If §2 is absolute value
An
> = h - oA € ih ol €
2 T T naA 1 7 A 1
Y
52 = (l—m/l’l)_s-l (n::m—-"l,....1)....-.(6;25)

€, from (6.22)
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6.11.6 Variations of strain distribution when 822 is maximum and 811

is minimum
a) Failure starts at outer face:
Case 1, Joint partly under zero stress at inner side (Fig.6.21a)

Here again Eb = E§2
El from (6.21)

Ea 'from (6.22)

During this process if .Ea exceedsEaa calculations continue as
degcribed in case 1A and then in case 1B.. Otherwise case 2 is the normal -

~

continuation of calculations,

Case 2, Joint completely under compression (Fig.6.21b)
2 = &
El from (6.23)

Ea from (6.22)

If Saa exceeded, calculations are continued as described in case 2A

otherwise as in case 3,

b) Failure starts at in-situ floor interface

Case 1A Joint partly under zero stress at inner side (Fig.6.21c)

In these cases € = g |,
a aa

Since during the process of changing 81, Ea may not take the exact

' .
value of Saa’ & which corresponds 822 and Eaa must be calculated.
88. - 821'
From equation (6.22) & = - hence
: € ~§&,,T -
- a 22
E:!L = -——T—-—_-Il'——_ ® 8 e e o e & * o 2 e » s e & @ (6.26)
If x, is the value of x when g = gl
1 1
€ -
= - h or if = = x
~ 1
1 Epp = ] h 1
Ei .
Xl = - L] * * L] . L . L4 * - L L * L2 L] L] (6.27)



x
In Xl there are k = Zl divisions,
x X
1 1 _ -
k=TT R T ™

Thus variation of El continues in this remaining k division.

z DA
1 7 a-nA a

g = - ;r:~é75 €, (M=% o' oO)eveuwiiuoaa (6.28)

ol

or

€ corresponding 81 is
€ -~ & (1-1)
-8-2 = 2 rl ¢« o o ¢ & 3 e o @ n' LI ] LI } L (6029)

Case 1B. Joint completely under compression (Fig.6.21d)

8& = 833.

E& from (6.23)

Eé from (é.29)

After completing this case, case 3 calculations start,

Case 2A, Joint completely under compression (Fig.6.2le)

By 7 €aa

For similar reasons to those in case 14,

Ea is calculated from (6.26)

The number of variations already completed in case 2 is

4
k = —2—1 hence
1
—E?l= illi (i=k+1’nt¢cl) ono--00¢(6050)

ol -

from (6.29)
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b) Failure starts at inner face

Case 3. Joint completely under compression (Fig.6.21f)

& = &

To apply a regular variation in €, a k vwvalue must be obtained

here again.

—

£ last &
11 2
If Ae = 9 k = = hence
€
— 22 L
82 = l i (l = k, » e ¢ @ O) e 8 & o o o o s o (6.31)

E, from (6.22)

Case 4. Joint partly under zero stress al outer side (Fig.é.Zlg)
g = &y
€, from (5.25)

€, from (6.22) -

-

6.,11,7 . Variations of strain distributions when €y is maximum and €95

is minimum,
a) Failure starts at outer face

Cage 1, Joint partly under zero étress at inner side (Fog.6.22a)

€5

=

€20
El from (6.21)

Eé from (6.22)

Case 2. Joint completely under compression (Fig,6.22b)

€y = Epo

155



156

During the variation maximum value of g; will be Epp but unit

strain is chosen as —gf of €11 that is,

€ €.
11 22
= d k =
ae 1 AE
eventually -
- E11 . .. ¢
€-1= ll (l=1,ooqok)o¢----o(.32)

Ea from (6,22)

b) Failure starts at in-situ floor interface
Case 3, Joint completely under compression (Fig. 6.22¢)

In this case in the strain distribution Eé can have Eéz as it s
maximum value since in-situ concrete zone failure starts at that point.
thus,

€ = &2
T, from (6.30)

B, from (6,29)

After completing this case, if 32 falls into negative zone,

\

calculations are continued as described in case 5A.

¢) Failure starts at inner face

Case 4, Joint completely under compression (Fig.6.22d)

& = &3
€50 last '52
AE = k = me—————

1 Ag
€, from (6.31)
g, from (6422)

Case 5. Joint partly under zero stress at outer side (Fig.6.22e)

Ell
from (6+25)

&

&2
Ea from (6.22)
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Case 5A. Joint partly under zero stress at outer side (Fig.6.22f)

This case is involved only if last E% calculated in case 3 is a

negative value.

& = &1

If x, is the value of x corresponding last Eb during case 3

calculations: )
X - €1
__:_]__ = xl = -.—_-—':——:_—'
n 8.7 &

In Xy there are k = El m divisions, thus

T, = (-nvm)%E (m = k=1, 00.01)e... (6.33)

Eé from (6.22)

6.,11,8 Variation of strain distribution when only in-situ carries the load

Case 1, In-situ completely under compression (Fig.6.23a)

€ = 822

€, from (6.24) .
To identify this case for later use El is given a value bigger than

1, say Ei = 2

Case 2, In-situ partly under zero stress at outer side (Fig.6.23b)

Sa = 822
_ h-~-a2a 1~
k = 7 = WHT hence
k = m{1~1)
If g, is absolute value

h ~-g~mnaA .
& - LA g-na _ - r - n/m
©2 2 A e, - L=Zzpl
n/m + r - % _ _ '
5 = —Z;—E7E-—— g, (n = k=1, ... 1) v e s o (6.34)

2

ol
i

mi
]
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Case 1. Floor partly under zerc stress at inner side (Fig.2.24a)

&, % €aa
a

k = & or k - mr
A

If 51 is absolute value

n A n/m
&1 % "F-ms % T~ Eﬁ:££75 éa hence
A . NN RIS P ) I P

= 2

]

2

Case 2. Floor completely under compression (Fig.6.24b)

€ =

a Saa
El = from (6.23)
€ = 2

2 -

6,11.10 Special case r = 1

Joints without any in-situ concrete i.e. with full penetration of floor
are péésiﬁie’and already used by some systems. This type of Jjoint can

be treated as a special case of joints studied here.
a) Failure starts at outer face.

Case 1. Joint partly under zero stress at the end of the floor (Fig.6.25a)

a T Caa
g - AL E o= w, ... 0) ... (6.36)
S
Case 2.. Joint completely under compression (Fig.6.25b)
?% = E%a

Ei from (6023)
E = 2
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b) Failure starts at inner face

Case 3 - Joint completely under compression (Fig.6.25¢)

& = &
E, = = i i = ;—1,...0).....(6.37)
T, = 2

Case 4. Joint partly under zero stress at outer side (Fig.6.25d)

€

ol
i

1 11 .
Ea‘ = (1 -"m/n.) El (n = m e 1,, e o o 1)0 e ¢ o 0(6038)

6.12 o ,8 VALUES FOR ASSUMED STRAIN DISTRIBUTIONS

o, and ﬁz formulae were taken from A.K. de Groot and A.C. Van RieI((10)
and signs and € values were replaced with those used here where necessary.

6.12,1. 0 < ‘52 £ 2 E <0 €<0 (Fig.6.263)

a 1
- 1 = 2 » ‘
az = 82(1""382)"?;7_-5—'.0---.-...0.(6.39)
a
“ = 0
4o % 5 .
2 2
B = 0¢5 "_'-":'_—f '-_—_::-- ® & & 5 6 6 e a2 s s (6.4—0)
2 12 - 4 €, €, aa
B = O
6.12.2. o<§2 £ 2 Ea>o Elso (Fig.6.26b)
' - = 1,2 = = | =2
0, = (& + sa) -3 ( Byt BBt B etk .(6.41)
oy from equation (6.13)

(g, - P2~ & - %)

- 2
Bo 12 o,

e e e e e e e e .. (6.42)

p, from equation (6.14)

6.12.3. 0 S &, # 2 g, >0 “'g'l' > 0 (Fig.6.26c)
@y = Tyt E -+ (T4 E,E 4 F
2 2 a 3 2 2 a,+ a,)’ L (6-43)
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ay from equation (6.,10)

%, - £)@2-%, - E)
BZ =‘(2 ?:20‘22 aoooo-oac‘a(6o44)

B, from equation (6.11)

¢ 5.4, € <0 g, >0 0< E#2 (Fig.6.264)
CRCE S N ' (6.45)
(XZ = ga 3 2, s = P ¢ ¢ ¢ & o & o @ o . .
a T2 )
*1 from equation (6.10)
€ €
- —A-_a ___ "a
B2 12 — 4 Ea "é-a . 82 005 L L d . . * . Ll * (6046)
. g, from equation (6,11) .
6.12.5. EZ< 0 Ea < 0 E:'1> 0 (Fig. 6.26e)
% = 0
a; from equation (6.16)
Bz = 0
By, from equation (6.17)
6.12.6, Ez 20 'E-:‘a >0 ‘é‘l = 2 (PFig.6,26F)

Ei = 2 identifies cases where in-gitu only carries the load,
ay from equation (6.41)
0.1 = 0

B, from equation (6.42)

Bl = 0
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g, <0 g, >0 g, = 2 (Fig.6.26g)

)
%

By

from equation (6.45)
= 0

from equation (6.46)

%

Py

from equation (6.13)
= 0

from guation (6.14)

e, = 2 & >0 g, > 0 (Fig.6.26i)

%
8,

By

from equation (6.10)

from equation (6.11)

6.13 TOTAL FORCE, MOMENT AND ECCENTRICITY CALCULATIONS

If the total force carried by joint is Nu and the moment of this

force about the central axis is M, referring to Fig,6.27.

u

M

= Nl + N2

= Ne
u

Separately calculated N, and N, are

Ny

1 2

= oy baf, N, = m21<>(n-a)fé



Ags egrlier mentioned

N
u

a = TR hence
w P
o b(h ~ a)fj + oy ba £
bhU
W

a2(1~r)J+ cx,lrF
Moment about I-I axis is:

Moo= N5, + N5

he~a ’ a
Nz(h -t e2) + Ny (2 + el)

h " a ’ a
N, (§-+v§ + e2) + Ny (2 + el)

It

On the other hahd:

Nu h

no ..
Mi = Nu (§'+ e) = 5 + Nu e
N_.h
- + M hence
2
Nﬁ_h
=% -—=
h. . a: ' 2 h h
= N, (2 + 5+ 92) + ) (2 + el) - (Nl >+ N, 5

a A a h
= N, (2 + e2) + Ny (2 -5t el)
To put this equation into dimentionless form:

a . 5 h
o, b(h - a)ij(—i +e,) + agba £, (F-F+ )

2
bh U bh UW

If notation used for this ratio is 'mom':

. - P ’ L
: r 2 r 1 e
mom = o (L~x)J (2 + T )+ oy T F (2 -5+ h)

162
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Since e, = B, (h - a) and e = By a

mom = az(l-r)J[§+ B, (1—r)]¥é 0P E - 5 + p; 1)
coooco-oc-o(6.48)

Eccentricity as a ratio is:

2
~1v_r_/1oh U,

-
n = B = N /oh U_

6,14 COMPARISON OF TEST RESULTS WITH CALCULATED VALUES,

Ultimate carrying capacity of the 22 specimens are calculated by
proposed method in this chapter. Actual results and calculated values
are shown in Table 6.2,

Seven tests carried out by Ward (6) are shown in Table 6.3. In this
Table actual test results and calculated values for each test are given.

Calculated and observed values of all these tests are plotted in f
Fig.6.28,

From Fig.6.28 it can be seen that calculated values are within
reasonable limits., Only five points lie outside 15% limits. One of these
points could not be shown on the figure since the test result was un-
expectedly high., This specimen is W6.

Sakthikumar (2) used principally the same type of joints in his
experiments. Although the object of his work was to study the stability
problems of panel constructions, his test results could be used to demon-—
strate the reliability of proposed calculation method.

In Table 6.4 test results of his experiments and calculated joint
strengths were given,

Bccentricity values given in Table 6,1 are not strictly true., In
addition to the unavoidable mistakes made in the application of original
eccentricity some errors may have been committed in the estimation of
eventual eccentricities , for these values were extrapolated from additional ‘

eccentricities measured during the last few stages of loading.



TABIE 6.2

TEST RESULTS AND CALCULATED VALUES.

TEST RESULTS CALLTIAED  REMARKS
Sgg? ?Zifii: o = n Si;:;"Of “n- * Position of
stress Uw tricity 5 failure
N/mm2 e/h N/mmS
1 14,86 0.308 | 40.207 | 15.43 | 0.320| In-situ concrete
> | 14.86 | 0.338 | 40,194 | 16,57 | 0.377 " "
ot | 21,23 0,448 | -0.179 | 20,96 | 0,443| TUpper wall
3 12,10 0.255 +0,193 14.31 0,302 In-situ concrete
3t | 21,23 0,522 | =0.175 | 17.82 | 0.396| Botbom Wall
4 16.52 04359 +0.198 17.45 0.379| In-situ concrete
5 18.45 0.384 | +0.193 18.89 0.393 " "
6 | 16.62 | 0.358 | 40,187 | 17.64 | 0.380| In-situ, dry-pack
upper wall
7 12.23 0.264 | +0.20L | 12.82 | 0,277| In-situ concrete
8 21.23 0.450 | -0,178 | 22.9% | 0.486| Both walls
9 12.46 0.25% | +0.197 | 12,27 | 0,249| In-situ and
dry-pack
10 | 16.98 | 0.373 | +0.187 | 18.55 | 0.408| As T6
12 | 15.29 0.336 | +0.198 | 17,96 | 0.395| In-situ and both
walls
13 14,12 0.311 +0,201 17.41 0.384] In-situ concrete’
14 20.91 0.420 | 40,196 | 20.48 | 0.411 n "
15 19,11 0.399 | +0,155 | 20.85 | 0.4%5| As T2
16 22.99 0.461 | -0.144 | 22.36 | 0,448| Bottom wall
17 17.01 0,368 | -0.175 | 18.96 | 0.410 wooom
18 19,01 0.402 +0.215 18,99 0,399 In-situ concrete
19 19.06 0.393 | +0.220 | 18,57 | 0.383 " "
20 18.55 0.388 | 40,243 | 17.87 | 0.373 " "
21 | 16.07 | 0.840 | +0.013 | 15.92 | 0.832] As T12

164



Test Results gziiziated
ggfo. % o e % o
/o o N/
1 21,23 0.445 40,164 19,16 0.402
2 21.23 | 0.445 +0.164 19,78 0.415
3 14,86 0,318 +0,164 16,26 0.348
4 20.55 | 0.440 | +0.164 | 18.22 | 0.390
5 16.68 | 0.381 | +0.164 | 16.46 | 0.376
6 39.77 0,930 0 30.0% 0,702
7 23,35 0.499 “-0,164 20,88 0,447

TABIE 6,4 TEST

RESULT (2) AND CALCULATED VALUES.
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Test Results Calculated Remarks
Values

Spec. % o e %, o Position of

~ Wall end

Al 20,61 0.525 ~0,05”0 27,50 0.700 (Premature
failure)

A2 24,91 0,561 0 36,28 0.817 Wall end
(Premature
failure)

A3 20,61 0.465 -0,100 26,21 «592 Mid section of

) wall
A4 12,88 0,243 -0,230 20.21 0.393 Instability
. failure,

A6 16.08 0,361 ~0,170 20.99 0.471 - ditto =

AT 28.37 0,623 +0,080 29.64 0.651 Joint

A8 15.17 0,301 +0.050 28,04 0.556 Midsection of

. wall
Bl 18.00 0.391 -0,150 23,28 0.506 Instability
. failure,

B2 16,25 0,340 ~0,180 21.48 0.460 Nﬁdlsection of
wa

B3 16.73 0.357 -0.185 21,29 0.454 Instability

. . . failure .

B4 - 20,24 0.425 . =0,050 - | - 31,04 - | - 0.650 |- - Mortar




6.15 FLOY DIAGRAM OF THE CCMPUTER PROGRAMME

)tos

MAIN ROUTINE

(sTART )

ER
\READ AND WRITE DATA/

. Vi
CAICULATE THE VALUES
OF WyJ,2 and F?

N

CAIGULAE“EE‘? N eaa
and € 11

COMPARS and FIID THE
MAX. and MIN. of €

€ and €
aa 1

1

IS r=1.0

166

IS € MAX.
a3 B

>[ CALL CASEL :

'Jl CALL CASE1 [———-

CALL CASE

4

S CAIL ChSEz)

CALL INCASE

e oynoe s 4 %
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SUBROUTINE CASE1
This subroutine evolves strain distributions for the cases where Eaa is

meximim and Ea1 is minimum.

DETERMINE ‘51 and CALCU~-
LATE CORRESPONDING 'éa

| caLr conp

\
CONTINUE UNTIL THE
1.OCP I8 SATISFIED

&, =L

11

\

DETERMINE ‘éa and CLICU-

LATE CORRESPOMDING E:'a

CALL COMP

CORTIRUE UNTIL THE
LOCP IS SATISFIED

‘ RETURH ‘
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SUBROUTIRE CASE2
Tris subroutine evolves strain distributions for the eases where‘g22 is

maximum and E,” is minimum.

DETERMINE 'é:'1 and CAICUw
LATE CORRESPONDING 'éa

ol
1
o}

DETERMINE 2-'1 and CALCU-

LATE CORRESPONDIKG '52

CONTIIUE UNTIL THE » CALL COMP
LOCP IS SATISFIED

— CONTIIUE UNTIL TEE
€1=811 LOC0p IS SATISFIED

DETERMINE EZ and CALCU=
LATE CCGRRESPONDING 'é‘a

4 A
LCALL COMP

\

CONTINUE UITIL THE
LOCP IS SATISFIED

RETUR
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SUBROUTINE CASE3

This subroutine eyolves strain distributions for the cases where Eaa is

maximum and 622 is minimum,.
(ENTER)

22

DETERMINE 231 and CALCU=
LATE CORRESPONDING 'Ea

l

CALL COMP

A
CONTINUE UNTIL THE
LOOP IS SATISFIED

N A
€a=822

\ 1
DETERMING ‘51 and CAICU- .

LATE CORRESPONDING '.'52

')

l CALL COMp

\'
CCNTINUE UNTIL TiiE
LOCP IS SATISFIED

.
s

\

DETERMINE Ez and CAICU-

LATE CORRESPONDING "é'a

v
CALL COMP
CONTINUE UNTIL TIE .
LOCP IS SATISFIED
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~

o

SUBROUTINE CASE4 ‘
This subroutine evolves strain distributions for the cases where r=1.0 i.e _

floor is'fully penetrated into ths‘joint. : -

ENTER

o
® i
]
™
o™

ul!
)

]

n

.

O

P
H

CHANGE "5'1

CaLlL CCHP

Vi
CONTINUE UNTIL THE
LOOP IS SATISFIED

o

&1 &4

CHANGE €

as POSITIVE

' | CALL COMP ]

CONTINUE UNTIL THE
1OCP IS SATISFIED

82:~2.0

CEANGE Ea
as NEGATIVE

ICALL cap

. CONTINLUE UNTIL Ti®
I0CP IS SATISFIED

y
RETURN



SUBROUTINE INCASEH _
This subroutine evolves strain dist;ibqtions for checking the load carrying

capacity of the inesitu or floor concretes when the joint starts to fail in’
weaker adjacent part.

(ENTER)

In4ysitu

E1= 2.0

Eaz 622

P

CHAN

8
ol

CALL COMP

/
CONTINUE UNTIL THE
I00P I5 SATISFIED

CALL coMp

/
CONTINUE UNTIL THE
LOOP IS SATISFIFED

RETURN

171 7.
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SUBROUTINE COMP

This subroutine calculates and writes the-o , mom and P values.

ENTER

v
w=F!/F

v -
#
CnLCULP\TE G.2 ,32 10(.1

and B, by CHECKING

the VALUES of 'éi, .
L

Sa and 82

\
CAICULATE ¢ and mom

WRITE w.mom and 8

RETURN
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< 2" DEGREE PARABOLA

!
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| e
Ey

FIG.6.1 ASSUMED STRESS-STRAIN

¢CURVE OF CONCRETE

F1G.6.2 VARIATION OF STRESS-STRAIN

173

CURVES IN FLOOR CONCRETE
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N
ljmux ,l, | Y ' '
I chjn\'I_Cmin
A h L

1 1

c N A=cross section darea
n77A

FI1G.6.3 MAXIMUM COMPRESSIVE STRESS
IN LINEAR STRESS DISTRIBUTION



VALUES

K

1.2

1.1

1.0

0.9

0.8

0.7

0.6

0.5

!
I
|
|
o Kj=1.1

|

0 K;=1.03

b 2zl

|~ 9 o)
[
I
|
o1
!
00 |
|
Kj=0.8 o |
0] 0:
©
]
l
|
l
|
|
|
{
i
2 2.2

(Um/Uj Uy /Uj)  VALUES

F16.6.4 RELATIONSHIP BETWEEN K AND (Up/Uj)XUw/Uj)

7



'\
EZ + &g \161 ©

strain distribution

2 1
in-sity floor
h-a La |
7 1
joint ¢ross-section
N2 Ny
1 i
,32 24
|
|+ }
L hta L4}
) A l
h-a i h-a lglg_!

stress distribution

F1G.6.5 TWO COMPONENTS F1G.6.6 VARIATION QOF FLOOR
OF INTERNAL LOAD CONCRETE STRENGTH

strain distribution

a \I-CX\JC’

| a |
A « |

—
stress distribution

F16.6.7 ASSUMED STRESS,STRAIN DISTRIBUTIONS
IN THE FLOOR PART OF JOINT

176~



177

/|'E1

~¢, &P
STRAIN DISTRIBUTIONS
N1
le1 | NT@.,I |21N1].
| | !
1+ + '_ »
B { i] ) ; _,]r_.u'ﬂh N _Jg___a'_,,a.
a/2 l, a/?2 ,.[/ a/2 '1‘ a/2 a,j l a/2 1|, a/?2 AI
STRESS DISTRIBUTIONS
{a) ({b) (<)
F1G.6.8 THREE BASIC TYPES OF STRAIN DISTRI-
BUTIONS IN FLOOR PART OF JOINT
G C
________ —=—Kwly = Kj Uj
————— <= ———Kj U} m— T == K U
l
| i ]
l I 1
5 |
I
| | 1'
¢ - L —€
€227 €y £22 “u

a)insitu concrete is. weaker

than wall concrete

b)wall concrete is weaker

than in-situ concrete

F1G.6.9 VALUES OF £
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G G
________ KwlUy b——— — —— — — — Ky Ug
~~~~~ — = Ky Uy —————>r—= ‘KWUW
|
| } [
I | |
| | i
l | |
i 5 |
' g c
Eaa™ €y €aa €y

a) floor concrete is weaker than b)wall concrete is weaker than

wall concrete floor concrete

F16.6.10 VALUES OF E€Eqqa

_______._____.____.;.__—,:__,,‘KWUW e e e e — s e K{ Uf
————— — — =—=— K¢ Uy —— = T = = 'KWUW
N l
| | |
| ! |
| i '
1 i l
| l |
= £ 1 L. S
En= €y & Ey
a) floor concrete is weaker bywall concrete is weaker
than wall toncrete than floor concrele

F1G.6.11 VALUES OF &y



(a) (b) : (d) 179

E;2850 €22 £y, =g“
ESEy
5c$ E:_$O 4
|h-a pa | | bh-a lal | h-a lal Lh-a La]
7 A A~ A—A- 7 F—A A

F1G.6.12 STRAIN DISTRIBUTIONS WHEN £, <€5<€aa

{a) (b} {c)

Ear EM
g,=¢ £ £,4& Ea= Ean E,4E,
AT =22 + o 2 22 + 2t + £\§€u

- -le<o
h-a | a\s‘éo h-ay a\ lh-a | a |
A Ed A 4] ]
: (d) - ' {e)
€040 r//,»/‘)] £=E. ~ / £,=€,
' €,0 >
| h-a a | | h-a | a
1 1 ] A
T~

[ a) {b) [ ¢)
= £
Ea e, R e
£ 2
ma] T R e TP e I G
\18,50 :
h-a a L h-a | a | | h-a a
7t 1 %! 7
(d) (e)
&a.:&lL
arf =N + | €&y
El_<0 l/ £L<° V
L h—-a |a [ h-a | @
] 1 ) 1 7t
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CHAPTER SEVEN

DESTGN CHARTS TO CALCULATE THE LOADBEARING GAPACTTY
OF HORIZONTAL JOINTS

7.1 USE OF DESIGN CHARTS.

Generally there are two kinds of problem in the design of sections.
1. TUltimate load is known. A cross-section is calculated to carry this

load with a certain factor of safety.

2. Cross-section is known. Carrying capacity of this section is compared
with the load to be carried and the degree of safety is investigated.

In most cases golutions are achieved after some trials, For this
reasgon especially for eccentrically loaded cross-sections, design charts
are found extremely useful.

In conventional congtructions only one parameter is involved as far
as concrete is concerned. 3But in panel construction joints at least two
different concrete mixes are possible., In horizontal joints the number
of concrete members meeting at a joint is three and in addition, dry-
packing mortar also plays a role in load carrying function,

With the use of design charts various possibilities of forming the
Jjoints can be checked easily and*quickly. )

However, as mentioned beforé, possibilities are theoretically un-
limited, Yet, it is possible to limit the number of design charts by
practical congiderations. In the‘following paragraphs these practical

congiderations will be discussed,

7.2,  BASIC IDEAS

In the proposed analytical method all parameters and results are in
dimensionless form, For this purpose wall characteristics were used, e.g.
all concrete strength values related to wall concrete strength, On the
other hand, penetration of floor length, mortar height and eccentricity
values are expressed in the form of their ratios to wall thickness.
Calculated o values which are defined in chapter six as ultimate loads
in dimensionless forms can be plotte@Aagainst ﬁ'values.

For conventional types of construction this type of diagram has been

produced and especially in stability problems they are widely used.
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CHAPTER EIGﬁf

8.1, FULL-OUT RESISTANCE:

In chapter four some expressions are given to predict the pull~out
resistance of monolithic and actual type joints. It is possible to putb
them into simpler forms by elimination of a less important variable.
However, in doing this, the magnitude of the eliminated variable must
be chosen so that applicability of formulae covers as many practical cases
ag possible.

If the expression (4.5) is investigated, it can be observed that the
diameter of loop (D) is less important than the other parameters. In
addition, its value can easily be limited by keeping the range of appli-
cation fairly wide. '

A lower limit value of 80 mm for D was found reasonable enough as far
as practice is concerned. If 80 is substituted for D, expression (4.5)
takes the form below:

P
u

1t

(48 + 0.7 1p2) (0.6 on + 1.1'ftu) R
In this expression the first part, i.e.

X = 48 1p + 0.7 1p°

is a second degree function of l1p,.

In Fig. 8.1 this function is plotted for values of lp between 40 mm
and 130 mm. From the same figure it may be observed that this parabola
can be replaced with a straight line between lp = 60 mm; and lb = 125 mm
with reasonably small errors. Thus a linear function of lp

-

Y = 170 1p - 5000

is found to replace X in the expression (8.1).

The limits set for lp are also probable limit values for practical

cagess

209
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It must be remembered that to obtain X the value o} D used was
in millimetres. For this reason, lp too must be in millimetres. Thus,
function Y has the dimension of (mm2). To avoid confusion, strength
and stress values, i.e. on and f%u should be calculated in N/mmz.

Hence the formula

P
u

il

(0.1701p - 5000).(0.6 on + 1.1 ftu) e s e e e e (842)
which will produce results in Newtons or

P
u

il

(0,17 1p ~ 5) (0.6 on + 1,1 ftu) e .(8.3)

which will produce results in kls can be obtained,

For eccentrically loaded joints the formula is

P
u

il

(0,17 1p = 5) (0.6 0n + 1.1 £b ) (1~ 1.1 2) . . .(8.4)

In Fig.8.2. calculated values for S and P group specimens and
test results are compared., Calculated values were obtained from formula
(8.4). In this figure test results of specimens which failed by breaking
of bond or steel are not included. As it can be seen from Fig, 8.2, by
simplification of formulae (4.5) and (4.7) it is still possible to obtain
regsonable estimations of pull-out resistance.

Since pull~out resistance formuiae for actual joints were developed
by introducing a reduction factor, a simplified formula for actual joints
can be obtained by the same procedure, That is

P, = 0.8 (0.17 1p - 5) (0.6 on + 1.1 ftu) _

for joints under concentric load and

P, = 0,8 (0,17 1p - 5) (0.6 on + 1.1 £ ) (1 - 1.1 ﬁ)

for joints under eccentric load. Hence

P, = (0,14 1p - 4) (0.6 on + 1.1 ftu) J I (- )
P = (mmlp-M(m6m¥1Jf%)uﬁaﬁ)....mﬁ)

210
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(4

can be used for actual joints, It must be remembered from chapter four
that the results obtained from theée formulae would be conservative for
the cases where vertical load is heavy. For other extreme cases slipping
resistance will be the critical case, d

In Fig, 8.3 calculated values for J group specimens and test

results are compared,

8.2, COMPRESSIVE RESISTANCE

In chapter seven design charts are given to estimate the resistance
of joints for several possible cases,

In this chaplter a method of approximation which reduces the family of
curves given in chapter seven to two gimplified formulae, ls described by

examples and resultant formulae are given,

8.2.1. Cages Chosen for example

To describe the method, thercase in which in~gitu concrete strength
~to wall concrete strength ratio varies has been chosen. In chapter seven
design curves for this case have been given for joints with penefration
ratios r = 0.5, 0.4, 0,3, 0.2 and 0,1 in Figs, 7.10, 7.11, 712, Tel3, and
Tel4 respectively. -

The above mentioned method has been applied for each of these penetra-

tion ratios.

8,2.2, Approximation of curveg

First step in the application of the method is to approximate the design
curves by replacing them with gtraight lines., In Fig.8.4 this procedure is
shown for two curves. Since a curve which corresponds to a certain strength
ratio actually congists of two curves meeting at the peak point; two lines
will approximate these twe curves. In the examples here lines are drawn
always on the safe side.

If the co-ordinates of The new peak points are C%) y o, We may obtain
o

linear o functions of-% in termg of the co~ordinates of A', E or A'.F, If

ordinates of A'E and A'F are defined as ayp and o respectively:

3_0.5

“ h
-———a — ———————tr————— hence
0 &) - 0.5
h'’o ¢
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e

o
S (ﬁ.- 0.5) and gimilarly . . . . . . (8.7)

al ) ("eﬂ)o - O-S
oLo e '
@ o= ——— Q; $05) ¢ v v v e e s e e .(3.8)

&), + 0.5

are obtained,

8.2.3. o, (-E-)o functions

The peak points A}, B! ... etc. in fact do not 1ié on a certain
curve. But if their co-ordinates are marked as a function of T2 it will
be seen that reasonable linear o, and. Cﬁ)o functions can be obtained.
Turthermore for the values of T2 between 0,4 and 1,0, this function can

be obtained almost without any approximation.
In Table 8.1 Q%)o, and «  values are given for the cases under

congideration, In Fig.8.5, @ and q%)o values are plotted for the joint
where r = 0,5 and fitting lines are shown, From the figure o and q%)o

funetions have been obbained as:

a = 0,350 T, + 0,350

(o]
q%)o = 0,240 T, - 0,260
TABLE 8,1 «_ and (ﬁ)o VALUES
1 o= 005 r = 004 Lo O-3
e e e
T2 ao (h)o oLo (h)o % Qﬁ)o
1.2 | 0,743} 0.012 | 0.745 | 0,009 0.738 | 0.015
1.0 | 0,702 { ~0.017 | 0.692 | -0.018 0.690 | -0.012
0.9 | 0.662 | ~0,044 0.652 -0,044 0,640 | -0,033
0.8 | 0.625]-0.070 | 0.606 | -0,071 0,592 | -0.056
8:2 0.573 | -0.107 | 0.562 | -0.104 0.542 | -0.081
0.5 | 0.525|~0.140 | 0.512 | ~0.136 0,488 | -0.115
0.4 | 0.485{ -0.166 | 0.472 | -0.162 0.448 | -0,138
I, r = 0,2 r = 0.1

1.2 | 0.743{ 0,012 | o0.741 | 0.018
1.0 | 0.675-0,006 | 0,667 | 0,006
0.9 | 0,628 | -0,022 0.615 | -~0.006
0.8 | 0,576 | 0,040 0.553 | -0.015
8:% 0.527 | =0.059 | 0.497 | =0.0%0
0.5 | 02470 -0.085 | 0.442 | -0.,044
0s4 | 0,435 ~0.108 0.398 | -0.057




213

Similarly,

a = 0.345 T, + 0.355

. , | )

), = 0.220 T, - 0.245 (for r = 0.4)

. .

7)o = 0.200 T, - 0,220 (for r = o.;)
o = 0,405 T, + 0.270

o .

(E)O = 0,170 T, - 0.175 (for r = 0,2)
06 = 0,430 T2 + 0,230

e ¥ A -—

(E)o = 0.100 T, - 0,100 (fqr.r = 0,1)

can be obtained.,

8,2.4. « o, functions

1’ "2

If o and.(%)o are substituted in expressions (8.7) and (8.8) by the
functions obtained above o and a, functions can be obtained in terms of

e
T2 and e Hence forr = 0.5

0.350 T, + 0,350

a = ,
1 0.240 T, - 0.760 (E_ 065) v o o o o o o o o (849)

0,350 T,. + 04350

% = G Tz I l(ﬁv; 0.5) = 1.458 (£ + 0.5). (8.10)
forr = 0,4 o
0. T, + 0.
a = nggg Tz . 0.§ig 2 —no.5) e e e e e e e e . (811)
0,345 T, + 0355 .
o = U0 50.255 G+ 065) v v v ¢ v o o .. (8,12)

2



8.2.5. Simplification of «

forr = 0.3 N
0,400 T,, + 0.285
% = 0.200 T, - 0.720
0,400 T, + 0.285
% = 3,200 T, + 0,280

for » = 0,2 ‘
0,405 T + 0,270
, % = 0,170 T, - 0.675
. 0,405 T, + 0.270
% = 0,170 T, + 0.325

and for ¥ = 0,1 _
0,430 T + 0,230
% = 0,100 T. - 0,600
0.400 T, + 04230
% = 09,100 T, + 0.400

13

e

—e

e

e

e

G

a,. functions

2

+0.5)

o functions, in

K(r,) @ - 0.5)

%

1l

%

Il

where K and L are

1(2,) @

!

general, are in the following

+ O

the functions of T2 as given above.

5)

formsg:

. (8.13)

. (8.14)

. (8.15)

. (8.16)

. (8.17)

. (8.18)
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In Table 8,2

K values and in Table 8,3 L wvalues are calculated for the values of T2

between 0.4 and 1¢0,

These values are plotted in Figs. 8.6 and 8.7.

From

Fig, 8,6 it can be seen that all X functions can be replaced by a single

linear function, When this is done, the following expression can be ob~

tained:

K(TQ) = —(T2 £ 003) e ...

-

e e e e e e e e e . (8,19)



TABLE 8,2 K(Tz) VALUES |
T, r = 0.5 0.4 0.3 0.2 . 0.1
0o4 -0,738 -0.750 -0,695 -0.712 -0.718
0.5 -0.820 -0,8%1 -0.782 -0,801 -0,809
0.6 -0,909 ~-0.917 -0.875 -0.895 -0,904
0.7 -1.005 -1.009 -0.974 -0.996 -1.002
0.8 -1,109 -1,109 -1.080 ~-1,102 1,104
0.9 -1,022 -1,217 -1.194 -1.216 -1.210
1.0 ~-1.348 -1.%33 1,317 -1.%37 -1.320

TABIE 8.3 L(Tz) VALUES
T, r = 0.5 0.4 0.3 0.2 0.1
0.4 1,458 1.437 1.236 1,099 0,914
0.5 1.458 1.445 1.276 1,152 0.989
0.6 1.458 1.452 1.3%313 1.201 1.061
0.7 1.458 1.458 1.345 1.247 1.13%0
0.8 1.458 1,464 1.375 1.289 1.196
0.9 1.458 1.469 1,402 1.327 1.259
1.0 1.458 1.474 1.427 1,364 1,320
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From Fig.8.7 it can be seen that L(Tz) functions can also be trans-
formed into linear expressions. L(TZ) has already been found constant for
T = 0,5 in expression (8.10). In Fig. 8.7 other four linearisations are

shown. These lines can Le epxressed in the follwoing forms:

a) r = 0.4
L(T,) = 0.05 T, + 1.42 e et e e e e e e e e e e .. (8.20)

b) r = 0.3 o -
L(Tz) = 0,31 T, + 1.13 A 739

c) r=0.2
L(Tz) = 0.42 T2 + 0095 . . . . L] . . L] L] . . 4 . . . * 4 . (8922)

d) r=0.1
L(Tz) = 0.68 T2 + 0065 L e R e D I (8.23)

8.2.6. Simplified a, and a, formulae

If linear approximations of K(Tz) and L(TZ) are substituted in express-

ions (8.9), (8.10), (8.11), (8.12), (8.13), (8.14), (8.15), (8.16), (8.17)
and (8.18), the following formulae are obtained:

a) T = 0,5 ,
%=(%+OJ)@5~%) R (- J7-7D)
o, = 1.458 (0.5 +'%) N (- -39
b) T = 0.4
%=(%+03)®54ﬁ) e e e e . (8426)
o, = (0.05 T, + 1.42) (0.5 +-§) e e e e e e e .. (8227)
c) T = 0.3
%=(%+OJ)®5~%) e e e e e e .. . . (8,28)
%=(mﬂT2fLB)@5+%).. ...... e e e e . (8.29)
d) r = 0.2
‘ %=(%+OJ)®J~%) A (- P 10))
ay = (0.42 T, + 0.95) (0.5 +=§) e e e e e e e e (8.%1)
e) T =0,1 ; _ |
= (T, +0.3) (0.5-2) + v v vt (8432)
ap=(0.68 T, +0.65) (0.5+%) . (8.33)
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The 1limits for application of @y OT @&, were taken from Figs. 7.10,
7.11, 7.12, 7.13, and 7.14 and are given in Table 8.4. For the greater

values of '% than those given in this table o formulae are to be used.
TABIE 8.
Limit % values for oy and oy formulae
T2 r = 0.5 0.4 0.3 O.2 . Oal
0.4 -0,094 -0.093 -0.088 -0.073 -0.042
005 —00079 —00078 —00073 "00060 _00035
0.8 -0,045 -0.042 ~0.038 -0.030 ~0.015
0.9 -0.030 -0.027 -0,025 -0.,019 ~-0.,010
1.0 -0,020 -0,015 -0,012 ~-0.010 ~0.005

Note: When % is greater than these values g is used.

8.3, COMPARTSON OF TEST RESULTS WITH THE CALCULATED VALUES

In general simplified formulae developed in this chapter are applicable
to the second serieg of tests reported here and also to the tests carried out
by Ward (6) at Imperial College. In Tables 8,5 and 8,6 calculated values for
these tests with simplified formulae are given. In Fig. 8.8. calculated values
are compared with test results. Since penetration ratio values are in between
the values for which simplified formulae were developed, the formulae correspond-—

ing to the closest penetration ratio were used in calculations.

8,4, A SIMPIE LINEAR ANALYSIS

For the preliminary analyses of joints, the linear analyses mentioned in
chapter six may be used. Empirical factors obtained from test results should
be used in these analyséé.

In a linear stress distribution the value of maximum compressive sitress
iss

e
o = o (1+6 =)
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It is assumed that when maximum stress value reaches the strength value of

the weakest component ultimate load is reached. Hence

e

f = o (1 +6 h)
where f = KU as described in chapter six. Therefore:

2

KU = o (1 +6 h)

N
Al

If stress values are nondimensionalised by dividing Uw’ and since a = ¢ /U :

n’ w
%E = o (L+6 %) hence
W
KU
o = —_-.-_-—e——. ® & & & e 8 & 5 e+ a4 ® 2 & s & & 2 » e » (8934)
Uw(l + 65)

When floor concrete and dry-pack mortar strengths are not weaker than those
of the test of the components, formula (8.34) can be used to estimate the

failure load of the joint by using following K +values.

8.4.1. K values and eventual forms of formula (8.34)

The joint can reach assumed failure condition either at outer edge or

at inner edge, but there are two basic cases:

1. Wall concrete is the weakest paft of the joint. In these cases U = Uﬁ

and X = Kw = 0,9 as described in chapter six. Therefore

o = 09 N € 95153

hand e L] . L] * - L * *
(1 +6 h) |
This formula is applicable for all values of eccentricity between + 0.5 and

- 0.5 but always absolute value of e ghould be used in the formula.

2. In-situ concrete is weakest element in the joint. In these cases an
estimation for the region of failure must be done. Degign charts given in

chapter seven may be used as a gulde.

i

a) When %-:> 0 failure should be expected in in-~situ concrete, 1In these

cases U = Uj’ K= Kﬁ and Kj values are determined according to
Uﬁ Uw Ei
T5 =T 0. values. Since T T2
J J w
K. T
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TABIE 8.5

Strength Ratios " Calculated - Observed

et || 1| e |, | mitee | meitue
‘ 1 2 3 h Stress Stress

| W | W/
1 1.239 0.686 1.0 | 0.394 | +0.207 | 0.289 13.94 14.86
2 1.538 0.927 | 1.0 | 0.262 | +0.194 | 0,375 16,49 | 14.86
2} 1.701 1.012 1.0 | 0.262 | ~0.179 | 0.463 21,95 | 21.23
3 1.186 0.740 1.0 | 0.131 | +0.193% | 0.319 15.11 12.10
31 1.476 0.864 | 1.0 | 0.1%31 | -0.175 | 0.402 18,09 | 21.23
4 1,619 0.943 1.0 | 0,262 | +0.198 | 0.375 17.26 16.52
5 1.778 0.923 1.0 | 0.656 | +0.193 | 0.375 18.02 18.45
6 1.587 0.913 1.0 | 0.262 | +0,187 | 0.380 17.64 16.62
7 1.741 0.522 1.0 | 0.262 | +0.201 | 0.246 11,39 | 12.23
8 1.787 1.395 1.0 | 0.262 | -0,178 | 0.503 23,74 | 21.23
10 1.032 0.979 1.0 | 0,131 | +0.187 | 0.400 | 18.19 16.98
12 1.870 | 0.979 1.0 | 0.131 | +0.198 | 0,386 17.55 | 15.29
13 1.730 0.962 1.0 | 0,262 | +0.201 | 0,377 17.09 14.12
14 1,362 1.013 | 1.0 | 0.262 { 40,196 | 0.399 19.88 | 20,91
15 1.465 0.948 1.0 | 0.262 0,155 | 0.431 20,66 19.11
16 1.595 | 0.864 | 1.0 | 0.197 | -0.144 | 0.467 | 23.31 | 22.99
17 1.767 0.923 1.0 | 0.131 | ~0.175 | 0.415 19,19 17.01
16 |1.783 | 0.874 | 1.0 |0.262 | 40.215 | 0.335 | 15.92 | 19.01
19 | 1.729 | 0.85 | 1.0 | 0.262 | 40.220 | 0.324 | 15.71 | 19.06
20 1.608 | 1.087 | 1.0 | 0.262 | +0.243 | 0.35 | 17.03 | 18.55
21 4.134 | 1.376 1.0 | 0.262 | +0.013 | 0.816 15,62 16.07
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Kj values are:

T S 2.2 K. = 018
5 J
2<T . < 3.0 XK. = 1,0
5 5 J
T. > 3,0 K. = 1.1
5 5 J

When ﬁ- < = 0.1 failure should be expected at the inner edge hence
in walls. In these cases formula (8.35) must be used with absolute
value of eccentricities.

For values of eccentricity between O and - 0.1 it is difficult to for-
see the failure region but it will be safer to consider only in-situ

concrete failure cases and use formula (8.36).

In Fig. 8.9 test results are compared with the calculated values
obtained from formulae (8.35) and (8.36).

TABIE 8,6 ESTIMATED VALUES OF TESTS CARRIED OUT BY WARD (6) WITH SIMPLIFIED

FORMULAE
Strength Ratios Calculated Observed
e Average| Average
T§St Ty | T3 x h o | Failure| Failure
0. Stress Stress
N[mm2 N/mm2

~l O Ul P NN

1.121 | o.898 | 1.0 | 0.197 | +0.164 | 0.403 | 19.20 | 21.23
1,145 | 0.927 | 1.0 | 0.131 | 40,164 | 0.412 | 19.64 | 21.23
0.822 | 0.778 | 1.0 | 0.195 | +0.164 | 0,362 | 16.91 | 14.86
0.685 | 0.871 | 1.0 | 0.195 | +0.164 | 0.393 | 18.36 | 20.55
1.356 | 0.702 | 1.0 | 0.195 | +0.164 | 0.337 | 14.75 | 16.68
1.408 0.793 1.0 | 0.195 0 0.547 23.40 39.77
0.855 | 0.840 | 1.0 | 0.195 | ~0.164 | 0.438 | 20.45 | 23.35
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CHAPTER NINE.

CONGLUSIONS

9.1 PULL-QUT TESTS WITH MONOLITHIC BLOCKS

The registance of monolithic concrete blocks against the pull-out
forces transferred by loop ties is influenced by the penetration length,
bend diameter of the loop, the magnitude and eccentricity of the load
actingvon the block and by the strength of the concrete.

Test results of S group specimens indicated that the most effective
parameters were the penetration length of the loop and the magnitude of
the load.

The type of the steel and the bar diameters did not have significant
influence on the resistance as compared to the characterigtics of the loop.
When small diameter bars were used usually bond failures were developed in
glabg. It was observed that 40 x diameter bond length, which is usually
considered ag safe, did not provide the required bond resistance when the
gteel yielded. Ordinary end hooks did not seem to provide any additidnal
bond resistance for 6 mm mild steel bars. '

It can be concluded that if small diameter bars are to be used and the
design is based on yield stress of the gteel, gpecial care hag to be taken
to prevent sudden failures due to bond.

If bond failures are prevented, it is possible to make use of the strain
hardening range of steel and eventually failure takes place by the breaking
of loop. This was demonstrated in thé P group of tests. Tests PL1 and
PL2
each loop to work independently.

indicated that a loop spacing of 300 mm provides sufficient spacing for

9,2. PULL-QUT TESTS WITH SPECIMENS REPRESENTING ACTUAL JOINTS

Tests of J group specimens revealed that if vertical stress on the
joint is less than a certain value the pull-out resistance of the joint is
decreased comparing with fhe case of monolithic blocks. According to test
results, approximately for the ten top storeys of a building this reduction
in strength ghould be expected. For the rest of the joints in the other
lower floors of the building, the resistance of a monolithic joint can be

achieved,
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Vertical dowels or loops projecting from walls did not seem to improve
the pull-out resistance.

The J group tests demonstrated another important type of failure in
actual joints i.e. slipping failure., For the joints with low loads acting
on them there is a possibility that wall on top of the joint will slip under
the influence of horizontal load. A frictional resistance of 0.7 x vertical
load was found to act between the adjacent components. Since for the top
storeys of a building it is likely that the vertical 1oéd would not be large
enough to produce the required frictional resistance, joints should be designed

to provide additional shear resistance.

9.3, FORMUIAE THAT ESTIMATE PULL-QUT RESISTANCE

Formulae 4.6 and 4.7 developed by the idealization of failure mode and
by some simplified assumptions and also by the iatroduction of empirical
factors, estimate pull-out resistance of monolithic blocks with sufficient
accuracy. The comparisons of calculated values with observed values are
shown in Fig. 4.5. :

These formulae can be used for actual joints if the Joints are under
heavy wall loads. 3But for the joints under low wall loads formulae 4.8 or
4.8 should be used. These formulae were obtained by modifying the formulae
for monolithic blocks. Calculated values obtained from these formulae were
in good agreement with relevant test results of S group specimen as shown
in Fig. 4.11,

For slipping failures, formulae 4.10 and 4.11 which were based on
observed frictional resistance may be used.

It is advisable to design the joints against pull-out forces such that
the yield stress of loop steel will develop at ultimate. To prevent pre-
mature and sudden collapses other possibilities such as failure of concrete
in joint and slipping failures should be checked, and necessary detailing
should be provided. Bond failures should also be prevented if small (6-8 mm)

diameter round mild steel bars are used,

9.4, COMPRESSION TESTS

Observations made in compression tests indicated that:

I. When eccentricity of the load was towards the exterior, failure occurred
at the weakest component of the joint.



II.

III.

VIIT,

232

In design, possible eccentricities in both directions are generally
considered. Therefore, if the strength of wall concrete is to be
utilized it is necessary that in-situ concrete be of the same grade

as the precast components,

When the strength of mortar is not weaker than those of concrete
components, its thickness and strength do not influence the strength
of the joint. Otherwise a decrease in the strength of the joint will
be observed. Iugez (12) and Henclewicki (8) have expressed the.
relation between joint strength and the thickness and strength of
mortar bed. In test 9 the effect of weak mortar was observed and

confirmed the results of Lugez.

Bearing length of floor slab affected the joint strength and played
a significant role in the behaviour of the joint. As the penetration
length was increased, joints behaved closer and closer to that of a
rigid joint,

It did not appear that floor end moments and shear forces had defin-

able influences on the results obtained.

It was observed that floor concrete strength increased inside the

joint due to the restraining effect.

Moments of the end of wall panels were accompanied by relative rota-
tiong between walls and the rest of the joint, M ~ 8 relation
varied between rigid joint behaviour and hinged joint behaviour.
Therefore, in the design of walls, this kind of jointing must be
treated as hinged joint with the hinge forming at the centre of the

resultant force of the wall.

The end of floor slab élso behaved as a joint with relative rotations.
But the moment transfer was limited. Therefore, in design plastic
hinges may be assumed at the ends of floor slabs. Tharmaratnam (1)
studied this problem in detail.

9,5 ANALYTICAL STUDY OF JOINTS

An analytical method developed and presented in chapter six to

estimate the compressive resistance of joints, produced reasonably good

results when applied to the specimens of Series IT, The specimens tested

by Ward (6) were also calculated by this method and results were found

satisfactory. Comparisons of calculated values with the actual test results

are shown in Fig., 6,28,
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Since there were no similar test results by other investigators, the
reliability of the method was further checked indirectly by applying it to
the joints tested by Sakthikumar (2). Comparisons of estimated joint
gtrengths with the observed failure loads explained the observed test
results (Table 6.4). If premature failures in the joints due to errors
in manufacturing of specimens Al’ A2 and. B4 are excluded, it can be geen
that the joint failure of A7
failed in the mid-height of the wall before the load reached the estimated

was clogely estimated and the other specimens

joint strength value. b

Therefore, it was concluded that the proposed method could be used with
sufficient accuracy in the desigp of joints. Design charts were produced by
uging the proposed method and given in chapter seven., In that chapter com-
parisons made between the strength values of panels and joints showed that
even for panels with small slenderness ratios, there were cases in which the
joints could still be critiqal ag far ag overall strength of wall panels is

concerned.

9.6, SIMPLIFIED FORMULAE

In chapter eight simplified formulae are given to estimate the pull--
out and compressive resistance of the horizontal joints. :

The formulae (8.4) and (8.6) estimated pull-out resistance of mono-
lithic and actual joints reasonably well within the assumed limits as can
be seen in Figs. 8.2 and 8.3,

The formulae (8.2% to 8.33) obtained by simplification of the design
charts given in chapter seven were found gatisfactory as demonstrated in
Fig. 8.8. The range of application of the formulae covers most practical
cases., .
The simplified formulae (8.35) and (8.36) developed on the linear stress
distribution assumption can be considered an alternative method in their
limited range of application for the compressive strength estimation. A

comparison of calculated valueg with the test results are shown in Fig.8.9.

9.7. SUGGESTIONS FOR FUTURE RESEARCH

Some more tests are recommendable for pull-out resistance. In the
first part of the tests reported here pull-out resistance of the joints has
been investigated by the application of direct pull-out forces., It will be
useful to study the effect of bending moment action combined with pull-out

action.
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Frictional resistance of the joints found in this work needs more
gvidence, hence a more detailed experimental work is necessaxy.

The contribution of dowels, loops or some other special detailing
such as castellations etc. to shear strength in horizontal plane, must
be egtablighed.

Some additional experiments may also be suggested in the study of
compressive strength.

The effects of constructional errors and poor workmanship should be
investigated with the test speciméns manufactured with deliberate errors
and poor workmanship., By

Compregsion tests with specimens having floor slabs with nibbed ends
should be carried out.

Analytical method developed for external joints can be extended to

internal Jjoints and its validity for this case should also be proved.
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APPENDIX A, STRATIN MEASUREMENTS OF P GROUP SPECIMENS.,

In fhe tables below, the strains measured by means of electrical

resistance strain gauges are given as micro-strains.

stage is the load due to wall loading.

horizontal pull-out forces and they are given in tons.

imply tensile stress.

The first loading

Subsequent stages indicate

Positive signs

TABIE A.1l  STRAINS OF Pl N
Gauge - :
Load 0. 1 2 3 4 5 6 7 8 9 10
Wall
Toad -30 -10 | =30 | ~10 0 -10 { -30 - 0 =40
1.0 -28 -10 -10 +10 +30 +10 -30 - +10 -60
1.5 ~20 0 0 +20 | +50 | +25 | -30 - +30 | ~65
2.0 ~20 +10 | +10 | +50 | +60| +40 | -20 - +55 | ~60
2.5 Steel was| broken -
Gauge
No. 11 12 13 14 15 16 17 18 19
Toad )
Wall
lond -50 | =20{ -30 | -30| ~40| © 0| +120| +20
1.0 -60 ~-60 | ~60 | =30 ~50 | +640| +760] +270| 4840
1.5 ~60 =70 | =75 | -40 | =50 [12980[11620H12270|+5610
2.0 -65 | -90| -85| -50| -60| - - - -
2.5

Note: Hyphens indicate that no reading was taken,




STRAINS OF

TABIE A.2, P2
Gauge :
No 1 2 3 4 5 6 7 8 9 | 10

Load )

?iié ~48 | -30| =50 | ~38 | 55| -35 | -20 | 12| s18| o
1.0 38| —22| -30| -18| -32| -25 | <10 | +3| 60| -5
2.0 33| -18| -5| +4| -18| -5 | -5 | +13|+180 | ~13
3,0 26| -8 425 +32( 418 425 | +5 | +28( 4615 -15
4.0 -18 -2 | 4100 | +77 | +265 | +60 | +10 | +%8 41465 | -30
5.0 0 0 +378 | +92°'| +335 +75 | +25 | 48 #3180 | =35
569 Failure

Gauge
No | 11 2 |13 |14 | 5] 6] 17 {18 ] 19

Toad

yiii S o |0 |-0| 5| of o -] -
1.0 0 ~%0 | 410 | =20 | o0 | +480| +475 | - -
2.0 “10 | 50| -8 | =30 | -13| +692| +e48 | - -
3,0 -10 -80 | -25 | ~42 | -13| +895| +1240 - -
4.0 ~20 | -110 | ~28 | -55 | -15|+1125| 42342 | - -
5.0 -35 | =150 | -60 | -60 | -23 |+5800k10205 | - -
5.9 Fail?re

239



P3

TABLE A.3 _ STRAINS OF
Gauge ;
No| 1 2 3 4 5 6 7 8 9 | 10
Load.
Wall 65 | =30 | =150 | -125 | =127 | -105 | ~72 | -25| +20|-162
load . N
2.0 ~45 | -10|-115| -85 | -92| -85 | -70 | -40| +70 | -180
4.0 =35 | +5| -80| -45| -57| -15| -67 | -35| 4262 | -187
6.0 2% | 420 -35| -15| -32| +45 | =54 | =30 +712 | -192
8.0 ~5 | +40| +20| 65| +13| +125 | -40 | -18 1460 | —202
10.0 +25 | +40 [+4110| 65| +88| 4285 | -22 | -20| - |-202
11.9 Failllzre
Gauge o
No| 11 12 | 13| 14| 15 16| 17 | 18] 19
Load
giié -182 | 232|225\ 250 | -115| o | o | - | +70
2.0 215 | -270| ~270| -260| -115| +620] +230 | - | +160
4.0 220 | -312| -310| -270| -125[41035| +680 | = | +380
6.0 235 | =352 | -345| ~270| -135{+1520 {41145 | - | +690
8.0 250 | 387 ~380| ~280} ~153|+1935|+1610 | - -
10,0 260 | -437| -415] ~288 | -155]+2330|4+2055 | - -
11.9 Failuie




TABIE A,4  STRAINS OF PA
Gauge - o )
Yo | 1 ol 314 5} 6l 721.8] 9] 10
Toad
giié' ~75 | =215 | 135 |-170 | -178 | -205 | -215 | -120 | +10| -248
1.0 52 | - | -85 |-150 | -163| -315 | ~210| -113 | +048 | -253
2,0 60| =~ | =75 |-138 | -153| -312 | ~210| -110| +280 | ~256
3.0 60 | - | =55 |-118 | -138| -305 | -208 | 102 | +353 | -258
4.0 50| - | <40 | -90|-108| -290 | -200] -95| +690 | -268
5.0 0| - |-10 | =70| -78]| ~260 | -192| -88|+1300]| -268
6.0 a0 | - | s8] -47] -56] 230 | -192| -82 |+2110] -270
7.0 351 - | 450 | -10| -6 -180|~190] ~72 |+3460 | ~273
8.0 551 = | 4135 | 435 | +42] -115]-195] -70] - | -278
8.9 Failure
Gauge
oo | 11| 12) 13| 24) 150 16| 17| 18| 19
yiii' -082 | -183|-208 | - |-110| 0 | 0| 45| 45
1.0 -296 | -203 | -243 -~ { =110 +160 | +181| +35| +145
2.0 ~302 | -223| -260 | - |-115| +325| +380 | +235 | +300
3.0 512 | —238 | -o78 | - | -117| 4630 | +580 | +485 | +475
4,0 =317 | 261 | ~298 | - |-120] 4925 | +710 | +785 | 4670
5.0 320 | ~273 | =318 | - |-135 41235 11042 +1100 | 4872
630 2307 | ~291 | =338 | - | ~135|41545 1285 41475 [+1092
7.0 332 | -303| =358 | - |-13%0 |+1875 F1630 [+1860 |+1390
8,0 312 | -318| =378 | - |-130[+2250 1900| =~ |r1810
8.9 Fai luzie
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TABLE A.5 STRAINS OF PL1

Gauge -
BN ol 31 4| 5| 6] 7] 8 9| 10
giié -17| 48| 18| ~40 ) =50 | - | =35 -45| O | 40
1.0 | -17| 46| -18| -33| -40| - | -35| -35| +8] -3
3.0 | 17| -33| -18| -10| 28| - | -30] -3| +10| -10
5,0 | -12] -3| -10| 40| +10| - | 20| 30| +20] 420
7.0 ~7| +12| 81 +0| #0| - | -12] +57| +20] 455
9.0 -2 +34 -3 +65 | +20 - -10f +75| +20| +80
11,8 Fa,illure
Gauge
N\l 11| 12| 13 || a5 |16 [ a7 | 18 | 19| 20
giié 68| -so| -27| o o | -18] -55] -35| -30] -70
1,0 | -60| -40| -25| 415 15| -23 | -55{ -35( -32| -s0
3.0 | -28| o | 45| #45| +30| -30 | -73| -48| -50| -85
5.0 | +20| w2 435|433 +85| -36 | 77| -50| -82] -92
7.0 |+125| 4130| 435 |+485] 282 | -46 | -80| -65| -110| -130
9.0 | +260 | +412 | +180 p1075]+1000 | -48 | -93] 70| -160| -180
11.8 Faiﬁure :
Gauge ‘
No| 21 | 22 | 23 {241 25| 26 | 27| 28| 29| 30
Load
yiié 50| -20] 60| -4 o] o | o ol o
1.0 | 65| -t0] 70| -5 -| - | -| -| -1 -
3.0 | -85| 52| -88 | -62| +383| 4692 [+235| 4220| +390| +320
5,0 |-110| -55| -90 | -80] +793 |+1022 [+740| +707| +625| +655
7.0 |-135| -55|-115| ~90 +1225 |+1325 | - | +972| +880|+1033
9.0 [-165| -58|-115| -98l+15165 [+12910| - |+1432 [+6690]+7730
11.8 Failure




APPENDIX B.  STRAIN MEASUREMENTS OF J4 and J9
TABLE B,1 _ STRAINS OF J4
Gauge )
No 1 2 3 4 5 6 7 8
Load.
¥§i§ - - 243 | 220 | -182| -228| 445 | 60
2.0 - - 230 | =190 | -182 212 | 4115 -72
4.0 - - ~178 | =145 | =172 | -200 | +1265 72
6.0 - - -110 -90 | -157 | -185 - -7
8.0 - - ~40 25 | =132 | -150 - -82
10.0 - - +40 60 | -117 ] -125 - -82
12.0 - - +512 | 4200 | -102 | -115 - ~92
13,3 Failure
Gauge
No| 9 10 11 12 13 14 15
Load
P 55 | =70 | <00 | <15 <75 | 0 0
2.0 -80 | -118 -160 -85 -8% | 4570 }525
4.0 80 | -150 | -190 | -103 87 | +1208 | 4745
6.0 -80 | -185 -215 | -113 -95 | +1868 | +1200
8,0 -80 | =210 -240 | -120 -95 | +2740 | +1745
10.0 ~80 | -245 -270 | -135 | -10% |+10678 | 48055
12.0 ° -80 | -245 270 | =135 | -115 - -
13,3 Failure k
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TABLE B,2  STRAINS OF J9
Gauge
Load No 1 2 3 4 5 6 7 8
Wall
Toad 0 ~10 ~-10 0 ~15 15 +5 0
1 +140 - +20 +5 +10 +20 +40 -5
2 +145 - +22 © +10 +10 +20 +90 ~15
3 Steel was broken
Gauge .
Toad No 9 10 11 12 13 14 15
Wall
load -15 0 ~10 -20 -5 0 e
1 - ~-10 ~25 -12 -5 +732 690
2 - -30 ~-65 -22 ~20 - +6655
3 Steel was broken

|




245

APPENDIX ¢, EXPERIMENTAL DATA OF SERIES II SPECIMENS,

. In this appendix all strains measured for the specimens 1, 2, 2', 5

6, 7, 9, 12, 15, 17 and 20 are given., Strain-gauge positions are shown

in Figs. 5.7 and 5.8. Besides, applied loads, measured reaction forces

and deduced moment and relative rotations are given for the same specimens.
Positions of loads and reactions are shown in Fig. 5.6. Moment and relative

rotgtions can be seen in Fig. 5.9.

Positive values of strains indicate compressive strains. Moments
acting on the joint are taken as +ve if they are in an anti-clockwise
direction. !

When symmetrical measurements were taken on specimens, average values
gre given in the tables and all the gauge numbers are indicated for which
the average value is calculated.

Hyphens indicate that the measurements could not be taken,

It must be pointed out that seme strain values as those of No. 4, 5, 6,
7, 8, and 9 which were measured by demec gauges, in fact correspond to the
opening of the contact faces between in-situ concrete and the floor end.

Similarly, strain values Nos. 46, 47, and 48 measured by demec gauges,
include the effects of rotational movement between the in-situ part and the

upper wall,
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TABLE C,1  APPLIED LOADS, REACTIONS AND DEDUCED M - © VALUES
SPECIMEN I
oading|  Load| 1B Y 9 M, % 93
Stae” | Cam) | Gav/n) | Gan/m)| 103 | Gam/m)| g5 | e | L5
radian radian radian
Slab - | 15.7 | -0.96 | -0.1] o0 0 | 2.2 | +0.3
1 300.7 | 14.9 | -2.48 | -0.4| 8.20 | 0.6 | -4.40 | -0.4
2 645.0 | 14.3 | -3.62 | -0.5|16.39 | 1.0 | -11.40 | 0.4
3 968.1 | 13.6 | -4.95 | -0.8]25.27 | 1.2 | -18.99 | -o0.4
4 1290.8 | 13.5 | -5.14 | -0.9|34.46 | 1.8 | -28.02 | -0.4
5 1613.5 | 12.8 | -6.47 | -1.4|44.05 | 2.3 | -36.42 | -0.6
6 1936.2 | 11.6 | -8.75 | =2.7| 54.41 | 2.5 | -44.67 | -1.5
7 2097.6 | 12.4 | =7.23 | -5.9|61.88 | 5.8 | -54.82 | -3.7
8 2258.9 | - - - - - -
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Loading)  nead (g/w (mrjl/m/m Q% (ki:?m/m G§ (ki@m O?
Stage (x1/m) 107 x 107 x 107x
radian radiax radian

Slab - 14,70 | -2.99 -0.9 0,03 0.1 | +4.35 0
1 322,7 | 11.81| -8.50 -1.2 8.23 0.8 | +1.82 | -0.4
2 645.4 11.40 { -9.28 -2.4 | 16.65 1,9 | -5.78 | -1.1
3 968,1 | 10.93 | -10.18 -27 25.46 3.0 -13.66 -1.1
4 1290.8 10,54 | -10,92 -3,6 34459 3.7 22,02 | -1.3
5 1613.5 | 10,62 | =10,77 =47 | 44021 4.4 31,79 | =15
év 1935.2 10.62 | =10.77 —6.3 54479 6.3 |42.37 | -2.4
7 2258,9 - - - - - - -
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SPECIMEN 2t
woasns| 1031 | (2l bl 3| | L || 18
Stage (kN/m) | 107 x 10”7 x
radian radian radian
Slab - 13.41 | -5.12 0 -0,06 ~0.4 | +6.67 | +0.5
1 322,7 | 15,79 | -0.48 0.1 -8,42 ~1.2 |+10.21 | +0.5
2 645.4 | 17.50 | +2.85 0.1 -16.78 -1.3 |+15.18 -
3 966.1 17.92 +3.é§ 0.2 ~25.17 ~1.3 [+22,78 -
4 1290.8 | 18.48 +4.7é‘ 0.2 -33.69 ~1.3 |+30.24 | +0.7
5 1613.5 | 19.40 %6.55 0.4 -42,11 ~le4 |437.03 | +0.7
é 1936.2 20.02 +7.76 0.5 ~50.5% ~1.5 |+44.29 | +1.3
T 2958,9 | 20.63 | +8.95 0.6 -58.98 ~1.5 [+51.79 | +1.3
2581.6 21.41 |+10.47 0.9 —68.15 ~2,8 |+59.81 -
9 2904,3 | 22.00 +11.éé - ~ - - -
10 3227.,0 - - - - - - -
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SPECIMEN 5

octine]| tost. | (| (o] b | ) | o |G|

Stage | (kN/m) 107 x 107 x 107 x

radian radian radian

Slab - 15.98 | =5.31 ~0.3 | =-0.19 —0.3 | +7.04 | +0.5
1 322,7 | 14,75 |~12.26 ~0.6 | +8.33 +0,6 +5.éz +0.8
2 64504 13.52 | -8.43 -4.3 | +17.23 +1.3 -7.21’ +0,8
3 968.1 | 12.70 | -8.43 -5.5 +éé.43 +1.,6 |-16.41 | 40,8
4 1290.8 | 12.09 | -8.73 -6.7 +35;é9 +2.4 |-25,36 | 40,1
5 1613.5 11.8§ -8.73 ~7.2 | +45.02 +2.8 -34169 +0.1
6 1935.2 11.89 | -8.73 -8.1 +54.éo +3.0 |~44.27 | -0.1
7 2258,9 | 12,50 | -8.73 ~9.1 +é4.éo +4,0 |-54.27 | =047

2804.3 - - -
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SPECIMEN 6
conting] 0o | ! ol | Gt | L8| |
Stage (kW/m) 107 x 107 x 107 x
radian radiall radian
Slab - 15.98 | =033 0 0 o | -0.06 |-0.1
1 322.7 | 14.75 -2.59 ~0,1 8.26 0.9 | =5.90 |-0.1
2 645.4 | 13.52 | -5.05 -0.6 16.55 1.1 |-11.87 |-0.1
3 968.1 | 12.70 ,6.82 -0.9 | 25.27 1.9 |-18.95 |-0.4
4 1290.8 | 12.09 | ~7.79 -1.0 | 34.21 2.4 [=26.T1 | =047
5 1615.5 | 11.89 | -8.17 | -1.7 | 43.5 2.6 |-35.87 |-1.2
é 1§§6.2 11.89 | -8.17 -2.3 5305 343 -45.81 ~1.5
T 2258.9 | 12,50 | =7.00 - - - - -
8 252\6'.7 - - - - - - -
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SPECIMEN T
foading)  oed <k§3mm) (kMIN/mm O]é (kﬁ'?m) 22 (k;%m) Q?
Stage (kN/m) 107 x 107 x 107 x
radian radian radian
Slab - 13.87 | -4.44 | -0.,1 -0.03% 0 +5.91 ] 0
1 322,7 13.66 -4.96 | -0.1 8.3% 0.6 | -1.91| O
2 545.4‘ 12,91 46.28 -1.2 17.04 1.7 | -9.29} 0
3 968,1 12,50 ~7407 -2,1 261.04 2.8 | =17.67 | -0.4
4 1290.8 11.70 -8,58 -3.4 35.63 3.9 -é6.oo -1.0
5 1613.5 11.90 | -8.21 | -7.1 46.95 ‘6.1 —38.55 -4.9
é 1858,8 - - - - - - -
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SPECIMEN 9

Loading)  Losd (k??mm (m%) 21 (k}@m) ‘;2 m%m) g?

Stage (x/m) 107 x 107 x 107 x

radian radian radian

Slab - 15.15 | -1.58 | =0.5 o 0 | +2.88 | +0.5
1 322,7 14,98 | -1.91 | -0.6 | 8.52 3.8 | =5.30 | +0,3
2 545.4 14,57 | -2.70 | =0.9 | 17.30 4.8 -13.25 | +0,1
3 968.1 13,96 ~3.88 ~1.3 26.43 6e3 —21olé -1.2
4 1290.8 13,56 ~4.65 ~2.2 36.14 8.2 |-30.07 ~4.0
5 |1613.5 | 13.37 | -5.00 | -3.1 | 46.79 | 1l.4 |~40.34 | 5.5
6 18942 - - - - - - -




253

SPECIMEN 12
loading | Ioad Bp M o % % % O3
stage | (&/m) | (V/mm)| (V/mm) (03 | (/mm)| (o3 | (GW/mm)) (03
_ radian radian radian
Slab - 14.74 | -3.05 | -0.3 0 0| +.45 | 0.l
1 322,7 14.70 | -3.13 | -0.4 | 8.29 0.9 | -3.79 | -0.2
2 645.4 | 14.70 | -3.13 | -0.4 |16.65 1.3 |-12.18 | -0.2
3 968.1 14.10 | -4.27 | -0.9 [25.36 1.4 |-19.81 | -0.3
4 1290.8 13.80 | -4.84 | -1.4 |34.34 2.7 |-28.22 | -0.3
5 1613.5 13.48 | -5.45 | -2.1 |44.21 3.1 |-37.65 | -0.4
6 1936.2 15,39 | -5.62 | -3.9 |55.18 3.6 |-49.10 | -0.8
T 2323.4 - - - - - - -




SPECIMEN 15

loading | Toad y: "1 "1 g % "2 %
Stage | (/m) | (/) (a/mm) | 3, | GVma)l (03 | (W/mm) 3
radian radian radian
Slab - 28.67 =597 ~4¢5 0 0,7 8.75 | +0,1
1 322,7 24.83 | -13.34 -é.l 5065 2.8 9.50 |+0.1
2 615.4 | 24018 | -14.59| 7.5 |13.55 | 3.0 3.59 | O
3 968.1 23.77 | -15.38 8.6 |20.81 3.1 -3.20 |-0.1
4 1290.8 23.97 | -14.99| -9.4 }28.14 3.5 | =11.49 |-0.5
5 1613.5 24,18 | -14.59| -10.6 | 35.82 3.8 | -20.10 |-0.9
6 1935.2 24,18 | -14.59| -11.3 | 43.76 4.3 | -28.62 |-1.0
7 225849 24,18 | -14.59 | -12.5 |51.73 Se4 | =37.46 1.9
8 2904.3 - - - - - - -
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SPRCIMEN 17
. B SN 0
L%%i;ig (i%?g) (ki/mm ) (kﬁ}mm) 1031x (1c1Y/m ) 1032x (kﬁ?mm) 10g X
radian radian radian
Slab - 15.52 | -0.87 | =0.8 0 ~0.3 | 2,15 | 0,1
1 322,7 14.14 | -3.56 | ~0.8 | -8.29 | =-0.5 |13.23 | 0.6
2 645.4 14.26 | -3.33 | -0.9 [-16.59 | =0.5 |21.29 | 0,6
3 968.1 14.65 | -2.57 | -0.9 |-24.88 | -0.6 |28.78 | 0.7
4 1290.8 15.57 | -0.78 | -0.6 |-33.04 | -0.6 | 35.09 | 1.0
5 1613.5 16.56 | +1,15 | -0.4 |=41.31 | -1.2 | 41.35 | 2.1
6 1936,2 18,27 | +4.48 | +0.1 |-49.76 | -1.2 | 46.30 | 3.1
7 2258,9 20,16 | +8.16 | +1.5 -58.96 -1.7 | 51.71 | 6.5
8 |24 | - - -] - I




SPECIMEN 20
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Loading| Ioad x: 1 "1 " % " %

Stage | (1V/a) (x/m) | (%X/mm) 10° « (kN/mm) 109% (k/mm ) 109%
radian radian radian

1 322,7 ~3.84 | -T7.38 | -2.9 | 8.81 1.3 -1.43 | =0.5
Slab 322.7 11.30 | -8.99 | -6.2 | 8.81 2.0 ~1.51 | -0.7
H 322.7 12.27 | =7.13 | =10.7 15.26 3,3 |=11.94 | -1.9
2 645.4 11,30 | =8.99 | -11.7 24.65 1 3.5 ]-19.89 | -2.8
3 968.1 9.93 | =11.63 | -12.3 | 34.79 3.5  |-27.82 | ~2.8

4 1290.8 - - - - - - -
5 1613.5 8.84 | =13.72 | ~13.7 | 53.80 4.6 |-45.50 | =3.7
6 1956.2 10,47 | -10.59 | -16.8 é5.78 5.9 —él.85 -5.3

7 2820,4 ~ - - - - - -




TABIE C.2 STRAINS MEASURED BY RESISTANCE STRAIN-GAUGES.
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@

SPECTMEN 1
Gauge
No. T
Toad 1 2 34 5-6 7-8 9-10 11 12
Stage
Slab ~0,027 | +0.002 | +0.005| -0.045 | +0.002 | +0.006 0 0
[Loald . * Ll [ ] * L] .
1 ~0,028 | +0.004 | +0.075| +0.067 | ~3.006 | -0.005 | +0.010 | ~0.001
2 -0,018 | +0.022 | +0.163 | +0.166 | -0.014 | ~0.005 | +0.010 | =0.010
3 ~0,070 | ~0,003 | 40,284 | +0,299 | =0,027 | ~0,012 | +0,012 | ~0.035
4 ~0.081 | ~0,003 | 40,436 | +0.460 | -0.030 | -0.019 | +0.020 | -=0.0%0
5 ~0.117 | ~0,008 | +0.584 | +0.633 | -0.035 | -0.024 | +0.030 | -0,052
6 -0.198 | ~0.106 | +0.815| +0.905 | -0.066 | -0.050 | +0.0%0 | -0.110
-0.310 | -0.,170 | +0.994| +1.553% | -0.090 | ~0.065 - -




SPECIMEN 2,
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Gauge

on No. 2 3-4 5-6 7-8 9-10 11 12

Stage

Slab -0.060 | +04034 | =0.001 | +0.035 | +0.092 | -0,002 | -0,010
1 -0.03%0 { +0.156 | +0,069 | +0,020 | +0,091 | +0.038 | +0.002
2 -0.070 | +0.331 | 40.222 | +0.054 | +0,150 | +0.075 | +0.012
3 ~0,110{ +0,444 | +0.373 | +0.056 | +0.160 | 40,082 | +0,016
4 -0.160 | +0,687 | +0.555 | +0.056 | +0.154 { +0.090 | +0,020
5 -0,220 | +0,957 | +0,769 | +0,031 | +0,130 | +0.109 | +0.028
6 ~0.253% | 41,262 { +1,023 T0.009 40,093 | +0.131 | +0,038
7 - - - - - - -
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10

SPECTMEN 2!
Gauge

Load NJ°| 1 2 34 | 56 7-8 9-10| 11 12

Stage

Slab ~0,031 | 40,005 | -0,005 | -0.041 | -0.007 | +0.041{ ~0,008 | -0.012
1 -0.018 | ~0.025 | ~0.017 | 0,027 | +0.124 | +0.100| ~ 0,045} -0.002
2 -0.025 | =0.030 | ~0.004 | -0.018 | +0.239 | +0.201 | -0.09% | -0.022
3 ~0,053 | -0.080 | +0.004 | 0,031 | +0.386 | +0,337 | 0,141 | -0,042
4 -0,065 | =0.125| +0,017 | -0.020 | +0.546 | +0.500| -0,220 | -0.07%
5 -0.081 | -0,185| +0.011 | =0.022 | +0.741 | +0.701{ -0.295 | -0.097
6 -0.035| -0,228 | +0,014 | ~-0.014 | +1.003 | +0.934| -0.440 | -0,122
7 -0.045 | -0.285| +0.014 | -0.019 | +1.295 | +1.186 | -0.660 | -0.162
8 -0,085 | =0.325| -0.029 | 0,057 | +1.900 | +1.641| -1,275 | ~0.217
9 -0.225 | =0,535| =0.164 | 0,077 | +3.013 | +2.459 | -3.375 | -0.542
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SPECIMEN 5.
Gauge
NG 1 2 3.4 | 5-6 7-8 9-10| 11 12
Stage
Slab ~0.050] -0.0%2| +0.0235| 0 | +0.007 | +0.027 | +0.008 | ~0,005
1 ~0.100| ~0.043 | +0.096| - | -0.005 | +0.023 | +0,013 | +0.005
2 ~0.170 | ~0.081 | +0.207 | +0.021 | -0.019 | -0.001 | +0.014 | +0,030
3 ~0.212 | ~0.104| +0.328 | +0.169 | -0.036 | -0.009 | +0.014 | +0.028
4 0,285 | -0.151 | +0.436 | +0.371 | =0.050 | ~-0.009 | +0.018 | -0.001
5 ~0.330 | ~0.201 | +0.606 | +0.576 | -0.063 | +0.013 | +0.035 | -0.009
6 20,405 | ~0.243 | +0.762 | +0.823 | -0.075 | +0.043 | +0.043 | ~0.010
7 ~0.580 | ~0.301 | +0.955 | +1.306 | 0,080 | +0.057 | +0.071 | =0.020




SPECIMEN 6,
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Gauge

oad No. 1 2 3-4 5-6 7-8 9-10 11 12

Stage

Slab +0.345 | +0,020{ +0,003 | -0.028 | +0.030 | +0.018 |-0.005 0
1 +0,325 | +0.015{ +0,100 | +0,215 { +0,065 | +0,035 {+0.035 | -0.005
2 +0,.106 0 +0.215| +0.340 | +0.,088 | +0,110 | +0.040 | -0.015
3 -0.105 | -0.015| +0.355 | +0.485 | +0,130 | +0.095 | +0.050 | -0,020
4 -0.240 { -0.035| +0.51% | 40,605 | +0.148 | +0.128 | +0.055 | -0,025
5 -0.330 | -0.095| +0.762 | +0.895 | +0.170 | +0.165 | +0.064 { -0.035
6 ~0.445 | -0,145 +Q.96O +1,198 | +0,195 | +0.,215 | +0.090 | ~0,015
7 -0.570 | =0.205| +1.280 | +1.515 | +0.160 | +0.260 | +0.100 | -0.025
8 - - - - - - - -
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SPECIMEN 7
Gauge
Fond No. 1 2 5-4 | 5-6 7-8 9-10 | 11 12
Stage
Slab -0.092 | +0.020{ -0,009 | -0,062 | -0.008 | +0.003 | -0.010}| -0,015
1 -0,092 | +0,079 | +0,026 | +0,070 | -0.014 | +0.006 | +0.0%2| ~0,020
2 -0.290| ~0.016 | +0.123 | +0,207 | +0.004 | +0.070 | +0.057| -0.025
3 -0.375( -0,061{ +0.268 | +0,372 | +0,033 | +0.110 | +0.077{ -0.025
4 -0.530 | -0.111 | +0.413 | +0.550 | +0,031 | +0,105 | +0,082| ~0.035
5 -0.780| -0,171 | 40,600} +0.887 | =0.034 | +0,075 | +0,102| -0.090
6




SPECIMEN 9,

263

Gauge
oo Yo 1 2 34 5-6 7-8 9-10 11 12
Stage
Slab -0,222 | -0.030| +0,015 | +0,007 | +0,011 | +0,020 | +0,005 0
1 -0,275 | -0.025| +0.073 | +0.179 | -0.004 | +0,017 | +0.,070 | +0,010
2 -0,%75 | =0.070 | 40,161 | +0.327 | -0.016 | +0.014 | +0,112 0
3 -0.520 | =0,135| +0,261 | +0.514 | =0,024 | +0.014 | +0,130 | -0.002
4 -0,645 | -0,205{ +0.391 | +0,721 | ~0.042 | +0.004 | +0,140 | -0,012
5 -0,735 1 -0.275| +0.591 | +0.988 | ~0.048 | -0,015 | +0,155| -0,020
6




SPECIMEN 12

264

Gauge
No
Load. 1 2 34 5-6 7-8 9-10 11 12
Stage
Slab ~0,026 | +0.,010} +0,025 | 0,019 +0,004 +0, 009 0 +0,006
1 -0.049 | +0,002 | +0,130 | +0,088 +0,002 +0,013 {-0,001 | +0,014
2 -0,062 { -0,010| +0,260 | +0,231 -0,007 +0,012 | -0.,029 { +0,003
3 -0.105 | =0,018 } +0,425 | +0.385 | -0,014 +0.,010 } -0.071 0
4 ~0.337 | ~0,043 | +0.627 | +0.577 | -0.024 | +0.,005 |-0.,122 | -0,009
5 -0.487 | -0,0801 +0,821 | +0,792 -0,035 | -0,004 {-0.213 0
6 -0.707 | -0,308 +1;065 +1,189 -0,059 t -0,037 - -
7 - - — - - - - -




SPECIMEN 15

265

Gauge
Toad e 1 5-4 5-6 7-8 9-10 11 12
Stage
Slab ~1.375 +0,058 | -0.037 | +0.3%338 | +0.045| +0,040 | -0.035
1 -1.955 +0,174 | 40,025 | +0.453 | +0.034 | +0.040 | -0.045
2 -2,620 +0,226 | +0.146 | +0.458 | +0.020| +0.005 | -0,080
3 —3°oio +0.373 | 40.330 | +0.43%6 | +0.018 | ~0,015 | ~0,100
4 ~3.270 +0.530 | +0,514 | +0.403 | +0,022 | -0,020 | -0.115
5 ~3.540 +0,733 | +0.726 | +0.364 | +0.030| -0.015 | 0,130
6 ~3.990 +0,990 [ +0,969 | +0.326 | +0,030| ~0.015 [ =0.160
7 ~4.,400 +1.230 | +1.241 | +0,281 | +0,024| -0,015 | -0,180
8 - - - - - - -
9 - - - - - - -




266

SPECIMEN 17
Gauge
No
Load 1 2 34 5-6 7-8 9-10 11 12
Stage
Slab -0,170 | -0.080 | -0.034 | +0.037 | +0.010 | +0.122 |+0,015 0
1 -0.225 | =0.100 | -0.068 | ~0.023 | +0.077 | +0.202 0 |-0,005
2 ~0,205 | -0,110 | -0,154 { ~0,046 | +0,188 | +0.330 | -0,020 | ~0.013
3 ~0.125 | 0,148 { =0.176 | =0.076 | +0,311 | +0.455 | ~0.040 | ~0.025
4 -0.075 | -0,200| =0.204 | 0,119 | +0.468 | +0.671 |-0,055 ]| -0.038
5 ~0,015 | =0,255| ~0,222 | =0,200 | +0.,626 | +0.945 | -0,078 | -0.075
6 ~0.015 | ~0.368 | -0.243 | =0.275 | +0.805 | +1.350 { -0.115 | ~0.165
7 ~0.115| ~0,730] ~0.337 | =0.452 | +1.053 | +1.528 | 0,538 | ~0.585
8 - - - - - - - -




SPECIMEN 20

267

~3

Gauge
NG 1 2 3-4 | 5-6 7-8 9-10| 11 12
Stage
1 ~0.480 | ~0.180 | +0.145 | +0.067 - -0,003 | +0.045 | +0.015
Slab -1.275 | -0.465 | +0.206 | +0.091 - +0.027 | -0.025 | +0.005
H ~4,168 | =0.935 | +0.144 | +0.365 - +0.058 | -0.105 | +0,005
2 ~4.810 | -0.945| +0.309 | +0.570 -~ | +0,08% |-0.115 | +0,012
3 -5,%65 | =0.990 | +0.563% | +0.867 - 4+0.078 | -0.125 | +0,010
4 - - - - - - ~ -
5 -5.885 | ~1,085| +1.118 | +1.613 - | +0.068 | -0.140 | 40,005
6 ~6,740 | ~1.360| +1.739 | +3.014 - +0,055 | ~0,155 | +0.035




STRATNS MEASURED BY DEMEC GAUGES.

-

TABLE C.3
SPECIMEN 1
Gauge
Lond No 1-14| 2-15| 3-16 | 4-17 5-18 6-19 | 7-20
Stage
Slab 0 0 +0,013 | -0.089 | -0.051 | -0,051 |~-0.0%8
1 0,013 | ~0.0%8 0 |{-0.101 | -0.089 | ~0,051 |-0,051
2 ~0.013 | -0.0%8 o |-0.177 | ~0.152 | -0.089 |-0.051
3 -0,025 | =~0,063 | -0,013 | =0.519 | -0.443 | -0,304 | -0.202
4 ~0,076 | =0.114 | =0,038 | -1.075 | =0.784 | -0.595 | -0.392
5 ~0.063 | ~0.101 | -0.038 | ~1.860 | 1,303 | -0.987 | ~0,506
6 ~0.152 | -0.481 | -0.177 - ~3.,061 | -1.670 | -0.999
1 =1.771 | -4.023 | =1.594 - - - -2.429
Gauge o
No
Toad 8-21| 9-22| 10-235| 11-24 | 12-25 | 13-26
Stage
Slab ~0.038 | 40,025 | -0.025 | +0.025 | +0.025 | +0.025
1 ~0.025 | 40,076 | +0.038 | 0,063 | +0.051 | +0.051
2 0.013 | +0.114 | +0.127 | +0.165 | +0.101 | +0.114
3 ~0.089 | +0.114 | +0.25% | 40.291 | +0.215 | +0,228
A ~0,165 | +0.089 | +0.380 | +0.443 | +0.304 | +0.329
5 0,266 | +0.114 | +0.557 | +0.645 | +0.430 | +0.468
6 ~0.,443 ] +0,177 | +0,886 | +1.189 | +0.658 | +0,638
7 <0708 | +0.354 | +1.695 | +3.238 | +1.290 | +1.214
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SPECIMEN 1 (continues)

Gauvge
) No | (A-B) (B—?) (p-E) | (B-F) 0728 29-30 | 3132
Stage (G-E) | (B-I) | (3-K) | (¥-L)
S1lab +0.025] +0,025| +0,013| +0,025 0 0 |-0.013
1 +0.051{ +0,051} +0.038| +0,051 | -0.038 | -0.051 | -0.076
2 +0.101| +0,/089 | +0,089 | +0,076 | -0.076 | -0,06% | -0.076
3 +0,190{ +0,202 | +0,089 | +0,063 | ~0.177 | -0.,114 | -0,127
4 +0,278] +0.329 | +0,101| +0.076 | -0,342 | -0,202 | -0,177
5 +0,380} +0,430| +0.165| +0.127 | -0.633% | =0,3%80 | -0,329
6 +0.582 | +0.63%{ +0,139| -0,01% | -1.214 fb.86o ~0,658
7 +1.113| 40,987 | -0.835| -0.329 | -3.314 | -2.758 | -2.100
8 - - - - - - -
Gauge
No 37 38 39 46
Load 33-34 | 35-36 | 40 41 42 47
Stage 43 44 45 48
S1ab -0.025 0 |-0.058| -0.033 | -0.015 | +0.026
1 ~0,050| -0.038 | +0.109] +0.084 | +0.109 | +0.528
\2 -0,089| -0,051 | +0.253} +0.185 | +0.261 | +0.771
3 -0.101| ~0.076 | +0.395( +0.354 | +0.412 | +1.198
4 -0.152 | ~0,114} +0.572| +0,539 | +0.633 | +1.685
5 ~0.291| -0.190| +0.835| +0.89% | +1.020 | +2.132
6 ~0.481 | 0,266 +1,316 | +1.786 | +1.880 | +2.903
7 -1,240| =1.720| 42,884 | +4.883 | +5.414 | +4.831
8
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SPECIMEN 2
Gauge
Load ¥o 1 1.4 | 2-15 | 3-16 | 4-17 5-18 | 6-19 | 7-20
Stage
S1ab +0.025 | 40,013 | -0,013 | -2.277 | -1.948 | -1.392 | -0.936
1 0 |-0.013| 0 |-2.479] -1.973 | -1.518 | ~0.961
2 0 |-0.038{ o |-4.605| -3.618 | —2.732 | -1.796
3 0,038 | ~0,076 | -0,025 | =5.768 | -4.807 | -3.618 | ~2,404
4 -0,051 | 0,076 | =0.038 | =7.033 | ~6.173 | -4.605 | -3.087
5 -0.127 1 ~0.076 | ~0.063 | -8.400 | ~T7.843 | -5.768 | -3.795
6 ~0,557 | =0,152 | =0,139 }10.955 | =10,626 | ~7.717 | ~4.984
. 7 - - -
8-21| 9-22| 10-23| 11-24 | 12-25| 13-26
Slab 0,506 | ~0.051 | +0.025 | +0.013 | +0.013 | +0.025
1 -0.481 0 +0,076 | +0,127 | +0.076 | +0,076
2 ~0.936 | ~0.127 | +0,228 | +0.304 | +0.127 | +0.152
3 ~1.265 | =0.202 | +0.380 | +0.481 | +0.253 | +0.228
4 -1.594 | ~0.253 | 40,557 | +0.708 | +0.329 | +0.329
5 ~1.973 | ~0.266 | +0.835 | +1.037 | +0.481 | +0.455
6 ~2.530 | ~0.329 | +1.290 | +1.670 | +0.708 | +0.683
7
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SPECTMEN 2 (cont.)

Gauge
o No | (A-B) | (B-¢) | (D-E) | (E-F) 0708 29-30 | 31-32
Sthaee (G-#) | (B-1) | (J-K) | (X-L)
Slab ~0,013 0 | +0.025 | +0,013 | +0.013 o |-0,025
1 +0,025 | +0,038 0 |+0.,025 | +0.025 0 | +0.013
2 +0,051 | +0,076 | -0.013 | 40,051 | +0.013 0 {-0.025
3 +0,101 | +0,101 | -0,0%8 | 40,038 | +0,038 | +0.025 | 0,025
4 +0,127 | +0.127 | -0.025 0 -0,025| -0.051 -0,051
5 +0,177 | 40,202 | ~0,025 0 -0.038{ -0.0511{-0,114
6 +0,253% | +0.228 | ~0.038 0 -0,101{ -0,127 | -0.253
7 - - - - — -— -
Gauge 6
i 37 38 39 4
Load 35-34| 35-36 | 40 41 42 a7
Stage 43 44 45 48
Slab +0,013 0 | +0,015 | +0.025 | +0,025| +0.102
1 +0,013 0 |+0.152 | +0,177 | +0.177 | +0.731
2 -0,013 | -0.038 | +0.329 | +0.329 | +0.380 | +1.218
3 ~0,01% | =0.063 { +0,531 | +0,557 | +0.557 | +1.705
4 ~0,063 | ~0.076 | +0.759 | +0.784 | +0.810 | +2.233
5 ~0,114 | -0,127 | +1.063 | +1,088 | +1.189 | +2.883
6 ~0.253 | =0.228 | +1.67¢ | +1.771 | +2.075 | +3.816
7




SPECIMEN 2°
Gauge
No
Toad 1-14 | 2-15 | 3-16 | 4-17 5-18 6-19 | T7-20
Stage
S1ab ~0.038 o |-0,025]|-0.127 | -0.101 | -0,114 | -0.013
1 ~0,101 | ~0.051| -0.089 | -0.051 | -0,165 | -0,190 | -0,139
2 ~0,127 | -0,101| -0,076 | -0.101 | -0,278 | -0,329 | -0,342
3 ~0,114 | -0,051} -0.025{ -0.215 | -0.430 | -0,531 | ~0.544
4 ~0.101 | -0.06% | -0.051 | =0.367 | ~0.645 -6.822 ~0.835
5 ~0.076 | ~0,063| ~0.025 | ~0,506 | -0,911 | -1.113 | -1.164
6 ) ~0.089 | ~0.038 -0,038 | =0.746 | ~1.278 | ~1.594 | ~1.683
7 -0,076 | ~0,038| -0,013 | -1,164 | -1.898 | ~2.353 | -2.429
8 0 -0,013 0 1,794 | =2.796 | -3.365 | =3.517
9 40,038 | ~0,013| +0.013 | 5,257 | -6.730 | ~7.717 | ~7.944
10 - - - - - - -
Gauge
Lond o 8-21 | 9-22 | 10-23 |11-24 | 12-25 | 13-26
Stage
slab 0 0 | -0.076| -0,063 0 ~0,036
1 -0,114 | -0,114}| -0.063 | -0.089 0 -0,051
2 ~0,316 | ~0,177| ~0.025| -0,063 | -0.038 | -0.013
3 -0,506 | ~0.278 o | -0.038 | +0.165 | +0.127
4 ~0,759 | 0,316 +0.025| -0,025 | +0.202 | +0,177
5 -0.999 | =0.506] +0.076 0 4+0,278 | +0,240
6 ~1,467 | -0,7461 +0,038 | ~0,013 | +0.354 | +0,354
7 22,125 | -1.088| +0.051 | +0.013 | +0.455 | +0.455
8 3,112 | -1.607| +0.063 | -0.013 | +0.595 | +0.544
9 ~7.4%8 | ~4.402| ~0.025| ~0.190 | +0.696 | +0.671
10 - - - - - -
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SPECIMEN 2! (Cont.)

Gaunge

NEIEEEE
Stage
Slab +0,013{ -0.025 o | -0,013 | -0.076 | ~0,038 | -0.076
1 +0,051| =0,023| ~0.025 0 -0,076 | -0.063 | -0,177
2 +0,089 0 | +0.025| +0,013 | -0.101 | -0.127 | -0.100
3 40.215| +0,114| +0.190| +0,165 | -0,038 | -0.038 | 0,013
4 +0.278| +0.228| +0.329| +0.255 | -0.038 | -0.038 | -0.025
5 +0,392| +0.316| +0,468] +0,367 | ~0.063 | -0.038 | -0.013
6 +0.493| +0.443| +0.772| +0.544 | -0,190 | 0,038 | ©
7 10,635 40.607| +1.057| 40,734 | -0.810 | -0,127 | -0,013
8 ) +0.7841 +0.759 +14430 +0,961 -1.619 -1,139 | -0.607
9 +1.025| +1.088 - - - - -
10 - - - - - - -
wange N 46
Lond 53-34 | 35-36 | 40 | 41 2 | 47
St 43 | 44 45 48
Slab ~0.013| +0,013| -0.167{ -0.043 | 0,101 | -0.035
1 ~0,114| -0.051| -0,152| -0,058 | ~0,127 ~0.162
2 0,070 | ~0.025| -0.084] -0.058 | -0.025 | +0.035
3 -0.051 | +0.0%8 | ~0.084| -0.051 | -0.008 +o.15é
4 ~0,051] +0,0%8 | ~0.058| ~0,051 | 0,025 | +0.250
5 ~0.01% | +0.0%8 | ~0,041| -0,033 | -0.018 | +0.351
6 o | +0.051|-0.033{ ~0.058 | -0.033 | +0.453
7 0 | 40.063 | ~0.068| ~0.094 | -0.051 | +0.542
8 ~0,076 | 40,038 | =0,101| ~0.142 | -0.084 | +0.542
9 - - - - - -

10
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SPECIMEN 5. .

Gauge . ..
ad No | "5 90 | 2013 | 3-14 | 4-15 | 5-16 | 6-17
Stage
Slab ~0,380 | =0,430 { -0.430 | -0.354 | -0.354 | -0.165

1 ~O;658 -0.784 | -0.784 -0;607 ~0.557 | =0.190

2 ~0,810 | =1,012 | -1.012 | -0.835 | -0.607 | =0,190

3 ~0.886 | -1,113 | -1.13%9 | =0.936 -0.583 ~0,202

A -0,987 -10565 -1,290 { -1,139 | -0,784 | -0.228

5 ~1.139 | -1.518 ~1.569 | ~1.417 | -1.113 -0.357

6 ~1.341 | -1.847 | -1,999 | ~1.872 —1;46-7 —0.555

7 o —1.645 2,277 | =2.555 | =2,505 | =2,024 | =0.835

8 - - - - - -

Gauﬁs (A-B)
Load 7-18 | 8-19 | 9-20 |10-21 | 11-22 | (¢ py
Stage
Slab ~0,013 | +0.013 | +0.013 | +0.013 | +0,038 | ~0,025

1 40,025 | 40,051 | +0.065 | +0.013 40,063 | 30,013

2 ~0.038 | +0.063 | +0.051 | +0.025 | +0.063 | +0.089

3 -0.025 | +0.076 | +0,013 0 +o.07é +0,177

4 ~0.013 | +0,076 -o.o7é 0 +0,114 | 40,291

5 0 |+0,101 |-0,253 | +0.013 | 40,190 | +0,418

6 +0,025 | +0,139 ;0.559 +0,013 | +0.291 | +0,544

7 +0,051 | +0,165 | =0.911 | +0.05L | +0,519 +o.ééo

8 - - - - - -
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e (8-¢) | (D-E) | (B-F) -
ggzge (1) | (3-k) | (k1) | 23724 | 25-26 | 27-28
Slab 0 +0,038 | +0.06% | +0,025 0 +0,038
1 +0.076 | +0.076| +0.177] © +0,01% | +0,063
2 +0.228 | 40,127 40,266 -0,025 | -0.013 | +0,013
3 +0,316 | +0,190 | +0.354 -o.dés -0.025 0
4 +0,430 | +0,228 | +0.481 | -0.089 | -0.076 | -0.038
5 +o°559 +0,329 +o.ézq ~0.165 | -0.139 | -0.114
6 +0,721 +o.468 +0.835 | ~0.253 | -0.291 ~0.266
7 90 +0.746 | +0.T72 | +0.974 | =0.430 | -0.443% | -0.367
.8 - - - - - -
Gauge 33 34 35 42
Loaa o | 2930 | 31-32 | 36 37 38 43
Stage 39 40 41 44
Slab +0,013 | +0.025| -0.784 | 0,076 | -0.076 | +0.102
1 -0.013 | 0,013 —1.18§ ~0.051 0 +0,508
> ~0.063 | ~0.051 | ~0.380 ~0,025 | 40,101 | +0.711
3 -0,076 | -0.063 | -0,076 | +0.101 | +0.228 +o.8§3
4 -0,114 | ~0,076 | +0,127 | +0.25% | +0,405 | +1,117
5 -0,165 | -0.101 ‘+o.386 +0.455 +o.833 +1,401
6 ~0.266 | ~0.127 +0.734 | +0.784 | +1.088 41;7887
7 -0.354 | -0.165 41.164 +1.290 | +1.898 ;2;152
8
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SPECIMEN
Gauge -
oad Yo 1-14 | 2-15 | 3-16 | 4-17 5-18 6-19 | T7-20
Stage
S1ab +0,013 | +0,051 | +0.051| =0,342 | =-0,266 | -C.202 | -0,089
1 -0.013 | -0.013 | +0,013| -0.392 | -0.278 | -0.228 | -0.1%9
2 -0.025 | -0.038 | -0,013 -0.936 ~0,708 | ~0.531 | ~0.342
3 -0.053 ~0,089 | =0,051| -1.594 | -1.189 | -0.886 ~o;533
4 -0.076 | -0,101 -0.663 -2.277 -1.570 -1.255 -0.873
5 ~0,139 | ~0.139 | ~0.127| =3.770 | =2.732 | =2,075 | =1.392
—6. -0,165| =0.,139 | -0.089| -5,060 —-3‘,“6'69 -2,783 | -1.872
T, -0.278 -0.315. ~0.139] =7.211 ] -5.313 | -3.922 ~2.606
8 - - - - - - -
Gauge B
road No 8-21 | 9-22 | 10-23 | 11-24 | 12-25 | 13-26
Stage
Slab 0,038 | +0.013 | -0,025| +0.013 | +0.025 0
1 -0,051 +o.o'6"5 +0,089 40.663 +0,089 | 40,063
2 0,152 | 40,063 | 40.139| +0.114 | 40.114 | +0.165
3 20,278 | +0.038 | +0.253 | +0.202 | +0.177 | +0.215
4 -0,418 O | +0.342 | +0.329 | +0.253 +0,304
5 -0:671 ~0.038 | +0.481| +0.455 | 40,329 | +0,392
6 -0,936 -0.653 +ooé2o +0.555 | +0.443 +0.531
7 ~1.328 | 0,114 | +0.772 +o.é§g +0,506 }0.657
8
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SPECTMEN 6 (Cont)

Gauge

N e el i R e
Stage
Slab -0.013] © 0 0 0 +0.025] 0
1 +0,025] +0.051] +0,038 | -0.013| +0.025] =+0,038| O
2 +0,127| +0.101 +o.663 -0.013{ -0.013| -0,013| -0.025
3" +0.1%9{ +0.139{ +0,089| -0.013| =-0,013| -0.013] -0,0%8
4 +0,202 | +0.202| +0.101| © -0.076 -0.063 -0.076
5 +0,253| +0.253| +0.114 | +0.038 | ~0.114 | -0,228 | -0.228
¢ 40,291 | 40.316| 40,114 | 40,051 | -0.215| -0.430 | -0.418"
7 +0.316 +o.§67 40,139 | +0.038 | «0,253 | =1,240 | -1.290
8 - - - - - - -
Gange 37 | 38 39 46
Toad 33-34 | 35-36 ig ﬁ ﬁ g
Stage
Slab +0,013| O -0.025| © 0 +0,020
1 0 -0,013| +0,127 { +0.101 | +0,127 | +0,751
2 ~0,038 | -0.038 | +0.228 | +0.202 | +0.278 | +1.117
3 ~0.051 | -0.076 | +0.354 | +0.329 | +0.430 | +1.543
4 0,114 | ~0.089 | 40506 | 10,481 | 40.607 | +2.050
5 20,253 | ~0.177 | +0.759 | 40.708 | +0.936 +2.séé
-6- -~0.430 | =0,342 | +0,987 | +1.012 | +1.214 | +3.634
7 —1.532 ~1.151 | +1.442 | +1.594 | +1.973 +5.1ié
8
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SPECIMEN T

Gavge .
rond o 1-14 | 2-15 | 3-16 | 4-17 5-18 6-19 | 720
Stage ‘
Slab 0 0 +0.025| -0.354 | -0.253 | -0,177 |-0.101
1 +0,013 | +0.013 | +0,051| -0,329 | -0.215 | -0.089 |-0.025
2 ~0.013 | +0,013 | 40,051 | -2.657 | -2.024 | -1,442 -o.9§é
3 -0,190{ -0,025 | +0,025| -4.605 | -3,441 | -2.505 -1.619
4 —0.607 -0.380 | -0.063{ =7.211 | -5.313 | -3.719 {-2.328
5 -2.454 | -1.619 -0.567 -13.890 -9.é9o ~é.300 -5.594
6 - - 0 - - | - -
Gavge
No -
Load. 8~21 9-22 |10-23 | 11-24 12-25 13-26
Stage
Slab -0.038 | +0.051 | -0.025( -0.013 | -0.013 | -0.025
1 40,076 | +0.139 | +0.152| 40.127 | +0.152 | +0.177
2 ~0,430 | +0.013 | +0.354 +o.2€6 +o;ééé 10,291
3 -0.784 | =0,076 | +0.658| +0,481 | +0.418 | +40.44%
4 ~1.113 ] -0.101 | +1.290] 40.759 | +0.620 | +0.708
5 S1.619 | ~0.127 | 43.643| +1.366 | +1.%66 | +1.467
6
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SPECTMEN 7 (Cont. )

Gauge
N
Stage -

S1ab +0.013| +0,013 | +0.025] o© 0 -0.025| o
1 0,190 +0,089 | 40.051 | 40,013 | -0.013 0 -0,013
2 +0.240| +0,114 | 40,038 | +0.013 [ ~0.013 | -0,025 | ~0.038
3 +0.304 +o.16»5 +0,038 | 40,013 | -0.025 | -0.076 -0.07'6
4 +0.380 | +0.278 | +0.025| 40.013 | -0.076 | -0.215 | -0.215
5 40,551 0,645 | ~0.025| 40,013 | ~0.152 | ~0.696 | ~0.822
6 - ~ - - - - -

Cauge | oz | e 39 46
Load 5334 | 35-36 | 40 | a1 2| a
Staze 43 44 45 48 .

Slab 40,025 | +0,013 | ~0.025 | ~0,043 | +0.043 | +0.041
1 0 o | +0.127] +0.152 | +0.177 ¥o.7§2
2 ~0.051] -0.038 +o'.32§ +0.455 | +0.430 | +1.421
3 ~0.1271 ~0.089 | +0.5%1 | +0.961 | +0.810 | +1.969
4 —0.230| 0,114 | +0.961 | +1.999 | +1.594 | +2.619
5 ~0.569 | -0.228 | +2.100| +5.338 | +3.795 | +3.979
6 - - - - - -




+0.607

SPECIMEN 9
Gauge

Loan Not .34 | 2-15 | 316 | 4-17 5-18 6-19 | 7420

Stage

Slab ~0.025| -0.013| -0.025| -1.442 | -1.139 | -0.860 | 0,582
1 -0.076| =0.025| -0,025| -1.493 | -1.164 | -0.886 | -0.582
2 ~0.101] -0.013| -0.015| ~2.581 | -2.049 | -1.543 | -1.012
3 ~0.114| 0.025| ~0.025 | ~4.023 | -3.188 | -2.429 | -1.569
4 20,190 -0.025| ~0.025| =5.515 | -4.352 | -3.289 | -2.151
5 ~0.506 | ~0.051| =0.076 | ~7.514 | -5.844 | -4.402 | -2.884
6 - - - - - - -

Gauge ..

oo O 1 | o922 | 1023 |11-24 | 1225 | 13-26

Stage

Slab ~0.304| -0.051| o 0 +0.013 | -0.025
1 ~0.304 | ~0.051 | 40.063 | +0.076 | +0.076 | +0.076
2 ~0.531| -0,089 | 40,139 | +0.190 | +0.139 | +0.101
3 -0.860 | ~0.152 | +0.253 | +0.354 | +0.215 | +0.177
A 1139 | 20,190 | +0.405 | +0.582 | +0.316 | +0.177
5 ~1.543 | -0.253 40,987 | +0.418 | +0.405
6

-
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Gauge
o NoJ (A-B) | (B-C) | (p-E) | (B-F) 27-28 | 29-30 | 31-%2
Stase (G-8) | (B-1I) | (J-K) | (X-I)
Slab 0 0 +0.038 | -0,038 { +0,013 o | +0.025
1 +0,038 | +0.038| 40,038 { 0,038 | +0.025 0 0
2 +0.076 | +0,101{ +0,051 | -0,025| +0,013 | -0.,038 -0.638
3 +0,127 | 40,152 | +0.063 | -0.038 | ~0.013 | -0.051 | ~0.051
4 +0.177 | +0.177] +0.063| ~0.038 | -0.038 | -0.139 | -0.101
5 +0,215 | 40,240 +0.063 | -0.038 | -0.063 | -0.291 | ~0.240
6 - - - - - - -
Gauge :
No ' 37 38 39 - 46
Toad, 33-34 | 35-36 40 41 42 47
Stage o 43 44 45 48
slab 0 |-0.013| -0.025| o +0.025 | +0.081
1 ~0.013 | -0,025 | +0.101 | +0.101 | +0.152 | +3.491
2 ~0.025 | =0.051 | +0,228 | 4+0.253 | +0.329 | +4.405 |
3 ~0.063 | ~0.063 | +0,354 | +0.405 | +0.506 | +5.623
4 ~0.101 | ~0.089 | +0.506 | +0.582 | +0.835 | +7.105
5 -0.177 | =0,152 | +0.734 | +0.936 | +1.518 | +9.886
6
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Gauge .
a0 | 1-14 | 2415 | 3-16 | 4-17 | 5-187| 6-19 | 7-20
Stage
Slab 0,013 | -0.038| -0.025| ~0.228 | -0.165 | -0.076 | ~0.076
1 ~0.013 | -0.038 | -0.013| ~0.278 | ~0.189 | -0.063 | -0.063
2 ~0.025 | ~0.063 | -0.025| -0.445 | -0.288 | -0.127 | -0.089
3 0,063 | 0,076 | 0,038 | -1.354 | -0.974 | -0,582 | -0,405
4 ~0.076 | ~0.114 | ~0.076| ~3.061| -2.328 | -1.569 | ~0.987
5 ~0.139 | ~0.089 | ~0.051| -5.161| -3.896 | -2.707 | ~1.746
6 ~0.164 | ~0.025| -0.114] -9.639 -7.413 | -5.288 | -3.314
7 - - - - - - -
Gauge .

oo 0| 821 | 9-22 | 10-23 | 11-24 | 12-25 | 13-26

Stage

S1ab 0,013 | +0.051 | -0.013| +0.025 | -0.013| o
1 10,025 | +0.089 | +0.038 | +0.089 | +0.089 | +0.076
2 +0.038 | +0,102 | 40,139 | +0.228 | +0.114 | +0.152
3 ~0.065 | 0,152 | +0.253| +0.367 | +0.215 | +0.228
4 ~0,430 | 40,089 +6.430 +0.544 { +0,291 | +0.316
5 -0,784 +O.O76A +0.683 1 +0,797 | +0.380 | +0.468
6 1,594 | -0,139 | +0.911| +0.923 | +0.342 | +0.392
7
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SPECTMEN 12 (Gont)
Cange

foan No | (&-B) | (B-c) | (D-E) | (E-F) 27-28 | 29-30 |31-32

Stage (G-m) | (8-1) | (3-K) |(k-L)

Slab +0,025 | ~0.025 | +0.013 | © +0.013 | ~0.013 |+0,013
1 -0.025| 0o | +40.051{-0.025 | ~0.013 | -0.038 |-0.025
2 ~0.013 | +0.051 | 40.051 | ~0.0%8 | ~0.063 | ~0.076 |-0.076
3 +0,01% | 40.076 | +0,013 | =0,025 | -0.102 | -0.102 {-0.114
4 +0.063 | +0.102 | 40,038 | ~0,051 | -0.089 | -0.190 |-0.215
5 10,089 | 40,126 | 40,038 | +0.013 | -0.159 | -0.354 |-0.354
6 —0.278 | 40.253 | +0.051 | 40,013 | -0.746 | ~3.669 |-3.542
7 , - ; - - i ;

Gange 37 | 38 39 46

Lons 5534 |35-36 | 40 | & 13 47

ool 55 | M| 45 48

Slab +0.025 | 40,038 | -0.018 | © 0,008 | +0.075
1 ~-0.025 | -0,013 | 40,344 | +0.210 | +0.140 | 40.838
2 20,063 | ~0.089 | 40,455 | +0.286 | +0.261 | +1.224
3 _0.102 | ~0.076 | +0.691 | +0.445 | +0.412 | +1.659
A ~0.152 | =0.025 | +1.002 40,622 | +0.683 | 42172
5 —0.278 | ~0.364 | +1.179 | +0.911 | +0.961 | +2.275
6 ~4.225 | ~2.467 | +1.594 | +1.796 | +1.576 | +4.527
7

—
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SPECIMEN 15
Gauge

s Yol q.34 | 2-15 | 316 | 4-17 5-18 | 6-19 | 7-20

Stage

S1ab ~0,0%8 | 0 |+0.013|-11.815| -9.437 | -7.236| -5.111
1 0,038 | 0 |+40.013|-16.318 | -12.979 | ~9.968| ~6.958
2 -0.051| -0.013 | 0 |-19.709 | ~15.635 |-11.916| -8.349
3 0,076 | -0.038 | ~0.025|~22,821 | ~18.115 |-13.839] -9.639
4 ~0.076 | =0.038 | =0.038 |~24.971 | ~19.759 |-14.927|-10,474
5 20089 | =0.063 | ~0.063|-27.400 | -21.682 | -16.496|-11.486
6 ~0.101 | ~0.063 | ~0.076|~29.930 | ~23.580 |-17.938|-12.422
7 ~0.101 | ~0.101 | ~0.101 |~32.966 | ~25.882 |-19.608]-13.561
8 - - - - - - -

Gauge .

o U0 | 821 | 9-22 [10-23 | 11-24 | 1225 | 1326

Stage

S1ab ~2.960 | -0.886 | +0.013| o0 0,013 | -0.013
1 -3.922 | -1.012 | +0.076| +0.051 | +0.051 | o
2 4,706 | ~1.214 | $0,127] +0.101 | +0.076 | +0.025
3 ~5.440 | =1.417 | +0.253] +0.202 | +0.152 | +0.051
4 5,895 | ~1.569 | +0.380| +0.304 | +0.228 | +0.127
5 6,452 | ~1.746 | 40,506 +0.430 | +0.278 | +0.202
6 7,008 | =1.872 | +0.633| +0.607 | +0.3%80 | +0.253
7 ~7.590 | =1.999 | +0.835| +0.810 | +0.455 | +0.354
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Gavge

SN R R

Stage

Slab -0,013| -0.038} +0.127| © -0.025 0 -0.013
1 +0.03%8| -0,013| +0.177| +0.025| -0.076 | +0.013]| -~0.013
2 +0,076 | +0.025] +0.,202} +0,025 | -0,089 0 -0,025
3 +0,101| +0,038] +0.,177| +0.013 | ~0.139| -0.051 -o.oé;
4 40,152 | +0.063| +0.177] -0.013 | -0.177| -0.089| -0.127
5 +0,202 | 40,101} 40,177 -0.025 | -0,228 | -0.152| -0.228
-6 +0.253 | +0.127] +0.152 | 0,038 —0.266 -0.291 | -0,367
7 +0,278 | +0.177| +0.152| -0,051 | -0,316 | -0.493| -0.633
8 - - - - - - -
9 - - - - - - -

Gange 57 | 38 39 46

Toad 33-34 | 35-36 40 41 42 47

Stage 43 44 45 48

Slab 0 0 -0.051| © +0,051 | +0.386
1 +0,013 { ~0,013 | +0.025 | +0.101 | 40,228 | +1.320
2 +0,013 | -0.013 | +@.127 | +0.253 | +0.380 | +1.624
3 ~0,013 { -0,038 '+o.253 £0.455 | +0.557 | +1.989
4 -0,025 | =0.051 | +0.455 | +0.658 | +0.734 | +2.294
5 —0.076 -0,089 | +0.633 | +0.886 | +0.961 | +2.598
6 -0,101 | -0.139 | +0.835 | 41.189 | +1.214 | +2.944
7 ~0,202 | -0,266 | +1.113 | +1.594 +1.§é9 +3.350
8 - - - - -
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SPECIMEN 17
Gange

road No 9 94 | 2-15 | 3-16 | 4-17 5-18 6-19 | 7-20

Stage

51ab 0.013 | 40,013 [ 0  |-1.746 | -l.442 | -1.113|-0.759
1 ~0.0%8 | +0.013 | o |-1.847 | -1.518 _1.164 | ~0.810
2 0,051 | 40.015 | 40,013 | -2.024 | -1.6905 | -1.341 | -1.022
3 0,051 | +0.025 | +0.025 | ~1.771 | -1.543 | -1.316 | ~1.088
4 0,051 | 40,025 | 40,038 | ~1.543 | -1.467 1,366 | ~1.214
5 —0.051 | 40,025 | +0.051 | ~1.366 | ~1.467 | -1.518 | -1.518
6 ~0.076 | +0.013 40063 | -1.265 | -1.569 | -1.872 | -2.100
i 0,065 | 40,013 | 40.127 | ~1.341 | -2.505 | -3.744 | ~4.883
8 - - - - - - -

Gauge _

Load Nol g01 | 922 |10.23 | 11-24 | 12-25 | 13-26

Stage

S1ab ~0.430 | -0.101 | -0.013| o0 _0.013| o©
1 ~0.455 | -0,101 | 40,013 | 40.013 | +0.025 | +0.025
2 ~0.633 | ~0.177 | +0.013 | +0.025 | +0.101 | +0.076
3 -0,759 | -0.278 | 0,013 | +0.051 | +0.152 +o.1§9
4 ~1.012 | ~0.430 | 0,076 | +0.051 | 40.190 | +0.165
5 1501 | —0.502 | ~0.190 | +0.076 | +0.266 | +0.228
6 2.206| ~1.065 | -0.253 | +0.076 | 40.316 | +0.316
7 -56870 | ~4.453 | -0.506 | +0,076 +0.5oé +0.455 g
8
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SPEGIMEN 17 (Cont.)

287

Javge | 37 38 39 46
Load *{ 27-28 | 29-30 | 31-32 | 33-34 [ 35-36 40 41 42 47
St 43 44 45 48
a0
Slab 0 0 +0,013 0 +0.013 | -0,228 0 -0,025 0
1 0 +0,025 | +0,013% +b.013 +0,025| -0.380 1 -0.,025] -0.033 -0,026
2 0 +0,025 | +0,013 | +0,025| +0,038 | -0,481 | -0.076]| -0,051 | -0, 041
% 0 +0.025 | 40,013 | +0.025 | 40,025 | -0,557 | -0.101} -0,076 | -0.041
4 0 +0,0251 0 +0,025 | +0,025| -0,63% | -0.127| -0,127 { -0,026
5 0 +0,025 0 +0.038 | +0.025 | -0,784 | -0.202 | -0,177 | =0.041
6 0 +0,038 0 +0,051 | +0.038 | -1.316 | -0,278| 0,288 { 0,041
7 +0.051] +0.0%8 | -0,051 | 0,051 | +0.025 | -3.,517 | -0.557| -0.329 | 0,061
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SPECIMEN 20
Gauge
Loan Nol 5 14| 2-15 | 316 4-17 5-18 | 6-19 | 7-20
Stage
1 ~0,025| ~0,026| -0.026| -5.819| =~4.680| =~3.617| -2.454
Slab ~0,012| -0.001| -0.026|-14.674 | -11.789| -8.981| ~6.198
H _0.063| ~0.013 | ~0.051|-26.666 | ~21.505 | ~16.394 |-11.4%6
2 ~0.0%8| ~0,038 -0.063 ~28.,640 | ~23.048 | ~17.533 |-12.220
3 ~0.051| -0,051] ~0.076|~30.61% | =24.592 | =18.646 1-12.979
4 - - - - - - -
5 ~0.089| -0,076 | -0,114|-33.497 ~26.818 ~20,265 |~14.092
6 ~0,177| =0.202| =0,139]|-42.681 | ~33.978 | =25.477 |-17.685
7 - - - - - - -
Gauge
Lond No | go1 | 9-220 |10-23 | 1124 | 12-25 | 13-26
Stage
1 -1.316 | =0,253 | +0,329| +0.076 | +0.051 | +0,051
S1ab 3,467 | ~0.784 | +0.516 | 40,089 | -0.026 | +0.064
i -6.578 | -1.847 | +0.481} +0,152 | +0.038 | +0.038
2 —7¢608 ~1,898 | +0,582 | +0,25% | +0.063 | +0.089
3 ~Te388 | <1973 | +0.759 | 0,367 | +0.127 | +0.177
4 - - - - - -
5 ~7.944 | 2,100 | +1,088 | 40.658 | +0.278 | +0.354
6 ~9.968 | -2.657 | +1.670 | +1.088 | +0.44% | +0.582
7 - - - - - -




Gauge

NEEEEEEE
Stage
1 +0.038] 0 | +0.089| +0.038 | +0.025 | +0.01% | +0.038
Slab 10,051 | -0.025| +0.178} +0.076 | o 40,038 | +0.076
H 40,013 -0,101 1} +0,114{ +0.063 +0,025 { +0G.03%38 1} +0,101
2 +0,038| -0.114 | +0.139| +0.089 | +0.038 | +0.025| +0.076
3 40.063| ~0.089 | +0.139| +0.101 | +0.038 | -0.013 | +0.051
4 - - - | - - - -
5 +0.139| +0.025 | +0.152| +0.089 | +0.076 | -0.076 | ~0.025
6 40.190| +0,063 | 40,101 40,076 | +0.139 | -0.266 | -0.228
7 - - - - - - —
Gauge S I 39 46
oo | m33a | 3536 | 20 | oa | a2 | a7
Loal i3 | w4 | 5 | 8
1 +0.038| +0,013 | +0.026 | +0.102 | +0.152 | +0.690
Slab +0,051 | +0.026 | +0.001| 40,102 | +0.177 | +0.893
" +0.051] 0 | +0.380| +0,304 | +0.380 | +1.198
2 +0.025| -0.013 | +0.557| +0.430 | +0.531 | +1.380
3 0 | -0.025| +0.810| +0.734 | +0.708 | +1.726
4 - —~ - - -— —
5 ~-0,051[ -0,076 | +1.493| +0.9%6 | +1.063 | +2.%75
6 ~0.202| -0.278 | +2.808 | +1.619 | +1.619 | +3.570

-3
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APPENDIX D. CHARACTERISTIC OF STRESS FUNCTION IN THE FLOOR PART OF THE

The assumption of linear variation of strength value in the floor part
produces a stress function which is a parabola of 3rdorder. This function

is expressed in chapter six in the following form:

- , .
-?E'll' = _AuB + Bll2 + Cu + :D ¢ e ¢ 8 & & a4 2 & & ¢ 9 6 Q(Dal)
£ .
where
w o= '§ (u varies between O and 1) “ |
A o= (1-u)GE, -5
W a 1
- - - - - \2
B = =~ [2 (1 - p)(ea - el) (1 - el) + (sa - el)]
¢C = 2(€a~51)(1-51)-(1—11.)(2-51)51
- -2
D = (2 g =~ & )
s F! ‘
Since = T < 1 A is always + Ve.

Various forms of expression (D;l), when A is + ve, are shown in Fig. D.1.
The position of extremums of this function depends on the signs and values
of Ea and El‘ For the purpose of investigation of extremum points the first
derivative of the function must be investigated:

. 1 :
u 2 :
"f‘;) == 3 ,A, n + 2 Bu. -+ C - L T e e e N I T Y (D02)

Extremums are found by equating expression (D.2) to O, Thus

2 2B C
u +—3K'u +-3K = 0 gives extremums
2 ‘
w = 22 s\ /B _C
32 3A 9A2 3A

The various cases may be studied by considering all possible & and
a

81 values.

I. ) E >0 €1< 0 (Pig. D.2)
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,B.

In this case B < 0, =~ -ﬁ- >0 and C > O always.
. _B o
If "3 = P and T R

- 2
2(1 - 'I»L)(Ea = El)(l = El) + (Ea = El)

P =
31 - w)(E, - £;)°

It
] [
N
o
t
o1
et
+
—
|
-

1 a
l-¢
—l > 1
e -F
On the other hand, since p<1 - d :_L 3 > 1 hence the part of P in

brackets is bigger than 3 and thus P > 1.

a. If R>P2

ul, 5 = P + P ~R )
Since there are no real roots, hence no extremum points. Maximum stress value
for the region concerned corresponds to u = 1. Stress distribution is shown

in Fig. D.2a.

b, If PP >R

et X = ¥ - R (O<Kl< P)

it

uy P—K1>O

u, = P+ K1 > 1
Since u, > Uy U, corregponds to minimmm and u  to maximum. Since
1
v == P~ K'_L may have the values less than 1 or more than 1 +two possible

stress distributions are shown in Figs. D.2b and D.2c.



Ce P2 = R

Yo = P

If second derivative of the function is investigated

SRR )
(}'——') = 6 Au + 2B
£
for 3 B _ P ( du)" = O Thence
v T fo
for u= P there is an inflextion point and no extremum points exist.

Since P> 1 stress distribution is as shown in Fig. D.2b.
II. Ea > 0, 51 > 0, (EaL - 'él) >0 (Fig. D.3)

In this case P > 1 always.

a. If C >0
Since B < O always, this case is identical to that discussed in (I).

b If C <O

R< 0 always hence \/P° -~ R >P
LetK2 P~ - R

o= P—K2<O

u, }?+K2 >P

In the floor region under consideration, there is no extremum point and

i

I

the stress distribution is as shown in Fig. D.3.

III. &, = & >0
In this case A = B = 0 hence
-;3 = Cu + D
£

~-Stress distribution is shown in Fig. D.h
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W, e, >0 g, >0 (ea-el)<0

In this case € < 0 always.

a. TIf B < 0, this case is identical to that in (II-Db).

X

b If B >0

Pes 0 always. Hence

u1 = P—K2<O
u, = P+K2>O

Only minimum can be in the region concerned. Hence two possible stress
distributions corresponding to U, > 1 and to 0 < u2< 1 are shown
in Figs. D.5% and D.5b respectively.

V. e < 0 - &, > 0
a 1

In this case € < 0 always. Therefore this case is identical to that
in (IV). ’
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(a) | (b) (c)

4FlG.D.2 STRESS DISTRIBUTIONS IN FLOOR

PART WHEN €4>0 £7< 0

Ak
S

FIG.D.3 STRESS DISTRIBUTION IN FLOOR
PART WHEN £€a=>€1>0
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FIG.D.4 STRESS DISTRIBUTION IN FLOOR
PART WHEN £q= &

€a V/I£1 €q|/+!£1
ﬁq ‘/’d] dq l\—*/]CT

(a) { b)

F16.D.5 STRESS DISTRIBUTIONS IN FLOOR

PART WHEN €1 =Eq>0
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APPENDIX E., REDUCTION OF 0y AND B, VALUES

In paragraph (6.5.5) oy and ] values are given for different cases.

Calculations leading to those formulae are given below.

The stress function is F(u) = Au’ + Bu® + Cu + D where

A

=

S (D) G, - 5
2 (w-1) Gu-5) @-5) - G, -5
(p=-1) (@5 -57) +2(E, -5) @-5)

- -2
(2 € - 81 )

1 P P
7 +3B+3 .+ D

e

-3 G- G-+ 26 -1 (G -5 a-5) -

G -5 +5 (G -1) (@8 -5) + (5 ~5,) (L-5)+

- -2
(281 - )

2
-1 -2 - - = = ee =2 —
e [“5(% S 2egey ey )8 (5, - 8 meE 8y )"6(281"812)]

12 o= =2 = o e -2 _0o
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