
When 6
2 
and E

1 
is known 6a can be found. • 
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ga 	+ ( 62 -) 1 

 

(6'22) 

 

  

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

  

E2 	622 

E
11 

i 	(1 	1 . . . . 1) 
1  

Or 

	

61 
	

1 
	i 	(i = 1,. . . . 1) 	 (6.23) 

Ea from (6.22) 

b) Failure starts at inner face: 

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

In this case E 

	

E2 	= 	1 
22 i 	(i = 1 - 1, . 	. . 0) ......... (6024) 

Za  from (6.22) 

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

0 

Cl = 611 

If Z2 is absolute value 

h nA  
6
2 n A 1 

n  h  
A — - 1 

A 	6
1 

n  h 

2 = (1 - m/n) 61 

 

(6  25) 

 

'E'a 
from (6.22) 
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6.11.6 Variations of strain distribution when E22is  maximum and E11 

is minimum  

a) Failure starts at outer face: 

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

Here again 72 	£22 

1 from (6.21) 

a• from (6.22) 

During this process if £a exceeds 	calculations continue as aa 
described in case 1A and then in case 11T., Otherwise case 2 is the normal 

continuation of calculations. 

Case 2. Joint completely under compression (Fig.6.21b) 

E2 r E22 

1• from (6.23) 

a 
from (6.22) 

If E
aa exceede4calculations 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 E
a 
= 	. as 

Since during the process of changing E
12_ 6a may not take the exact 

value of Ems, El which corresp 

C
a 
- E2r From equation (6.22) el  _ 	

1 	hence - r 

- 22r  

  

(6  26) 

 

1 - r 

  

   

onds E22  and Eaa  must be calculated. 

If x1 is the value of x when E1 E! 
1 

• - 	171=  h 	
xi 

xl  

	

67. 	
or if 	— = 

22 	 xi 

el 
X1 722 

(6.27) 



x1 
In x1 there are k = A

— divisions. 

x1 	 7. 
k = 	. 	naR 

A 	77 = 1  

Thus variation of Z1 continues in this remaining k division. 

n A  
Ea 

or 
a - n A 

   

r n/ 
n/m

M  ca  (n = k . . . 0) 

 

(6  28) 

 

E
2 
corresponding aI is 

Ea  - 1  (1-r) 
- 

  

(6  2 9 ) 

  

Case IB. Joint completely under compression (Fig.6.21d) 

aa 

61  from (6.23) 

from (6.29) 

After completing this case, case 3 calculations start. 

Case 2A. Joint completely under compression (Fig.6.21e) 

E
a 
	aa 

For similar reasons to those in case 1A, 

• 74.  is calculated from (6.26) 

The number of variations already completed in case 2 is 

k = 	1 
	

hence 
Eli 
Ell i 	(i = k + 1, 	. . . 1) 	(6  30) 
1 

E2  from (6.29) 

151+ 
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b) Failure starts at inner face 

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

E11 

To apply a regular variation in E2  a k value must be obtained 

here again. 

If Ac 711 
1 k 

last E2  

AE 
hence 

.E2 
g22 

i 	(i = k, . . . . 0) 
1 

 

(6  31) 

 

-6-8,  from (6.22) 
• 

Cage 4. Joint partly under zero stress at outer side (Fig.6.21g) 

= 73.1 

2  from (6.25) 

Ea  from (6.22) 

6.11.7 .Variations of strain distributions when Eaa  is maximum and E22  

is minimum.  

a) Failure starts at outer face 

Case 1. Joint partly under zero stress at inner side (Fog.6.22a) 

72 = 722 

El  from (6.21) 

Ea  from (6.22) 

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

72 
	722 



During the variation maximum value of 71  will be 722  but unit 

strain is chosen as --- of E11 that is, 1 

611 	22 
AE = 	and 	k = 

1 	 AE 

eventually 
Ell 

Cl = J7. 1  

Za  from (6.22) 

(i = 1, . . . . k) 	(6  32) 

b) Failure starts at in-situ floor interface 

Case 3. Joint completely under compression (Fig. 6.22c) 

In this case in the strain distribution a  can have 622  as it s 

maximum value since in-situ concrete zone failure starts at that point. 

thus, 

7a = 722 

El  from (6.30) 

7,2  from (6.29) 

After completing this case, if E2  falls into negative zone, 

calculations are continued as described in case 5A. 

c) Failure starts at inner face 

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

last E2  
AC 	1 	 AS 

-E72  from (6.31) 

Ea  from (6.22) 

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

71 = 711 

E2  from (6.25) 

Ea from (6.22) 

156 

722 

40 
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• 

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

This case is involved only if last 62  calculated in case 3 is a 

negative value. 

= 

If x1 is the value of x corresponding last 
	

during case 3 

calculations: 

hl 
 = x 1 

711  
Cl - £2 

In x1 there are k = x1- m divisions, thus 

2 . 	(1 - m/n)Ti 	(n 	= 	k 	I, • • • • 1) • • • • (6.33) 

"Ea 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) 

6a 
= 

T2  from (6.24) 

To identify this case for later use 71  is given a value bigger than 
1, say 71  = 2 

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

Ea =  622 

h - a 

	

1

• 

7 -71  r 
	hence A 	7 

k 	m (1 - r) 

If 62 is absolute value 

£2 
h-a-nA 

n A 
1 - r - n/m Ea n/m £a 

	

n/m + r 	(n 	= 	k 	1, • • • 1) • • • 	(6.34) 

	

n/m 	6a 

▪ 2 



k a 
A 

el = n/m r k -1, . . . 1) . . 	. . (6035) 
n/m 
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6.11.9 Variation of strain distribution when floor only carries the load. 

Case 1. Floor partly under zero stress at inner side (Fig.2.24a) 

a 
	eaa 

or k = mr 

If El  is absolute value 

n A 	n/M  
Cl = - 	

- 
a - nA 	Ea 	r n/m 	

e
a 	

hence 

E
2 

= 2 

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

a 	as 

E 	. 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 pO-Ssible-and already used by some systems. This type of joint 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) 

E
a 
	eaa 

11/in  
n/m - 1 (n = m-1 ,  . . . . o) . . . . (6.36) 

= 2 

Case 2. Joint completely under compression (Fig.6.25b) 

6 Ea 	aa 

El  from (6.23) 

6 
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b) Failure starts at inner face 

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

61 = 611 

Ea  = 	a
1
a . 

(1 	= 	1 - 1, . . . 0) ..... (6.37) 

72 2 

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

1 = 711 

7a  = (1 - m/n) E1 	(n = m 1,  • • 	1) ..... (6.38) 

E2 	2 

6.12 a ip VALUES FOR ASSUMED STRAIN DISTRIBUTIONS 

a2  and 132  formulae were taken from A.K. de Groot and A.C. Van Riel.(10) 

and signs and 6 values were replaced with those used here where necessary. 

6.12.1. 0 < 72  / 2 7a, c 0 71<0 (Fig.6.26a) 

a2 	72  (1 - 	2) 3 	62  .. 6a  

0 

  

(6  39) 

  

4 - 62 	62  
P2 = 0.5  - 12 - 4 s2  

62 6a 

pal  - 0 

 

(6  40) 

 

6.12.2. 0<72 	2 Ea  > 0 El< 0 (Fig.6.26b) 1--  
• 

a2 	( 	+) 	2  + 72 7a IF "g2  ) a 	3 ( 72 	 a 	(6.41) 

al  from equation (6.13) 

(72 - 7a)(2  - 62 - 

  

(6   42 ) P2 = 	12 a2 

pl  from equation (6.14) 

   

   

   

6.12.3. 0 	72 -y4 2 7a => 0 	71  > 0 (Fig.6.26c) 

a2 	72  + a  - ( 72  + 2  7a  + 62) 2  (6  43) 



a, from equation (6.10) 

( 72 	7a)(2 	Ta) 
P2 12 a2 

(6  44) 

160 

P1 from equation (6.11) 

6.12.4. E2 <0 	a  > 0 
	

0 < 73..  2 (Fig.6.26d) 

C. 

a2 (1 - 	) 	a 
3 a 6 - e a 	. 2 

a1 from equation (6.10) 

P 	
4 - Ea 	Ea 

2 

6.12.5. 	
2 < 0 	Ea  < 0 	El> 0 

12 - 4 Ea 	Ea 
pi  from equation (6.11) 

(6  45) 

- 0.5 	(6  46) 

(Fig. 6.26e) 

a2 = 0 

al  from equation (6.16) 

P2 = 0 

pi  from equation (6.17) 

6.12.6. 	c2 	> 0 	71  = 2 (Fig.6.26f) 

El 	2 identifies cases where in-situ only carries the load. 

a2  from equation (6.41) 

al  = 0  

182  from equation (6.42) 

0 
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6.12.7. 2 	0 	Ea  > 0 El 	2 	(Fig.6.26g) 

a2  from equation (6.45) 

al = 0 

p2  from equation (6.46) 

Rl 	0 

6.12.8. E2  = 2 	Ea  > 0 	
0 	(Fig.6.26h) 

E2 
= 2 identifies case where floor only carries the load. 

a2 	0 

a1 from equation (6.13) 

132 = ° 

pl  from equation (6.14) 

6.12.9. 2 	2 	Ta  > 0 
	

0 
	

(Fig.6.261) 

a2 	0 

a
1 
 from equation (6.10) 

02 	0 

pi  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.6.270 

N1. 	N1  N2  
1 

X = Ne 

Separately calculated N1  and N2 are 

N1 
	al  b a ff 	N2 	a2  b 	- a) fs  
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As earlier mentioned 

h 
Nu.  

a - b U hence 
W 

 

a2  b(h 	j a)f. + a1 
 ba f

f 
b h U

w 

= 	a2 (1 r) j 	al x F  

Moment about I-I axis is: 

Na x2s2 Nisi 

- a  
= 	N2(11- 	2 	-I- e2) 	N1 	I- el)  

N (- + -a  + e + N (- + e ) a 
2 2 2 	1 2 1 

On the other hand: 

Nu h Ml 	Nu 
Ai 
 + e) = 2 	+ Nu e 

Nu2 h - + X 
	

hence 

Nu h 

2 

a = N2 Ai a + + e2) + N-1  (+ el) - 	7 + N2 v 

a h 
= N2 	e2)  + N1 (2--  2  + e1) 

To put this equation into dimentionless form: 

OX 

M  

b h2 Uw 

a2  b(h - a) fj(2 + e2) + a/ba ff 	- 

b b U 

el)  

 

If notation used for this ratio is ?mom': 

+ al r 	
r -1 + 

17)  mom 	= 	a2  (1 - r) J 	+ e 
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Since e2 = p2 (h - a) and el 
	131 a 

mom = 	a2(1 r) j 	P2 (1  - r)  - 	r) 

   

(648) 

   

Eccentricity as a ratio is: 

• Mibh2Ula  

h - p 

X4 
mom 
a 

 

(6  49) 

 

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 

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. 

Eccentricity 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 2 for these values were extrapolated from additional 

eccentricities measured during the last few stages of loading. 
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TABLE 6.2. TEST RESULTS AND CALCULATED VALUES. 

TEST RESULTS CALCULATED 
VALUES REMARKS 

SPEC 
NO. 

Average 
failure 
stres 

N mm2 

Ratio of 
eccen-
tric

h
ity 

a n an. 

N 	2 /mm 

a 
Position of 
failure 

e
s a = 

w 

1 14,86 0.308 +0.207 15.43 0.320 In-situ concrete 

2 14.86 0.338 +0.194 16.57 0.377 il 	,, 

21  21.23 0.448 -0.179 20.96 0.443 Upper wall 

3 12.10 0.255 +0.193 14.31 0,302 In-situ concrete 

31  21.23 0.522 -0.175 17.82 0.396 Bottom Wall 

4 16.52 0.359 +0.198 17.45 0.379 In-situ concrete 

5 18.45 0.384 +0.193 18.89 0.393 ,I 	I' 

6 16.62 0.358 +0.187 17.64 0.380 In-situ, dry-pack 
upper wall 

7 12.23 0.264 +0.201 12.82 0.277 In-situ concrete 

8 21.23 0.450 -0.178 22.93 0.486 Both walls 

9 12.46 0.253 +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 +0.196 20.48 0.411 11 	II 

15 19.11 0.399 +0.155 20.85 0.435 As T12 

16 22.99 0.461 -0.144 22.36 0.448 Bottom wall 

17 17.01 0,368 -0.175 18.96 0.410 II 	
II 
	 • 

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 it 	II 

20 18.55 0.388 +0.243 17.87 0.373 It 	II 

21 16.07 0.840 +0.013 15.92 0,832 As T12 
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TA_136J ILL.E 	TEST RESULT 6 AND CALCULATED VALUES 

Test Results 
Calculated 
Values 

Spec. 
No. 

an a e 
h 

n  a a 
N/mm2 NAM2 

1 21.23 0.445 +0.164 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 30.03 0.702 

7 23.35 0.499 -0.164 20.88 0.447 

TABTP 6.4 TEST RESULT (2) AND CALCULATED VALUES.  

Test Results Calculated 
Values Remarks 

Spec. 
No. 

an 
N/mm2 

a e 
h 

an 
N/mm2  

a Position of 
Failure 

Al 20.61 0.525 -0.050 27.50 0.700 Wall end
(  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 0.592 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 - 

A7 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 

B1 18.00 0.391 -0.150 23.28 0.506 Instability 
failure. 

B2 16.25 0.340 -0.180 21.48 0.460 Mid section of 
wall 

B3 16.73 0.357 -0.185 21.29 0.454 Instability 
failure . 

34 - -20.24 0.425 -0.050- -3-1,04 ---- 0.6-50 Mortar 

S 
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itiLZLOULM.. A OF THE COMPUTER PROGRAMME 

MAIN ROUTINE 

CALCULATE THE VALUES 

OF WIJ,T and F' 

V 

CALCULATE ..Z 2 ' Zaa . 
and E11  

v 
COMPARE and FIND THE 

MAX. and MIN. of I22 

-E.aa and  111 

CALL CASE3 

CALL INCASE. 

 

A to 5 

• 
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SUBROUTINE CASE1 

This subroutine evolves strain distributions for the cases where EEta is 

maximum and:11 is minimum. 

Ormi,) 

2 

DETERMINE 71 and CALCU-
LATE CORRESPONDING a 

CALL CCNP 1 

CONTINUE UNTIL THE 
LOOP IS SATISFIED 

V  
DETERMINE E„::2 

and CALCU- 

LATE CORRESPONDING 2 a 

CALL COPT 

V  
CONTINUE UNTIL THE 
.LOOP IS SATISFIED 

I  RETURN I 

S 



DETERMINE 61  and CALCU-
LATE CORRESPONDING Za 

CONTINUE UNTIL THE 
LOOP IS SATISFIED 

-EarEaa 

V 
DETERMINE 1 and CALCU- 
LATE CORRESPONDING 72 

CAT,T, COMP 

=611 

DETERMINE E2 and CAlell-

LATE CORRESPONDING a  

CONTINUE UNTIL TEE 
LOOP IS SATISFIED 

168 

SUBROUTINE CASE2 

This subroutine evolves strain distributions for the ,cases where E22 is 
maximum and:11 is minimum. 

E'R)  

LCALL COMP 

CONTINUE mum THE 
LOOP IS SATISFIED 

I RETUP3I 

I 



CONTINUE UNTIL UE 
LOOP IS SATISFIED 

C'i 

DEThEMINE 2 and CALCU-

LATE CORRESPONDING "g 

CALL COMP 

V 
CONTINUE UNTIL TUE 
LOOP IS SATISFIED URN  
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SUBROUTINE CASES 

This subroutine evolves strain distributions for the cases whereelzt is maximum and Z.22 is minimum. 

(Efi TER) 

DETERMINE £1  and CALCU- 

LATE CORRESPONDING 
a 

1 CALL CUT I 

CONTINUE UNTIL THE 
LOOP IS SATISFIED 

Via._ 

DETERMINE £ and CALCU.. 

LATE CORRESPONDING E2 

0  
CALL COMP 



(MET)  

CALL COMP 

CONTINUE UNTIL 
LOOP IS SATTSFIED 

V  
CALL COPT I 

CONTINUE UNTIL TEE 
LOOP IS SATISFIED 

Eta 

- 2.0 2-  

CHANGE E.  

CHANGE a 
as POSITIVE 

I CALL COMP 

CONTINUE UNTIL THE 
LOOP IS SATISFIED 

V  
1 .-tETURN 

CHANGE c 
 

as NEGATIVE 
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SUBROUTINE CASEk 

This subroutine evolves strain distributions for the cases where r=1.0 i.e 

floor is fully penetrated into the joint. 
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S 
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SUBROUTINE INCASE 

This subroutine evolves strain distributions for checking the load carrying 

capacity of the in-situ or floor concretes when the joint starts to fail in 

weaker adjacent part. 

(TER) 

InAtsitu  

-61= 2.0  
a 22 

= 

CHANGE 

CALL COMP 

CONTINUE UNTIL THE 
LOOP IS SATISFIED 

Ft voor 

a
= Caa 

= 2.0 

CHANGE *E.  

CALL COMP 

CONTINUE UNTIL THE 
LOOP IS SATISFIED 

V  
RETURN I 



SUBROUTINE COMP 

This subroutine calculates and writes the-a mom and p values. 

(Errm)  

p.=F 	I 

CALCULATE a p a 2' 21  I 
and f3  by CHECKING 

the VALUES of 1 1, 
Ea and 

V 

• 

172 

CALCULATE a and mom 

MO 

WRITE almom and p 

V 
RETURN 
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FIG.6.1 ASSUMED STRESS-STRAIN 
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u 

FIG.6.2 VARIATION OF STRESS-STRAIN 

CURVES IN FLOOR CONCRETE 
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Cm 
ax= 	6he  

Cn 
	 A=cross section area 

FIG.6.3 MAXIMUM COMPRESSIVE STRESS 

IN LINEAR STRESS DISTRIBUTION 

0 

• 
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F IG.6.5 TWO COMPONENTS 	F IG.6.6 VARIATION OF FLOOR 
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x 

stress distribution 
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Ea 
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STRAIN DISTRIBUTIONS 

STRESS DISTRIBUTIONS 

( a ) 
	

( b) 
	

c•) 

FIG.6.8 THREE BASIC TYPES OF STRAIN DISTRI-

BUTIONS IN FLOOR PART OF JOINT 

C 

a) in-situ concrete is weaker 	b) wall concrete is weaker 

than wall concrete 
	 than in-situ concrete 

FIG, 6.9 VALUES OF 622 
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a) floor concrete is weaker than 	b) wall concrete is weaker than 

watt concrete 	 floor concrete 

FIG.6.10 VALUES OF Eau 

• 

611: -Eu 
	

in 
	

Eu 

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

than wall concrete 	 than floor concrete 

FIG.6.11 VALUES OF Ell 

• 



( b ) 
Et= Et*,  
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( d ) 
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Et. 4 Eta. 

  

  

   

Evi Eli 

(a ) 

EA.= E2.2. 

a 4  h - a h-a j,  a  

• ( a ) 

) 

e L<E2.2. 
E1 -.- E t, 

Ec5zeu 

Et< 

• 

tz--1 €2. 

a 1,h-a 
• 

( c ) 
ezz 

EL EIR 

( b ) 

E.t.< 

<0 
h-a j, a /1,  	h-a 	/1, a I,  

(a) 

EL< ° 

h-a 	I  h -a 	a 1, 

E $7:- Eit 

EL<0 

 

El rO 

•1/  

   

E2.‘ 0 

h a  J'  a  }  
j,  h-a 	a 

 

h - a h - a 

   

   

       

FIG.6.12 STRAIN DISTRIBUTIONS WHEN E.n <E22‘ Caa 

FIG.6.13 STRAIN DISTRIBUTIONS WHEN En «aa‘E22 

d ) 
	 ( e ) 

FIG16.14 STRAIN DISTRIBUTIONS WHEN E22 < E11 4. Eaa 

• 



18© 

b ) ( a ) 

Eaa' Ea L1 (Eii 
Eaa 

Li ‘O stress distribu-
tion a 	 a 	1, 

floor slab 

a 
Jr'  

FIG.6.15 DEEP PENET-

RATIONS OF FLOOR 

in-situ 
concrete 

h -a la 

F1G.6.16 TWO BASIC ST RAIN DISTRI-

BUTION TYPES CONSIDERED IF ON-

LY FLOOR PART CARRIES THE LOAD 

     

 

E2<E22 

   

    

 

stress distribu-
ti on 

 

h-a 

  

    

• 

    

      

FIG.6.18 TWO BASIC STRAIN DISTRI-

BUTION TYPES CONSIDERED IF ON-

LY IN SITU PART CARRIES THE LOAD 

FIG.6.17 SHORT PENET-

RATIONS OF FLOOR 

     

 

h 	3211 
4.14 

E2 

 

E.1 

   

    

 

n 4.1  
h 

 

h 

c 

  

    

FIG.6.19 SYSTEMATIC VARIATION OF ST RAIN DISTRIBUTION 



62 
+ 

E2 E22 

(a) 

h  

( b ) 

1' 

if 

no 

• 

h  

( a ) 

El 

h J,  4h-aj, a i  JP-aj, a  

( b) 
	

( c ) 
	

( d ) 

E2=E22 

  

  

,i- 

62 Ect=E-aa 

El 

( b ) 

FIG.6.20 STRAIN DISTRIBUTION CASES WHEN eaa is max., 	is min. 

         

E2 

      

Ei`ert 

       

  

h  
f ) 

    

       

FIG.6.21 STRAIN DISTRIBUT ION CASES WHEN e22 is max e11 is min. 

'2-  E22 

(a) 

i 822 	 Ere€22 

+ 	
E2  

Ei 	+ 	Ei 	 • 

h L  j, h —a I a), 	j, 	ti.  if 

( c ) 	 ( d ) 

	

EfEli 	 E1= E11 

E 	 E2 	X  }  

k h 	k  k 	h 	
1' 

( e ) 	 ( f ) 

FIG. 6.22 	STRAIN DISTRIBUTION CASES WHEN &act  is max., £22  is min. 

• 



E 	Ea: ECM Ec1=E22 

X 

182 N  

£2 

Ea=Eaa 

E.1 

h — a h — a a a 

( a) ( b ) ( a ) ( b ) 

FIG.6.23 STRAIN DISTRIBUTION FIG.6.24 	STRAIN DISTRIBUTION 

CASES WHEN IN SITU PART 
	

CASES WHEN FLOOR PART 

ONLY CARRIES THE LOAD 
	

ONLY CARRIES THE LOAD .  

Ea= Ea Ea= Eaa 

 

   

   

    

h 1 

     

S 	 ( a ) 
	

( b ) 

Ea + E1= E11 Ei=an 

    

   

h 

 

     

a 

  

( d ) 

 

FIG.6.25 STRAIN DISTRIBUTION CASES WHEN r=1.0 



C2 

h— a  1, a  

(c ) 

Ea 

STRESSES 

(b) ( a ) 

183 

STRAINS 

ifh- a  4, 	a h—a 

+ Ea  

Ni 

a 1,  /1/  

STRESSES 

( e ) ( f ) 

h—a 	a1, 

d ) 

N2  

h— a a 

Ea 	+ 	
El 

	

L 	 
a 	 

	 N1 

• 
	 STRAINS 

• 

STRESSES 

( 9 ) 
	

( h ) 

F1G.6.26 CLASSIFIED CASES FOR 0,(,13 CAL- 
CULATIONS 



ft oor slab 

in-situ con- 
crete 

wall bt ock 

dry-packing  

watt block• 

h 

g 
0 
a  

o 	• 	• 
. • , 

„ 4 

Nu  
e 

N2 
	e2 	e 1 

(h-‘1)/2}  

1 s2  

h/2 	I, 	h/2  

(h-a )  a 

I 

184 

FIG.6.27 THE VERTICAL LOAD ACTING ON 

THE JOINT AND ITS COMPONENTS 



185 

• 

-. 
/ 

/ 

/ 
p 

0 
0 

/ 

0 
/ / / 

f- 7' 

/ 
/ 

A 
A o 

- 
- °10 15 / 

/ 

/ 
/ 

a 
0 ° 

0 
0 
// 

/ 

/ / 
/ 

L 

/ 

/ 0O /
4%) 

/ 

z 
15 

/ 
/ 

/ 

/ 

0 
/ /o 

60/  
/ 	0 

/ 

- 
/ 
/ 

/ 

0 
0 

 
/o 

/ 
/ 

/ 

/ 

. 

_ 

I /__ 

/ 
/ 

/ 
/ 

I 

/ 

1 I I_ I 1 

KEY 

o 	TEST SERIES II 

LI TESTS BY WARD 

FIG.6.28 COMPARISON OF OBSERVED AND 

CALCULATED AVERAGE COMPRES-

SIVE STRESSES AT FAILURE_ 

24 

23 

22 

21 

20 

19 
CNI 

E 18 
E 

Z 17 

w 16 

ti) I°  15 

14 

13 
• 

12 

11 

10 
10 	11 	12 	13 	14 	15 	16 	17 	18 	19 2 0 	21 	2 2 23 24 

CALCULATED ( N/ mm2  ) 



186 

CHAPTER SEVEN 

DESIGN CHARTS TO CALCULATE THE LOADBEARING CAPACITY 

OF HORIZONTAL JOINTS  

7.1 USE OF DESIGN CHARTS. 

Generally there are two kinds of problem in the design of sections. 

1. Ultimate 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 solutions are achieved after some trials. For this 

reason especially for eccentrically loaded cross-sections, design charts 

are found extremely useful. 

In conventional constructions only one parameter is involved as far 

as concrete is concerned. But 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 

joints can be checked easily and'quickly. 

However, as mentioned before, possibilities are theoretically un-

limited. Yet, it is possible to limit the number of design charts by 

practical considerations. In the following paragraphs these practical 

considerations 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 a values which are defined in chapter six as ultimate loads 

in dimensionless forms can be plotted against -e-  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 EIGHT 

SIMPLWIED FORMULAE FOR PRACTICAL APPLICATION 

8.1. PULL-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 put 

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 

as 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: 

Pu = 	(48 + 0.7 1P2) (0.6 on + 1.1 ftu) 	(81) 

In this expression the first part, i.e. 

X = 48 1p + 0.7 1p2 

is a second degree function of 1p. 

In Fig. 8.1 this function is plotted for values of 1p 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 1p . 60 mm, and 1p . 125 mm 

with reasonably small errors. Thus a linear function of 1p 

Y- 	170 1p - 5000 

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

The limits set for 1p are also probable limit values for practical 

209 

cases. 
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It must be remembered that to obtain X the value of D used was 

in millimetres. For this reason, 1p too must be in millimetres. Thus, 
. function Y has the dimension of (mm2). To avoid confusion, strength 

and stress values, i.e. on and ftu should be calculated in N/mm
2
. 

Hence the formula 

Pu  . (0.1701p - 5000) (0.6 an + 1.1 ftu) 

which will produce results in Newtons or 

Pu 
	(0.17 1p 	5) (0.6 an + 1,1 ftu) 	

 (8.3) 

which will produce results in kNs can be obtained. 

For eccentrically loaded joints the formula is 

Pu 	= 	(0.17 1p - 5) (0.6 an 	1.1 ftu) (1 - 1.1 197) . . .(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 

reasonable estimations of pull-out resistance. 

Since pull-out resistance formulae 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 

Pu . 0.8 (0.17 1p - 5) (0.6 an + 1.1 ftu) 

for joints under concentric load and 

P 	= 	0.8 (0.17 1p - 5) (0.6 an + 1.1 ftu) (1 - 1.1 -.1e1) 

for joints under eccentric load. Hence, 

Pu 	(0.14 1p - 4) (006  an + 1.1 ftu) 	(8  5) 

P 	= 	(0.14 1p - 4) (006 an + 1.1 ftu)"  h) . . . . (8.6) 

(8 2) 

6 
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• 

can be used for actual joints. It must be remembered from chapter four 

that the results obtained from these formulae would be conservative for 

the cases where vertical load is heavy. For other extreme cases slipping 

resistance will be the critical case. 

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 chapter a method of approximation which reduces the family of 

curves given in chapter seven to two simplified formulae, is described by 

examples and resultant formulae are given. 

8.2.1. Cases Chosen for example  

To describe the method, the case in which in-situ 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 penetration 

ratios r = 0.5, 0.4, 0.3, 0.2 and 0.1 in Figs. 7.10, 7.11, 7.12, 7.13, and 

7.14 respectively. 

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

tion ratios. 

8.2.2. Approximation of curves  

First step in the application of the method is to approximate the design 

curves by replacing them with straight lines. In Fig.8.4 this procedure is 

shown for two curves. Since a curve which corresponds to a certain strength 

ratio actually consists of two curves meeting at the peak point; two lines 

will approximate these two curves. In the examples here lines are drawn 

always on the safe side. 

If the co-ordinates of the new peak points are 	, ao  we may obtain 
o 

linear a functions of 7- in terms of the co-ordinates of At, E or AtIF. If n 
ordinates of A'E and All' are defined as a1 and a2 respectively: 

  

- 0.5 
hence 

   

a
o 	- 0.5 
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S 

0 

\-/ 

ao  ( - 0.5) and similarly 

- 0.5 	" 

 

(8 7) 

 

a 
a2 	= 	(=:. A. 0.5) 	(8.8) 

$0  + 

o 

0.5 " 
are obtained. 

8.2.3. ao, $0  functions 

The peak points At, Bt ... etc. in fact do not lie on a certain 

curve. But if their co-ordinates are marked as a function of T2 it will 

be seen that reasonable linear ao and (1)o  functions can be obtained. h  
Furthermore for the values of T2 between 0.4 and 1.0, this function can 

be obtained almost without any approximation. 
In Table 8.1 $0, and ao values are given for the cases under 

consideration. In Fig.8.5, ao  and $0  values are plotted for the joint' 

where r = 0.5 and fitting  lines are shown. From the figure ao  and $0  

functions have been obtained as: 

ao = 0,350 T2  0.350 

= 0.240 T2  - 0.260 

TABU'. 8.1 ao  and $0  VALUES 

r . 0.5 r . 0.4 r . 0.3 
T2 ao (f-)o ao (le7..)o ao (2-) h 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 
0.7 
0.6 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 
T2 r. = 0.2 r . 0.1 
1.2 0.743 0.012 ' 0.741 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 
0.7 
0.6 0.527 -0.059 0.497 -0.030 

0.5 0.470 -0.085 0.442 -0.044 
0.4 0.435 -0.108 0.398 -0.057 
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Similarly, 

ao  = 0.345 T2 + 0.355 

= 0.220 T2  - 0.245 
	

(for r = 0.4) 

aO = 

(h) o = 

a = 

0.400 T2  + 0.285 

0.200 T2 - 0.220 

0.405 T2  + 0.270 

(for r = 0.3) 

= 0.170 T2  - 0.175 	(for r = 0.2) 

a
C = 0.430 T2  + 0.230 

• 

. 0.100 T2  - 0.100 

can be obtained. 

8.2.4. al' a2 functions 

(for r = 0.1) 

    

If ao and (h)0  are substituted in expressions (8.7) and (8.8) by the 

functions obtained above al  and a2  functions can be obtained in terms of 

T2 and h  -9- 

al  

for r = 

a1 

a2 

. 	Hence 

0.4 

= 

forr = 0.5 

0.350 T2  + 0.550 
- 0.5) 

+ 0.5) h 

(2. - 0.5) h 

q- 	0.5) 	 

= 1.458  2  ( 0.5). (8.10) 

(8 11) 

(812) 

0.240 T2 - 0.760 

0.350 T2  + 0.350 

0.240 T2 + 0.240 

0.345 T2  + 0.355 
0.220 T2 - 0.745 

0.345 T2  + 0.355 
0.220 T2 + 0.255 

• 
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for r = 0.3 

0.400 T2  + 0.285 

0.200 T2 - 0.720 h - 0.5)  

0.400 T2  + 0.285 
a2 . 	

+ 0.5) 0.200 T2 + 0.280 h 

for r' = 0.2 

0.405 T2  + 0.270 

a1 	0.170 T2 - 0.675 (h 0.5)  

0.405 T2  + 0.270 

0.170 T2 + 0.325 
(h,+ 0.5)  

and for r = 0.1 

0.430 T2  + 0.230 
a   ( 	0.5) 1 	0.100 T2 - 0.600 

0.400 T2  + 0.230 
a2  = 0.100 T2 + 0.400 h + 0.5)  

8.2.5. Simplification of a1, a2  functions 

a functions, in general, are in the following forms: 

al = K(T2) 	0.5) 

a2 	L(T2) (f7.  + 0.5) 

(8 13) 

(8  14) 

(8 
 15 

(8  16) 

(8  17) 

(8  18) 

where K and L are the functions of T2 as given above. In Table 8.2 

K values and in Table 8.3 L values 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 K functions can be replaced by a single 

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

tained: 
• 

K(T2) 	= -(T2  + 0.3) 	 (8  19) 
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I 

TABLE 8.2 
	

K(T2
) VALUES 

T2 
r = 0.5 0.4 0.3 0.2 0.1 

0.4 -0.738 -0.750 -0.695 -0.712 -0.718 

0.5 -0.820 -0.831 -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 -1.222 -1.217 -1.194 -1.216 -1.210 

1,0 -1.348 -1.333 -1.317 -1.337 -1.320 

TABLE 8.3 L(T2) VALUES 

T
2 

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 1.313 1.201 1.061 

0.7 1.458 1.458 1.345 1.247 1.130 

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 

A 
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From Fig.8.7 it can be seen that L(T2) functions can also be trans- 

formed into linear expressions. 	L(T2) has already been found constant for 

r = 0.5 in expression (8.10). 	In Fig. 8.7 other four linearisations are 
Shown. 	These lines can be epxressed in the follwoing forms: 

a) 	r = 0.4 
L(T2) = 0.05 T2  + 1.42 (8  20) 

b) r = 0.3 

L(T2) = 0.31 T2  + 1.13 (8  21) 

c) r=0.2 

L(T2) = 0.42 T2  + 0.95 (8  22) 

d) r = 0.1 

L(T2) = 0.68 T2  + 0.65 (8  23) 

8.2.6. Simplified al  and a2  formulae 

If linear approximations of K(T2) and L(T2) 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) 	r 	0.5 - 

al  = (T2  + 0.3) (0.5 - 	 (8  24) 

a2  = 	1.458 (0.5 + 	 (8  25) 

b) r = 0.4 
al  = (T2 	0.3) (0.5 - 	 (8 26)  

a2  = (0.05 T2  + 1.42) (0.5 + 	 (8 27)  

c) r = 0.3 
al  = (T2  + 0.3) (0.5 - f-3) 	 (8 28)  

a2  = (0.31 T2  + 1.13) (0.5 + 	 (8 29)  

d) r = 0.2 
al  = (T2  + 0.3) (0.5 - tel.) 	 (8  30)  

a2  = (0.42 T2  + 0.95)  (0.5 + 19:1) 	  (8  31)  

e) r = 0.1 
al  = (T2  + 0.3) (0.5 - te) 	 (8 32)  
a2  = (0.68 T2  + 0.65) (0.5 + Te17) 

	 (8 33)  
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The limits for application of al  or a2  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 -1-1: than those given in this table al  formulae are to be used. 

TABTR 8.4 

Limit — values for a1  and a2 formulae 

T2 r = 0.5 0.4 0.3 0.2 0.1 

0.4 -0.094 -0.093 -0.088 -0.073 -0.042 

0.5 -0.079 -0.078 -0.073 -0.060 -0.035 
0.6-0.7 -0.060 -0.059 -0.055 -0.044 -0.025 

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 a1 is used. 

8.3. COMPARISON OF TEST RESULTS WITH THE CALCULATED VALUES  

In general simplified formulae developed in this chapter are applicable 

to the second series 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 SIMPTP, 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 analyses. 

In a linear stress distribution the value of maximum compressive stress 

is: 

a = 	a
n  (1+ 6 2-) 



218 

It is assumed that when maximum stress value reaches the strength value of 

the weakest component ultimate load is reached. Hence 

on (1 + 6 fi) 

where f = KU as described in chapter six. Therefore: 

KU = 	a
n 
 (1 6 fi 

If stress values are nondimensionalised by dividing Uw, and since a = an/Uw: 

Ku 
uw 

a 

= a (1 A- 6 T7-1) hence 

 

KU  

uw(). 61-7) 

 

(8.34) 

 

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 part of the joint. In these cases U = Uw  

and K = K
w 

0.9 as described in chapter six. Therefore 

0 
a 	

.9 	
(8   35) 

(1 + 6 2-) 

This formula is applicable for all values of eccentricity between + 0.5 and 

- 0.5 but always absolute value of e should 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. Design charts given in 

chapter seven may be used as a guide. 

e 
a) When h — .,- 0 failure should be expected in in-situ concrete. In these 

cases U = U., K = K. and K. values are determined according to 
J 	J 	J 

U 

U  

U 	U. 
T 	u. 5 - - — 2/: values. Since TU-- = T2 

J 	J 	w 

K. T 
__.12._ a = 
(1 + 62) 

(a  36) 
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TABLE 8.5 ESTIMATED VALUES OF TEST SERIES II WITH SIMPLIFIED FORMULAE 

• ............. 	• 

   

Test 
No. 

Strength Ratios 

r 
e 
h 

Calculated Observed 

T
1 

T
2 

T 
3 

a 

Average 
Failure 
Stress 

N/mm
2 

Average 
Failure 
Stress 

N/mm
2 

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 40.194 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 -40.193 0.319 15.11 12.10 

3' 1.476 0.864 1.0 0.131 -0.175 0.402 18.09 21.23 

4 1.619 0.943 1.0 0.262 4-0.198 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.o 0.262 -0.178 0.503 23.74 21.23 

10 1.032 0.979 1.0 0.131 +0.187 0.00 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.o 0.262 +0.196 0.399 19.88 20.91 

15 1.465 0.948 1.o 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 

18 1.783 0.874 1.0 0.262 +0.215 0.335 15.92 19.01 

19 1.729 0.856 1.0 0.262 +0.220 0.324 15.71 19.06 

20 1.608 1.087 1.0 0.262 +0.243 0.356 17.03 18.55 

21 4.134 1.376 1.0 0.262 +0.013 0.816 15.62 16.07 

a 
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K. 	values are: 

T
5  

2.2 = 0.8 

2.2‹:T
5  

3.0 1.0 

T
5  

3.0 K
a  

=, 1.1 

b) When 2 < - 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 0 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). 

TABTR 8.6 ESTIMATED VALUES OF 'PESTS CARRTRD OUT BY WARD (6) WITH SIMPLIFIED 

FORMULAE  

Test 
No 

Strength Ratios 

r e 
h 

1 	Calculated Observed 

T1 T2 T 
3 a  

Average 
Failure 
Stress 

N/mm2  

Average 
Failure 
Stress 

N/mm2  

1 1.121 0.898 

H
  
H

 
H

 H
  H

  H
  H

 

• 

• 	
• 	

• 	
• 	

• 	
•

  
0

 
0

 
0

 
0

 
0

 
0

 
0

 

0.197 +0.164 0.403 19.20 21.23 

2 1.145 0.927 0.131 +0.164 0.412 19.64 21.23 

3 0.822 0.778 0.195 +0.164 0.362 16.91 14.86 

4 0.885 0.871 0.195 +0.164 0.393 18.36 20.55 
5 1.358 0.702 0.195 +0.164 0.337 14.75 16.68 

6 1.408 0.793 0.195 0 0.547 23.40 39.77 
7 0.855 0.840 0.195 -0.164 0.438 20.45 23.35 
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CHAPTER NINE  . 

CONCLUSIONS  

9.1 PULL-OUT JESTS WITH MONOLITHIC BLOCKS  

The resistance of monolithic concrete blocks against the pull-aut, 

forces transferred by loop ties is influenced by the penetration length, 

bend diameter of the loop, the magnitude and eccentricity of the load 

acting on 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 characteristics of the loop. 

When small diameter bars were used usually bond failures were developed in 

slabs. It was observed that 40 x diameter bond length, which is usually 

considered as safe, did not provide the required bond resistance when the 

steel yielded. Ordinary end hooks did not seem to provide any additional 

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 steel, special care has 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 the P group of tests. Tests PL1  and 

PL2 indicated that a loop spacing of 300 mm provides sufficient spacing for 

each loop to work independently. 

9.2. PULL-OUT 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 the case of monolithic blocks. According to test 

results, approximately for the ten top storeys of a building this reduction 

in strength should 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 load would not be large 

enough to produce the required frictional resistance, joints should be designed 

to provide additional shear resistance. 

9.3. FORMULAE THAT ESTIMATE PULL-OUT RESISTANCE  

Formulae 4.6 and 4.7 developed by the idealization of failure mode and 

by some simplified assumptions and also by the introduction 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. But 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. 
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II. 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. 

III. 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. Lugez (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. 

IV. 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. 

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

able influences on the results obtained. 

• VI. It was observed that floor concrete strength increased inside the 

joint due to the restraining effect. 

VII. Moments of the end of wall panels were accompanied by relative rota-

tions between walls and the rest of the joint. M - 0 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. 

VIII. The end of floor slab also 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 II. 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 

strengths 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 seen 

that the joint failure of A
7 

was closely estimated and the other specimens 

failed in the mid-height of the wall before the load reached the estimated 

joint strength value. 

Therefore, it was concluded that the proposed method could be used with 

sufficient accuracy in the design of joints. Design charts were produced by 

using 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 critical as far as 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 (8.24 to 8.33) obtained by simplification of the design 

charts given in chapter seven were found satisfactory 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 values 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 

evidence, hence a more detailed, experimental work is necessary-. 

The contribution of dowels, loops or some other special detailing 

such as castellations etc. to shear strength in horizontal plane, must 

be established. 

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 specimens manufactured with deliberate errors 

and poor workmanship. 

Compression tests with specimens having floor slabs with nibbed ends 

should be carried out. 

Analytical method developed for external joints can be extended to 

internal joints and its validity for this case should also be proved. 

ts 



235 

REFERENCES  

1. TBARMARATNAMIK., 'Structural Behaviour of External Horizontal Joints 

in Large Panel Buildingsl iPh.D.Thesis,University of London,1972. 

2. SAKTHIKUMARIS., 'The Stability of External Walls in Panel Construc-

tion', Ph.D.ThesisiUniversity of London,1973. 

3. International Recommendations for the Design and Construction of 

Large-panel Structures, Translation No.13 1C.and C.A.,1967. 

4. Addendum No.1(1970) to British Standart Code of Practice CP116:1965 

and CP116:Part 2:1969. 'Large-panel Structures and Structural Connec-

tions in Precast Concrete'. 

5. BERNARDER., 'An Investigation of Bond by means of Strain Measurments 

in High-tensile Bars Embedded in Long Clyndirical Pull-out Specimens', 

RITRM Symposium on Bond and Crack Formation in Reinforced Concrete, 

Stockholm,19571Vol.1,page 203-220. 

6. WARDIK., 'M.Phil.Thesis to be submitted to the London University'. 

7. BAKERIA.L.L. and YUIC.W., 'Research to Investigate the Strength of 

Floor-to-outside wall Joints in Precast Concrete', D.O.E. C.I.R.I.A 

Seminar, 'The Stability of Precast Concrete Structures/,March 1973. 

8. HENCLEWSKIIT., 'Method Simplifie de Calcul des Joints Plats', C.I.B 

International Symposium on Bearing WallsiWarsaw ,June 1969. 

9. LUGEZ,J. and ZARZYCKI,A., 'Influence des Joints Horizontaux sur la 

Resistance des Element Pr4fabriqu4s de Murs Porteurs'IChaiers du Centre 

Scientifique et Technique du Batiment iNo.103,0ctober 1969,Chaier 900, 

pp 31.(Technical translation by P.ReganICiv.Eng.Dept lImperil College, 

1971) 

10. De GROOT,A.K. and van RIEL,A.C., 'De Stabiliteit van Kolomnen en 

Wanden van Ongewapend Betonl iHeronlJaargang 15 No.3/4,19671pp 65-112. 

11. LEWICKI,B., 'Building with Large Prefabricates',Elsevier Publishing 

CompanylLondon11966. 

12. LUGEZ,J., Influence de Joints Horizontaux sur la Resistance des 

Element Prefabriques de Murs Porteurs',Chaiers du Centre Scientifique 

et Technique du Batiment,No.110,June 1970,Chaier 961 pp 38. 

13. POGORZELSKI,A. and ZIETENIEWSKI,S., 'Method of Computing the Load-

bearing Capacity of Horizontal Joints'IC.I.B International Symposium 

on Bearing Walls,Warsaw,June 1969. 

14. PUMEID., 'Bearing Capacity of Joints Between Wall. Panels and Floor 

Slabs',C.I.B International Symposium on Bearing Walls,Warsaw,June 1969. 



236 

15. SEBESTY'EN,G., 'Large-panel Buildingsl lAkademia Kiaddr,Publishing 

House of the Hungarian Academy of Science,Budapest,1965. 

16. Draft British Code of Practice for the Structural Use of Concrete,1970. 

17. NSWMAN,J.B., 'Deformation and BehaviouriFailure Mechanisms and Design 

Criteria for Concretes Under Combinations of StressI lPh.D.Thesis, 

University of London11973. 

18. NELISSEN,L.J.M., 'Twee-assig Onderzoek van Grindbeton',Ph.D. Thesis, 

University of Delft,1970. 

19. MAST,R.F., 'Auxiliary Reinforcement in Concrete Connections', Proc. 

Am.Soc.Civ.Engrs.,June 1968 94(No.ST6),March 1969 95(ST3),November 

1969 95(No.ST11). 

20. HANSEN,K. and OLFSEN,S.O., 'Failure Load and Failure Mechanism of 

Keyed Shear Joints.Test Results II',Danish Building Research Institute 

Report 69/22,June 1969. 

21. HANSEN,H., 'Mortar Joints Between Concrete Elements in Shear Walls', 

Norwegian Building Institute Report 58,1967. 

22. CZIESIELSKI,E., 'The Calculation of Walls of Large Area Slab Cons-

truction which are Joined Together into a Large Panel made up of 

Individual Walls',Die Bautechnik lMarch 1966 43(No.3). 

23. POMMERET,M. and SOUBRETIR., 'Le Contreventement des BatimentS 

Prdfabriques par Grand Panneaux',Annales-Institut Technique du 

Batiment et des Travaux Publics No.222,June 1966,681 to 684. 

24. POMMERET,M., 'Joints Verticaux Organises entre Grands Panneaux 

Coplanairesl iAnnales-Institut Technique du Batiment et des Travaux 

Publics No.258,June 1969,997 to 999. 

25. BACKTRRIA.P.,BAYLIK1M. and DILLIM.J., 'Local Behaviour of Shear 

Transfer and Compression yransferl iCIRIA Report 45,Part I, 

SEN,H.K.,MALEWSKI,P.D.A. and BAYLIKIM., 'Analysis of Shear Walls 

Composed of Panels',CIRIA Report 45,Part II, 

D.O.E.,CIRIA SeminarliThe Stability of Precast Concrete Structures' 

March 1973. 

26. Report of the Inquiry into the Collapse of Flats at Ronan Point, 

Canning Town,LondoniHMS0,1968. 

27. WATSON,V. and HIRST,M.J.S., 'Experiments for the Design of a 

system using Large Precast Concrete Panel Components'IThe Structural 

Engineer,September 1972,No.9,Volume 50. 

28. SHAPIRO,G.A. and SOKOLOVIM.E., 'The Strength and Deformation of 

Horizontal Joints in Large Panel Buildingst,Beton i Zhelezobeton,1963 

(6)1265-7,Library Communicatins No .1217,Building Research Station. 



237 

29. SEMENTSOITIS.A.2  'The Strength of Joints Between Walls and Floors in 

Buildings Constructed of Large Panels',Beton i  Zhelezobeton,1961 1(1), 

14-18„Library Communications No.1096,Building Research Station. 

30. SHISHKIN,A.A. and BRAVINSKIIIE.A., 'Dry Support of Floors and the 

Strength of Panel Walls'IStroit.Arkh.Moskvy119621(2). 

31. SPIRIDONOVIVelf., 'The Carrying Capacity of Horizontal Joints of Large-

panel Buildingsl,Beton i Zhelezobeton No.5,1957. 

32. PUME,D., 'Statical Behaviour of Joints Between Wall and Floor Panel'-

in CzechlBuilding Research Institute,Prague,1968. 

33. PUMEID., 'Theoretical and Experimental Research of Statical Behaviour 

of Joints-in CzechlBuilding Research Institute,Prague 21967. 

34. PUM,D., 'Instruction for the Structural Analysis of Panel Buildings-

in CzechlBuilding Research InstitutelPrague,1966. 

35. PRABHAKARA,B., 'Concrete Shear Walls'1A Study of Castellated Vertical 

Joints and Jointed Shear Walls,Ph.D.ThesisIGlasgow University,1970. 

36. BERESFORD,F.D., A Study of Concrete Panel Construction-Part I:Tests 

on Wall-to-floor Connections'IReport T12-1,Division of Building Re-

search,Commonwealth Research OrganisationlAustralia21970. 

37. ISAZA, 'Extensibility of Reinforcement in Catenary Action'ID.I.0 

Dissertation,Concrete Structures and Technology Department lImperial 

College of Science and Technology11972. 
38. WILFORD,M.J. and YUIC.W., 'Catenary Action in Damaged Structures1Tests 

on Reinfoced Beams and Slabs1D.O.E. C.I.R.I.A. Seminar,'The Stability 

of Precast Concrete Structures/ 2March 1973. 
39. NEVILLE,A.M., 'Properties of Concretel iPitman Paperbacks,Reprinted 

in England,1970. 

40. AKAZAWA,T., 'Tension Test Method for Concretes',Bulletin 

International Association of Testing and Research Laboratories,Paris, 

Nov.19531pp 11-23. 

41. CARNEIRO,F.L.L.B., and BARCELLOS,A., 'Concrete Tensile Strength', 

Bulletin No.13,International Association of Testing and Research 

Laboratories,ParisIMarch 1953 ,pp 97-123. 

42. EFSEN,A. and GLARB020,1  'Tensile Strength of Concrete Determined by 

Cylinder Splitting Test'IBeton og.JernbetonlCopenhagen,No.1,19561pp 33-39. 



238 

APPENDIX A. STRAIN MEASUREMENTS OF P GROUP SPECIMENS.  

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

resistance strain gauges are given as micro-strains. The first loading 

stage is the load due to wall loading. Subsequent stages indicate 

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

imply tensile stress. 

TABTE A.1 STRAINS  OF P1 

Gauge 

Load 	o. 1 2 3 4 5 6 7 8 9 10 

Wall 
load 
1.0 

1.5 

2.0 

2.5 

-30 

-28 

-20 

-20 

Steel 

-10 

-10 

0 

+10 

was 

-30 

-10 

0 

+10 

broken 

-10 

+10 

+20 

+50 

0 

+30 

+50 

+60 

-10 

+10 

+25 

+40 

-30 

-30 

-30 

-20 

- 

- 

- 

- 

- 

0 

+10 

+30 

+55 

-40 

-60 

-65 

-60 

Gauge 
No. 

Load 
11 12 13 14 15 16 17 18 19 

Wall 
load 
1.0 

1.5 

2.0 

2.5 

-50 

-60 

-60 

-65 

-20 

-60 

-70 

-90 

-30 

-6o 

-75 

-85 

-30 

-30 

-40 

-50 

-40 

-50 

-50 

-60 

0 

+640 

2980 

- 

0 

+760 

11620+12270+5610 

+120 

+270 

+20 

+840 

Note: Hyphens indicate that no reading was taken. 
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TABU', A.2. STRAINS OF P2 

Gauge 
No 

Load 
1 2 3 4 5 6 7 8 9 10 

Wall 
load 
1.0 

-48 

-38 

-30 

-22 

-50 

-30 

-38 

-18 

-53 

-32 

-35 

-25 

-20 

-10 

-12 

+3 

+18 

+60 

0 

-5 

2.0 -33 -18 -5 +4 -18 -5 -5 +13 +180 -13 

3.0 -26 -8 +25 +32 +18 +25 +5 +28 +615 -15 

4.0 -18 -2 +100 +77 +265 +60 +10 +38 +1465 -3o 

5.0 0 0 +378 +92 +335 +75 +25 +48 +3180 -35 

5.9 Failure 

I 

Gauge 
No 

Load 
11 12 13 14 15 16 17 18 19 

Wall 
load 

_ 
+5 0 +20 -10 +5 o 0 - - 

1.0 0 -3o +10 -20 0 +480 +475 - - 

2.0 -10 -50 -8 -30 -13 +692 +848 - - 

3.0 -10 -80 -25 -42 -13 +895 +1240 - - 

4.0 -20 -110 -28 -55 -15 +1125 +2342 - - 

5.0 -35 -15o -6o -6o -23 +5800f10205 - - 

5.9 Failure 

0 



TABLE A.3 STRAINS OF P3  

Gauge 
No 

Load 
1 2 3 4 5 6 7 8 9 10 

Wall 
load 

-65 -30 -150 -125 -127 -105 -72 -25 +20 -162 

2.0 -45 -10 -115 -85 -92 -85 -70 -40 +70 -180 

4.0 -35 +5 -80 -45 -57 -15 -67 -35 +262 -187 

6.0 -23 +20 -35 -15 -32 +45 -54 -3o +712 -192 

8.0 -5 +4o +20 +65 +13 +125 -40 -18 +1460 -202 

10.0 +25 +40 +110 +65 +88 +285 -22 -20 - -202 

11.9 Failure 

Gauge 
No 

Load 
11 12 13 14 15 16 17 18 19 

Wall 
load 

-182 -232 -225 -250 -113 0 0 - +70 

2.0 -215 -270 -270 -260 -115 +620 +230 - +160 

4.0 -220 -312 -310 -270 -125 +1035 +680 - +380 

6.o -235 -352 -345 -270 -135 +1520 +1145 - +690 

8.0 -250 -387 -380 -280 -153 +1935 +1610 - - 

10.0 -260 -437 -415 -288 -155 +2330 +2055 - 

11.9 Failure 

24-o 

0 
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TABTR A.4 STRAINS OF P4 

Gauge 
No 

Load 
1 2 10 

Wall 
Load 

1.0 

-75 	-215 

-52 	- 

-135 

-85 

-170 

-150 

-178 

-163 

-205 

-315 

-215 

-210 

-120 

-113 

+10 

+248 

-248 

-253 

2.0 -60 	- -75 -138 -153 -312 -210 -110 +280 -256 

3.o -6o 	- -55 -118 -138 -305 -208 -102 +353 -258 

4.0 -5o 	- -40  -90 -108 -290 -200 -95 +690 -268 

5.0 -40 	- -10 -70 -78 -260 -192 -88 +1300 -268 

6.o -40 	- +18 -47 -56 -230 -192 -82 +2110 -270 

7.0 -35 	- +5o -10 -6 -180 -190 -72 +3460 -273 

8.Q -55 	- +135 +35 +42 -115 -195 -70 - -278 

8.9 Failure 

Gauge 

Load No 
11 12 13 14 15 16 17 18 19 

Wali. 
load 

1.0 

-282 	-183 

-296 	-203 

-208 

-243 

- 

- 

-110 

-110 

0 

+160 

0 

+181 

+5 

+35 

+5 

+145 

2.0 -302 	-223 -260 - -115 +325 +380 +235 +300 

3.0 -312 	-238 -278 - -117 +630 +580 +485 +475 

4.0 -317 	-261 -298 - -120 +925 +710 +785 +670 

5.0 -320 	-273 -318 - -135 +1235 +1042 +1100 +872 

60c) -327 	-291 -338 - -135 +1545 +1285 +1475 +1092 

7.o -332 	-303 -358 - -13o +1875 +1630 +1860 +1390 

8.0 -342 	-318 -378 - -130 +2250 +1900 - +1810 

8.9 Failure 

L 
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TABTR A.5 STRAINS OF PL1  ........... 

Gauge 

Load 	
No 1 2 3 4 5 6 7 9 10 

Wall 
Load 

-17 -48 -18 -40 -50 - -35 , 	-45 0 -40 

1.0 -17 -46 -18 -33 -40 - -35 -35 + 8 -30 

3.0 -17 -33 -18 -10 -28 - -30 -3 +10 -10 

5.0 -12 -3 -10 +10 +10 - -20 +30 +20 +20 

7.0 -7 +12 -8 +40 +40 - -12 +57 +20 +55 

9.0 -2 +34 -3 +65 +20 - -10 +75 +20 +80 

11.8 Failure 

Gauge 

Load 	
No 11 12 13 14 15 16 17 18 19 20 

Wall 
Load 

-68 -50 -27 0 0 -18 -55 -35 -30 -70 

1.0 -60 -40 -25 +15 +15 -23 -55 -35 -32 -80 

3.0 -28 0 +5 +45 +30 -30 -73 -48 -50 -85 

5.0 +20 +42 +35 +133 +85 -36 -77 -50 -82 -92 

7.0 +125 +130 +35 +485 +282 -46 -80 -65 -110 -130 

9.0 +260 +412 +180 +1075 +1000 -48 -93 -70 -160 -180 

11.8 Failure 

Gauge 
No 

Load 
21 22 23 24 25 26 27 28 29 30 

Wall 
load 

1.0 
3.0 

5.0 

7.0 

9.0 

11.8 

-50 

-65 

-85 

-110 

-135 

-165 

Failure 

-20 

-40 

-52 

-55 

-55 

-58 

-60 

-70 

-88 

-90 

-115 

-115 

-40 

-50 

-62 

-80 

-90 

-98+13163 

0 

- 

+383 

+793 

+1225 

0 

- 

+692 

+1022 

+1325 

+12910 

0 

- 

+235 

+740 

- 

- 

- 

+220 

+707 

+972 

+1432 

0 

+390 

+625 

+880 

+6690 

0 

+320 

+655 

+1033 

+7730 

242 



APPENDIX B. STRAIN MEASUREMENTS OF J4 and J9  

TABLE B.1 	STRAINS OF J4  

Gauge 
No 

Load 
1 2 3 4 5 6 7 8 

Wall 
load 

2.0 

- 

- 

- 

- 

-243 

-230 

-220 

-190 

-182 

-182 

-228 

-212 

+45 

+115 

-60 

-72 

4.0 - - -178 -145 -172 -200 +1265 -72 

6.o - - -110 -go -157 -185 - -77 

8.0 - - -40 -25 -132 -150 - -82 

10.0 - - +40 +60 -117 -125 - -82 

12.0 - - +512 +200 -102 -115 - -92 

13.3 Failure 

Gauge 
No 

Load 
9 10 11 12 13 14 15 

Wall 
load -55 -7o -100 -75 -75 0 0 

2.0 -80 -118 -160 -85 -83 +570 +325 

4.0 -80 -150 -190 -103 -87 +1208 +745 

6.0 -80 -185 -215 -113 -95 +1868 +1200 

8.0 -80 -210 -240 -120 -95 +2740 +1745 

10.0 -80 -245 -270 -135 -103 +10678 +8055 

12.0 -80 -245 -270 -135 -115 - - 

13.3 Failure 

21+3 
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e 

TABU, B.2 	STRAINS OF J9 

Gauge 

Load 	No 1 2 3 4 5 6 7 8 

Wall 
load 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 

Load 	No 9 10 11 12 13 14 15 

Wall 
load -15 0 -10 -20 -5 0 0 

1 - -10 -25 -12 -5 +732 690 
2 - -30 -65 -22 -20 +6655 

3 Steel was broken 

* 
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APPENDIX C. 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 

rotations 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 

.re 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 some 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 - 0 VALUES  

SPECIMEN  

Loading 
Stage 

Load 
(kN/m) 

RB 
(kN/m) 

MI  
(kN/m/m) 

81  
3 10 	x 

radian 

142  
(um/m) 

02 
3 10 	x 

radian 

11.13  

(kNw/m) 
e 

 
3 10 	x 

radian 

Slab - 15.7 -0.96 -0.1 0 0 +2.22 +0.3 

1 322.7 14.9 -2.48 -0.4 8.20 0.6 -4.40 -0.4 

2 645.4 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 -0.4 

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 - - - - - - 

24-6 
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SPECIMEN 2  

Loading 
Stage 

Load 
(kN/m) 

RB  

(kN/m)  

Mi 

(kN/m/m)  103  x 
radian 

 M2 

(kN/m/m)  103  x 
radiar 

N
13 

(kNimil)  

0 
 

103x 
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 -2.7 25.46 3.0 -13.66 -1.1 

4 1290.8 10.54 -10.92 -3.6 34.59 3.7 -22.02 -1.3 

5 1613.5 10.62 -10.77 -4.7 44.21 4.4 -31.79 -1.5 

6 1936.2 10.62 -10.77 -6.3 54.79 6.3 -42.37 -2.4 

7 2258.9 _ - - - _ _ - 

• 
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SPECIMEN 21  

Loading 
Stage 

Load 
(kN/ m) 

RB  

ckN/m) 

Mi 

(kN/m) 
gl 

103  x 
radian 

M2  
(kN/mm) 

02 

103  x 
radian 

M
3 

(kN/mm) 

e 
 

103  x 

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 - 

3 968.1 17.92 +3.67 0.2 -25.17 -1.3 +22.78 - 

4 1290.8 18.48 +4.76 0.2 -33.69 -1.3 +30.24 +0.7 

5 1613.5 19.40 +6.55 0.4 -42.11 -1.4 +37.03 +0.7 

6 1936.2 20.02 +7.76 0.5 -50.53 -1.5 +44.29 +105 

7 2258.9 20.63 +8.95 0.6 -58.96 -1.5 +51.79 +1.3 

8 2581.6 21.41 +10.47 0.9 -68.15 -2.8 +59.81 - 

9 2904.3 22.00 +11.62 -  - - - - 

10 3227.0 - - - - - - - 
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• 

SPECIMEN 5 

Loading 
Stage 

Load 
(kN/m) 

RB  

(kN/mm) 

hi 

(kNAmm) 

Al  

10)  x 
radian 

14 
(kN/mm) 

02 
103  x 
radian 

mr3  

(kN/mm) 

0
3 

103  x 
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 +5.62 +0.8 

2 645.4 13.52 -8.43 -4.3 +17.23 +1.3 -7.21 +0.8 

3 968.1 12.70 -8.43 -5.5 +26.43 +1.6 -16.41 +0.8 

4 1290.8 12.09 -8.73 -6.7 +35.69 +2.4 -25.36 +0.1 

5 1613.5 11.89 -8.73 -7.2 +45.02 +2.8 -34.69 +0.1 

6 1936.2 11.89 -8.73 -8.1 +54.60 +3.0 -44.27 -0.1 

7 2258.9 12.50 -8.73 -9.1 +64.60 +4.0  -54.27 -0.7 

8 2804.3 - - - 

• 
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SPECIMEN 6  

Loading 
Stage 

Load 
(kN/m) 

231 
(kN/mm) 

mi 

(kN/mm) 

91 
 

103  x 
radian 

1,12  

(kN/mm) 

0
2 

103  x 
radian 

M
3 

(kN/mm)  

JP
3 

103  x 
radian 

Slab - 15.98 -0033 0 0 0 -0.06 -0.1 

1 322.7 14.75 -2.69 -0.1 8.26 0.9 -5.90 -0.1 

2 645.4 13.52 -5.05 -0.6 16.65 1.1 -11.87 -0.1 

3 968.1 12.70 ..6.62 -0.9 25.27 1.9 -18.95 -0.4 

4 1290.8 12.09 -7.79 -1.0 34.21 2.4 -26.71 -0.7 

5 1613.5 11.89 -8.17 -1.7 43.56 2.6 -35.87 -1.2 

6 1956.2 11.89 -8.17 -2.3 53.05 3.3 -45.61 -1.5 

7 2258.9 12.50 -7.00 - - - 

8 2526.7 - - - - - - - 
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SPECIMEN 7  

Loading 
Stage 

Load 
(kN/m) 

RB 
(16/mm) ' 

Mi 

(kN/mm) 

G1 

103  x 
radian 

M.2  

(kN/mm) 
02 
3 10 	x 

radian 

112 
(kN/mm) e3 

103  x 
radian 

Slab - 13.87( -4.44 -0.1 -0.03 0 +5.91 0 

1 322.7 13.6o -4.96 -0.1 8.33 o.6 -1.91 0 

2 645.4 12.91 -6.28 -1.2 17.04 1.7 -9.29 0 

3 968.1 12.50 -7.07 -2.1 26.04 2.8 -17.67 -0.4 

4 1290.8 11.70 -8.58 -3.4 35.63 3.9 -26.00 -1.0 

5 1613.5 11.90 -8.21 -7.1 46.95 6.1 -38.65 -4.9 

6 1858.8 - - - - - - - 
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SPECIMEN 9  

Loading 
Stage 

Load 
(Wm) 

173: 
(kNimm) 

Mi 
(kN/mm) 

°I. 
103  x 
radian 

11-2  
(kN/mm) 

G 

103  x 
radian 

1T2 
(kN/mm) 

3 
103  x 
radian 

Slab - 15.15 -1.58 -0.5 0 	, 0 +2.88 +0.5 

1 322.7 14.98 -1.91 -0.6 8.52 3.8 -5.30 +0.3 

2 645.4 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 6.3 -21.16 -1.2 

4 1290.8 13.56 -4.65 -2.2 36.14 8.2 -30.07 -4.0 

5 1613.5 13.37 -5.01 -3.1 46.79 11.4 -40.34 -5.5 

6 1894.2 - - - - - _ _ 

• 

4 
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SPECIMEN 12  

Loading 
Stage 

Load 
(kN/m) 

RB 
(kNimm) 

M.I. 
(kN/mm) 

81 
103  x 
radian 

M2  
(kN/mm)  

82 
103  x 
radian 

M2 

(kN/mm) 
0
3 

103 x  
radian 

Slab - 14.74 -3.05 -0,3 0 0 +4.45 0.1 

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 13.39 -5.62 -3.9 55.18 3.6 -49.10 -0.8 

7 2323.4 - - - - - - - 

• 
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a 
...... 
SPECIMEN 15  

Loading 
Stage 

Load 
(kNA) 

RB 
(kN/mm) ' 

MI  

(kN/mm) 

JP 1 

3 10 	x 
radian 

M2  

(kN/mm) 

02 

10 	x 
3 

radian 

112  

(kWmm ) 

e
5 
3 10 	x 

radian 

Slab - 28.67 -5.97 -4.5 0 0.7 8.75 +0.1 

1 322.7 24.83 -13.34 -6.1 6.65 2.8 9.50 +0.1 

2 645.4 24.18 -14.59 -7.5 13.55 3.0 3.59 0 

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 1936.2 24.18 -14.59 -11.3 43.76 4.3 -28.62 -1.0 

7 2258.9 24.18 -14.59 -12.5 51.73 5.4 -37.46  -1.9 

8 2904.3 - - - - - _ - 
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SPECIMEN 17 

Loading 
Stage 

Load 
(kN/m) 

113, 
(kN/mm) 

Mi 
(kN/mm) 

91 
103  x 
radian 

11 2 
 

(kN/mm) 
82 

103 x 
radian 

112  

(kN/mm) 
83 

103  x 
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 2594.6 - - - - - - - 
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SPECIMEN 20 

Loadin 
Stage

g  Load 
(kNim) 

RE  

(kNA) 

Mi 
(kNimm) 

81  

103  x 
radian 

11.2  

(kil/mm)  

8
2 

 

103x 
radian 

-z 
(kN/mm)  

0
3 

103x 
radian 

1 322.7 -3.84 -7.38 -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 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 1936.2 10.47 -10.59 -16.8 65.78 5.9 -61.85 -5.3 

7 2820.4 - - - - - - - 

• 
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TABU', C.2 STRAINS MEASURED BY RESISTANCE STRAIN-GAUGES.  

SPECIMEN 1  

Gauge 
No. 

Load 
Stage 

1 2 3-4 5-6 7-8 9-10 11 12 

Slab 
load. 	

. 
-0.027 +0.002 +0.005 -0.045 +0.002 +0.006 0 0 

1 -0.028 +0.004 +0.075 +0.067 --).006 -0.005 +0.010 -0.001 

2 -0.018 +0.022 +0.165 +0.166 -0.014 -0.005 +0.010 -0.010 

3 -0.070 -0.003 +0.284 +0.299 -0.027 -0.012 +0.012 -0.035 

4 -0.081 -0.003 +0.436 +0.460 -0.030 -0.019 +0.020 -0.050 

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 +0.030 -0.110 

7 -0.310 -0.170 +0.994 +1.553 -0.090 -0.065 - - 

8 - - - - - - - - 
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SPECIMEN 2.  

Gauge 
No. 

Load 
Stage 

1 2 3-4 5-6 7-8 9-10 11 12 

Slab - -0.060 +0.034 -0.001 +0.035 +0.092 -0.002 -0.010 

1 - -0.030 +0.156 +0.069 +0.020 +0.091 +0.038 +0.002 

2 - -0.070 +0.331 +0.222 +0.054 +0.150 +0.075 +0.012 

3 - -0.110 +0.444 +0.373 4-0.056 +0.160 +0.082 +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 +1.262 +1.023 +0.009 +0.093 +0.131 +0.038 

7 - - - - - - - - 

,...._ 
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S 

SPECIMEN 2'  

Gauge 

Load 	No 

Stage 
1 2 3-4 5-6 7-8 9-10 11 12 

Slab -0.031 +0.005 -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 -0.093 -0.022 

3 -0.053 -0.080 +0.004 -0.031 +0.386 +0.557 -0.141 -0.042 

4 -0.065 -0.125 +0.017 -0.020 +0.546 +0.500 -0.220 -0.073 

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 -0.083 -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 

10 - - - - - - - - 

S 

S 
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e 

SPECIMEN 5.  

Gauge 
No 

Load 
Stage 

1 2 3-4 5-6 7-8 9-10 11 12 

Slab -0.050 -0.032 +0.023 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 -0.405 -0.243 +0.762 +0.823 -0.075 +0.013 +0.043 -0.010 

7 -0.580 -0.301 +0.955 +1.306 -0.080 +0.057 +0.071 -0.020 

8 - - - - - _ - - 

• 
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SPECIMEN 6.  

Gauge 
No. 

Load 
St ._e 

1 2 3-4 5-6 7-8 9-10 11 12 

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 +0.150 +0.095 +0.050 -0.020 

4 -0.240 -0.035 +0.513 +0.605 +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 +0.960 +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 
No. 

Load 
Stage 

1 2 3-4 5-6 7-8 9-10 11 12 

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 +0.032 -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 +0.572 +0.033 +0.110 +0.077 -0.025 

4 -0.530 -0.111 +0.413 +0.550 +0.051 +0.105 +0.082 -0.035 

5 -0.780 -0.171 +0.600 +0.887 -0.034 +0.075 +0.102 -0.090 

6 - - - - - - - - 
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• 

SPECIMEN 9. 

Gauge 
No 

Load 
Sta e 

1 2 3-4 5-6 7-8 9-10 11 12 

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 -0.375 -0.070 +0.161 +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 -0.275 +0.591 +0.988 -0.048 -0.015 +0.155 -0.020 

6 - - - - - - - - 

I 
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SPECIMEN 12  

Gauge 
No 

Load 
Stage 

1 2 3-4 5-6 7-8 9-10 11 12 

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 -0.080 +0.821 +0.792 -0.035 -0.004 -0.213 0 

6 -0.707 -0.308 +1.065 +1.189 -0.059 -0.037 - - 

7 - - _ _ _ _ - - 
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SPECIMEN 15  

Gauge 
No. 

Load 
Stage 

1 2 3-4 5-6 7-8 9-10 11 12 

Slab -1.375 - +0.058 -0.037 +0.338 +0.045 +0.040 -0.035 

1 -1.955 - +0.174 +0.025 +0.453 +0.034 +0.040 -0.045 

2 -2.620 - +0.226 +0.146 +0.458 +0.020 +0.005 -0.080 

3 -3.010 - +0.373 +0.330 +0.436 +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 _ - _ - - - - - 
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SPECIMEN 17  

Gauge 
No 

Load 
Stage 

1 2 3-4 5-6 7-8  9-10 11 12 

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 +0.511 +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 - - - - - - - - 

• 
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SPECIMEN 20  

Gauge 
No 

Load 
Stage 

1 2 3-4 5-6 7-8  9-10 11 12 

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 

11 -4.168  -0.935 +0.144 +0.365 - +0.058 -0.105 +0.005 

2 -4.810 -0.945 +0.309 +0.570 - +0.083 -0.115 +0.012 

3 -5.365 -0.990 +0.563 +0.867 - +0.078 -0.125 +0.010 

4 - - - - - 

5 -5.885 -1.085 +1.118 +1.613 - +0.068 -0.140 +0.005 

6 -6.740 -1.360 +1.739 +3.014 - +0.055 -0.155 +0.035 

7 - - - - - - - - 
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TABLE 0.3 STRAINS MEASURED BY DEMEC GAUGES. 

SPECIMEN 1 

Gauge 
No 

Load 
Stage 

1-14 2-15 3-16 4-17 5-18 6-19 7-20 

Slab 0 0 +0.013 -0.089 -0.051 -0.051 -0.038 

1 -0.013 -0.038 0 -0.101 -0.089 -0.051 -0.051 

2 -0.013 -0.038 0 -0.177 -0.152 -0.089 -0.051 

3 -0.025 -0.063 -0.013 -0.519 -0.443 -0t304 -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 

7 -1.771 -4.023 -1.594 - - - -2.429 

8 - - - - - - 

Gauge 
No 

Load 
Stage 

8-21 9-22 10-23 11-24 12-25 13-26 

Slab -0.038 +0.025 -0.025 +0.025 +0.025 +0.025 

1 -0.025 +0.076 +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 +0.253 +0.291 +0.215 +0.228 

4 -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 -✓0.708 +0.354 +1.695 +3.238 +1.290 +1.214 

8 - - - - - 
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SPECIMEN 1 (continues)  

Gauge 
No 

Load 
Stage 

(A-B) 

(G-H) 

(B-C) 

(H-I) 

(D-E) 

(J-K) 

(E-F) 

(K-L) 
27-28 29-30 31-32 

Slab +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 -0.063 -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 -0.380 -0.329 

6 +0.582 +0.633 +0.139 -0.013 -1.214 -0.860 -0.658 

7 +1.113 +0.987 -0.835 -0.329 -3.314 -2.758 -2.100 

8 _ - - - - - - 

Gauge 
No 

Load 
Stage 

33-34 35-36 
37 
40 
43 

38 
41 
44 

39 
42 
45 

46 
47 
48 

Slab -0.025 0 -0.058 -0.033 -0.015 +0.026 

1 -0.051L -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 +0.893 +1.020 +2.132 

6 -0.481 -0.266 +1.316 +1.786 +1.880 +2.903 

7 -1.240 -1.720 +2.884 +4.883 +5.414 +4.831 

8 - - - - - 

• 

r 
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t 

SPECIMEN 2  

Gauge 
No 

Load 
Stage 

1-14 2-15 3-16 4-17 5-18 6-19 7-20 

Slab +0.025 +0.013 -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 0 -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 -0.076 -0.063 -8.400 -7.843 -5.768 -3.795 
6 -0.557 -0.152 -0.139 -10.955 -10.626 -7.717 -4.984 
7 - - - 

Gauge 
No 

Load 8-21 9-22 10-23 11-24 12-25 13-26 
Stage 
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 +0.557 +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  

M 

0 
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• 

SPECIMEN 2'  

Gauge 
No 

load 
Stage 

1-14 2-15 3-16 4-17 5-18 6-19 7-20 

Slab -0.038 0 -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 -0.063 -0.051 -0.367 -0.645 -0.822 -0.835 

5 
a 

-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 +0.038 -0.013 +0.013 -5.237 -6.730 -7.717 -7.944 

10 - - - - - - - 

Gauge 
No 

Load 
Stage 

8-21 9-22 10-23 11-24 12-25 13-26 

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 0 -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 +0,278 +0.240 

6 -1.467 -0.746 +0.038 -0.013 +0.354 +0.354 

7 -2.125 -1.088 +0.051 +0.013 +0.455 +0.455 

8 -3.112 -1.607 +0.063 -0.013 +0.595 +0.544 

9 -7.438 -4.402 -0.025 -0.190 +0.696 +0.671 

lo - - - - - - 
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SPECIMEN 21  (Cont.) 

Gauge 
No 

Load 
Stage 

(11.-B) 

(G-11) 

(B-C) 

(11-1) 

(1,-E) 

(J-K) 

(E-F) 

(K-L) 

27-8 
29-30 31-32 

Slab +0.013 -0.025 0 -0.013 -0.076 -0.038 -0.076 

1 +0.051 -0.013 -0.025 0 -0.076 -0.063 -0.177 

2 +0.089 0 +0.025 +0.013 -0.101 -0.127 -0.100 

3 +0.215 +0.114 +0.190 +0.165 -0.038 -0.038 -0.013 

4 +0.278 +0.228 +0.329 +0.253 -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 0 

7 +0.633 +0.607 +1.037 +0.734 -0.810 -0.127 -0.013 

8 +0.784 +0.759 +1.430 +0.961 -1.619 -1.139 -0.607 

9 +1.025 +1.088 - - - - - 

10 - - - - - - - 

auge 
No 

Load 
State 

33-34 35-36  
37 
40 
43 

38  
41 
44 

39 
42 
45 

46 
47 
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 +0.038 -0.084 -0.051 -0.008 +0.156 

4 -0.051 +0.038 -0.058 -0.051 -0.025 +0.250 

5 -0.013 +0.038 -0.041 -0.033 -0.018 +0.351 

6 0 +0.051 -0.033 -0.058 -0.033 +0.453 

7 0 +0.063 -0.068 -0.094 -0.051 +0.542 

8 -0.076 +0.038 -0.101 -0.142 -0.084 +0.542 

9 _ _ _ _ _ _ 
10 - - - - - - 

• 

0 
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SPECIMEN 5.  
... 

Gauge 

No 

Load 

Sta. e 

1-12 2=-13 3-14 4-15 5-16 6-17 

Slab -0.380 -0.430 -0.430 -0.354 -0.354 -0.165 

1 -0.638 -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 -1.139 -0.936 -0.683 -0.202 

4 -0.987 -1.265 -1.290 -1.139 -0.784 -0.228 

5 -1.139 -1.518 -1.569 -1.417 -1.113 -0.367 

6 -1.341 -1.847 -1.999 -1.872 -1.467 -0.506 

7 	0  -1.645 -2.277 -2.555 -2.505 -2,024 -0.835 

8 - - . - - . 

Gauge 

Load 	

No 

Sta e 

7-18 8-19 9-20 10-21 11-22 

(A-B) 

/ 	\ 

G.,-H) 

Slab -0.013 +0.013 +0.013 +0.013 +0.038 -0.025 

1 +0.025 +0.051 +0.063 +0.013 +0.063 +0.013 

2 -0.038 +0.063 +0.051 +0.025 +0.063 +0,089 

3 -0.025 +0.076 +0.013 0 +0.076 +0.177 

4 -0.013 +0.076 -0.076 0 +0.114 +0.291 

5 0 +0.101 -0.253 +0.013 +0.190 +0.418 

6 +0.025 +0.139 -0.569 +0.013 +0,291 +0.544 

7 +0.051 +0.165 -0.911 +0.051 +0.519 +0.620 

8 _ _ _ _ - - 
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SPECIMEN 5 (cont.)  

Gauge 
No 

Load 
Stage 

(B-C) 

(H-I) 

(D-E) 

(s-K) 

(E-F) 

(K-L) 23-24 25-26 27-28 

Slab 0 +0.038 +0.063 +0.02 0 +0.038 

1 +0.076 +0.076 +0.177 0 +0.013 +0.063 

2 +0.228 +0.127 +0.266 -0.025 -0.013 +0.013 

3 +0,316 +0.190 +0.354 -0.063 -0.025 0 

4 +0.430 +0.228 +0.481 -0.089 -0.076 -0.058 

5 +0.569 +00529 +0.620 -0,165 -0.139 -0.114 

6 +0,721 +0.468 +0.835 -0.253 -0.291 -0.266 

7 +0.746 +0.772 +0.974 -0.430 -0.443 -0.367 

8 - - - - - - 

Gauge 

Load 	
No 

Stage 

29-30 31-32 
33 
36 
39 

34 
37 
40 

35 
38 
41 

42 
43 
44 

Slab +0,013 +0.025 -0.784 -0.076 -0.076 +0.102 

1 -0.013 -0.013 -1.189 -0.051 0 +0.508 

2 -0.063 -0.051 -0.380 -0.025 +0.101 +0.711 

3 -0.076 -0.063 -0.076 +0.101 +0.228 +0.893 

4 -0.114 -0.076 +0,127 +0.253 +0.405 +1.117 

5 -0.165 -0.101 +0.380 +0.455 +0.633 +1.401 

6 -0.266 -0.127 +0.734 +0.784 +1.088 +1.766 

7 -0.354 -0.165 +1.164 +1.290 +1.898 +2.132 

8 - - - - - - 
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Gauge 
No 

Load 
Stage 

1-14 2-15 3-16 4-17 5-18 6-19 7-20 

Slab +0.013 +0.051 +0.051 -0.342 -0.266 -0.202 -0.089 

1 -0.013 -0.013 +0.013 -0.392 -0.278 -0.228 -0.139 

2 -0.025 -0.038 -0.013 -0.936 -0.708 -0.531 -0.342 

3 -0.063 -0.089 -0.051 -1.594 -1.189 -0.886 -0.633 

4 -0.076 -0.101 -0.063 -2.277 -1.670 -1.265 -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 -3.669 -2.783 -1.872 

7 Q -0.278 -0.316 -0.139 -7.211 -5.313 -3.922 -2.606 

8 - _ _ - _ _ _ 

Gauge 
NO 

Load 
Stake 

8-21 9-22 10-23 11-24 12-25 13-26 

Slab -0.038 +0.013 -0.025 +0.013 +0.025 0 

1 -0,051 +0.063 +0.089 +0.063 +0.089 +0.063 

2 -0,152 +0.063 +0.139 +0.114 +0.114 +0.165 

3 =0.278 +0.038 +0.253 +0.202 +0.177 +0.215 

4 -0.418 0 +0.342 +0.329 +0.253 +0.304 

5 -0.671 -0.038 +0.481 +0.455 +0.329 +0.392 

6 -0.936 -0.063 +0.620 +0.555 +0.443 +0.531 

7 -1.328 -0.114 +0.772 +0.696 +0.506 +0.697 

8 _ - - 
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SPECIMEN 6 (Cont) 
.......... 

Gauge 
No 

Load 
Sta:e 

(A-B) 

(G-H) 

(B-C) 

(H-I) 

(D-E) 

(J-K) 

(E-F) 

(K-L) 
27-28 29-30 31-32 

Slab -0.013 0 0 0 0 +0.025 0 

1 +0.025 +0.051 +0.038 -0.013 +0.025 +0.038 0 

2 +0.127 +0.101 +0.063 -0.013 -0.013 -0.013 -0.025 

3 ' +0.159 +0.139 +0.089 -0.013 -0.013 -0.013 -0.038 

4 +0.202 +0.202 +0.101 0 -0.076 -0.063 -0.076 

5 
+0.253 +0.253 +0.114 +0.038 -0.114 -0.228 -0.228 

6 +0.291 +0.316 +0.114 +0.051 -0.215 -0.430 -0.418 

7 +0.316 +0.567 +0.139 +0.038 -0.253 -1.240 -1.290 

8 - - - - - - - 

Gauge 
No 

Load 
Stage 

33-34 35-36 
37 
40 
43 

38 
41 
44 

39 
42 
45 

46 
47 
48  

Slab +0.013 0 -0.025 0 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 +0.506 +0.481 +0.607 +2.050 

5 -0.253 -0.177 +0759 +0.708 +0.936 +2.862 

6 -0.450 -0.342 +0.987 +1.012 +1.214 +3.634 

7 -1.632 -1.151 +1.442 +1.594 +1.973 +5.116 

8 _ - _ _ - - 

• 

• 



SPECIMEN 7  
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Gauge 
No 

Load 
Stage 

1-14 2-15 3-16 4-17 5-18 6-19 7-20 

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 +0.051 -2.657 -2.024 -1.442 -0.936 

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 -0.367 -13.890 -9.690 -6.300 -3.694 

6 - - 0 - - - - 

Gauge 
No 

Load 
Sta:e 

8-21 9-22 10-23 11-24 12-25 13-26 

Slab -0.038 +0.051 -0.025 -0.013 -0.013 -0.025 

1 +0.076 +0.139 +0.152 +0.127 +0.152 +0.177 

2 -0.430 +0.013 +0.354 +0.266 +0.266 +0.291 

3 -0.784 -0.076 +0.658 +0.481 +0.418 +0.443 

4 -1.113 -0.101 +1.290 +0.759 +0.620 +0.708 

5 -1.619 -0.127 +3.643 +1.366 +1.366 +1.467 

6 - - - - - 
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SPECIMEN 7 (Cont.)  

Gauge 
No 

Load 
Stage 

(A-B) 

(G-H) 

(B-C) 

(H-I) 

(D-E) 

(J-K) 

(E-F) 

(K-L) 
27-28 29-30 31-32 

Slab +0.013 +0.013 +0.025 0 0 -0.025 0 

1 +0.190 +0.089 +0.051 +0.013 -0.013 0 -0.013 

2 +0.240 +0.114 +0.058 +0.015 -0.013 -0.025 -0.038 

3 +0.304 +0.165 +0.038 +0.013 -0.025 -0.076 -0.076 

4 +0.380 +0.278 +0.025 +0.013 -0.076 -0.215 -0.215 

5 +0.551 +0,645 -0.025 +0.013 -0.152 -0.696 -0.822 

6 _ _ _ _ - - - 

Gauge 
No 

Load 
Stage 

33-34 
- 

35-36 
37 
40 
43 

38 
41 
44 

39 
42 
45 

46 
47 
48 

Slab +0.025 +0.015 -0.025 -0.043 +0.043 +0.041 

1 0 0 +0.127 +0.152 +0.177 +0.792 

2 -0.051 -0.038 +0.329 +0.455 +0.430 +1.421 

3 -0.127 -0.089 +0.531 +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 - - _ - - - 
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SPECIMEN 9  

Gauge 
No 

Load 
Stage 

1-14 2-15 3-16 4-17 5-18 6-19 7i20 

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 -0.190 -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 
No 

Load 
Sta e 

8-21 9-22 10-23 11-24 12-25 13-26 

Slab -0.304 -0.051 0 0 +0.013 -0.025 

1 -0.304 -0.051 +0.063 +0.076 +0.076 +0.076 

2 -0.531 -0.089 +0.139 +0.190 +0.139 +0.101 

3 -0.860 -0.152 +0253 +0.354 +0.215 +0.177 

4 -1.139 -0.190 +0.405 +0.582 +0.316 +0.177 

5 -1.543 -0.253 +0.607 +0.987 +0.418 +0.405 

6 _ _ _ - _ 
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SPECIMEN 9 (cont.)  

Gauge 
No. 

Load 
Stage 

(A-B) 

(G-H) 

(B-C) 

(H-I) 

(D-E) 

(j-K) 

(E-F) 

(K-L) 
27-28 29-30 

_ 

31-32 

Slab 0 0 +0.038 -0.038 +0.013 0 +0.025 

1 +0.038 +0.038 +0.038 -0.038 +0.025 0 0 

2 +0.076 +0.101 +0.051 -0.025 +0.013 -0.038 -0.038 

3 +0.127 +0.152 +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 +0.240 +0.063 -0.038 -0.063 -0.291 -0.240 

6 - - - - - - - 

Gauge 
No 

Load 
Stage 

33-34 35-36 
37 
40 
43 

38 
41 
44 

39 
42 
45 

46 
47 
48 

slab 0 -0.013 -0.025 0 +0.025 +0.081 

1 -0.013 -0.025 +0.101 +0.101 +0.152 +3.491 

2 -0.025 -0.051 +0c228 +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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SPECIMEN 12  

Gauge 
No 

Load 
Stage 

1-14 2-15 3-16 4-17 5-18 6-19 7-20 

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 -0.443 -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 
No 

Load 
Stage 

8-21 9-22 10-23 11-24 12-25 13-26 

Slab -0.013 +0.051 -0.013 +0.025 -0.013 0 

1 +0.025 +0.089 +0.038 +0.089 +0.089 +0.076 

2 +0.038 +0.102 +0.139 +0.228 +0.114 +0.152 

3 -0.063 +0.152 +0.253 +0.367 +0.215 +0.228 

4 -0.430 +0.089 +0.430 +0.544 +0.291 +0.316 

5 -0.784 +0.076 +0.683 +0.797 +0.380 +0.468 

6 -1.594 -0.139 +0.911 +0.923 +0.342 +0.392 

7 _ _ _ _ _ _ 
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SPECIMEN 12 (Cont)  

Gauge 
No 

Load 
Stage 

(A-B) 

(G-H) 

(B-C) 

(H-I) 

(D-E) 

(J-K) 

(E-F) 

(K-L) 
27-28 29-30 31-32 

Slab +0.025 -0.025 +0.013 0 +0.013 -0.013 +0.013 

1 -0.025 0 +0.051 -0.025 -0.013 -0.038 -0.025 

2 -0.013 +0.051 +0.051 -0.038 -0.063 -0.076 -0.076 

3 +0.013 +0.076 +0.013 -0.025 -0.102 -0.102 -0.114 

4 +0.063 +0.102 +0.038 -0.051 -0.089 -0.190 -0,215 

5 +0.089 +0.126 +0.038 +0.013 -0.139 -0.354 -0.354 

6 -0.278 +0.253 +0.051 +0.013 -0.746 -3.669 -3.542 

7 _ _ _ - - - - 

Gauge 
No 

Load 
Stage 

33-34 35-36 
37 
40 
43 

38 
41 
44 

39 
43 
45 

46 
47 
48 

Slab +0.025 +0.038 -0.018 0 -0.008 +0.075 

1 -0.025 -0.013 +0.344 +0.210 +0.140 +0.838 

2 -0.063 -0.089 +0.455 +0.286 +0.261 +1.224 

3 -0.102 -0.076 +0.691 +0.445 +0.412 +1.659 

4 -0.152 -0.025 +1.002 +0.622 +0.683 +2.172 

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 
No 

Load 
Stage 

1-14 2-15 3-16 4-17 5-18 6-19 7-20 

Slab -0.038 0 +0.013 -11.815 -9.437 -7.236 -5.111 

1 -0.038 0 +0.013 -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 -0.089 -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 
No 

Load 
Stage 

8-21 9-22 10-23 11-24 12-25 13-26 

Slab -2.960 -0.886 +0.013 0 -0.013 -0.013 

1 -3.922 -1.012 +0.076 +0.051 +0.051 0 

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 -5895 -1.569 +0.380 +0.304 +0.228 +0.127 

5 -6.452 -1.746 +0.506 +0.430 +0.278 +0.202 

6 -7.008 -1.872 +0.633 +0.607 +0.380 +0.253 

7 -7.590 -1.999 +0.835 +0.810 +0.455 +0.354 

8 - 
- 

- - - - 
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SPECIMEN 15 Cont.)  

Gauge 
No 

Load 
Stake 

(A-B) 

(G-H) 

(B-c) 

(H-I) 

(D-E) 

(J-K) 

(E-F) 

(K-L) 
27-28 29-30 31-32 

Slab -0.013 -0.038 +0.127 0 -0.025 0 -0.013 

1 +0.038 -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 -0.063 

4 +0.152 +0.063 +0.177 -0.013 -0.177 -0.089 -0.127 

5 +0.202 +0.101 +0.177 -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 - - - - - - - 

Gauge 
No 

Load 
Stage 

33-34 35-36 
37 
40 
43 

38 
41 
44 

39 
42 
45 

46 
47 
48 

Slab 0 0 -0.051 0 +0.051 +0.386  

1 +0.013 -0.013 +0.025 +0.101 +0.228 +1.320 

2 +0.013 -0.013 +04127 +0.253 +0.380 +1.624 

3 -0.013 -0.038 +0.253 +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 +1.189 +1.214 +2.944 

7 -0.202 -0.266 +1.113 +1.594 +1.569 +3.350 

8 - _ - _ _ - 

9 - - - - - - 
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SPECIMEN 17  

Gale 

Load 
Stage 

1-14 2-15 3-16 4-17 5-18 6-19 7-20 

Slab -0.013 +0.013 0 -1.746 -1.442 -1.113 -0.759 

1 -0.038 +0.013 0 -1.847 -1.518 -1.164 -0.810 

2 -0.051 +0.013 +0.013 -2.024 -1.695 -1.341 -1.012 

3 -0.051 +0.025 +0.025 -1.771 -1.543 -1.316 -1.088 

4 -0.051 +0.025 +0.038 -1.543 -1.467 -1.366 -1.214 

5 -0.051 +0.025 +0.051 -1.366 -1.467 -1.518 -1.518 

6 -0.076 +0.013 +0.063 -1.265 -1.569 -1.872 -2.100 

7 -0.063 +0.013 +0.127 -1.341 -2.505 -3.744  -4.883 

8 - - - - - - - 

Gauge 
No 

Load 
Stage 

8-21 9-22 10w23 11-24 12-25 13-26 

Slab -0.430 -0.101 -0.013 0 -0.013 0 

1 -0.455 -0.101 +0.013 +0.013 +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 +0.139 

4 -1.012 -0.430 -0.076 +0.051 +0.190 +0.165 

5 -1.341 -0.582 -0.190 +0.076 +0.266 +0.228 

6 -2.226 -1.063 -0.253 +0.076 +0.316 +0.316 

7 -5.870  -4.453 -0.506 +0.076 +0.506 +0.455 

8 - - - - - - 
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S 

SPECIMEN 17 (Cont.), 

Gauge 
No. 

Load 
Stage 

27-28 29-30 31-32 33-34 35-36 
37 
40 
43 

38 
41 
44 

39 
42 
45 

46 
47 
48 

Slab 0 0 +0.013 0 +0.013 -0.228 0 -0.025 0 

1 0 +0.025 +0.013 +0.013 +0.025 -0.380 -0.025 -0.033 -0.026 

2 0 +0.025 +0.015 +0.025 +0.058 -0.481 -0.076 -0.051 -0.041 

3 0 +0.025 +0.013 +0.025 +0.025 -0.557 -0.101 -0.076 -0.041 

4 0 +0.025 0 +0.025 +0.025 -0.633 -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 +0.038 -0.051 -0.051 +0.025 -3.517 -0.557 -0.329 -0.061 

8 - - - - - - - ,- - 

• 
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SPECIMEN 20  

Gauge 
No 

Load 
Stage 

1-14 2-15 3-16 4-17 5-18 6-19 7-20 

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 -11.436 

2 -0.038 -0.038 -0.063 -28.640 -23.048 -17.533 -12.220 

3 -0.051 -0.051 -0.076 -30.613 -24.592 -18.646 -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 
No 

Load 
Stage 

8-21 9-22 10-23 11-24 12-25 13-26 

1 -1.316 -0.253 +0.329 +0.076 +0.051 +0.051 

Slab -3.467 -0.784 +0.316 +0.089 -0.026 +0.064 

H -6.578 -1.847 +0.481 +0.152 +0.038 +0.038 

2 -7.008 -1.898 +0.582 +0.253 +0.063 +0.089 

3 -7.388 -1.973 +0.759 +0.367 +0.127 +0.177 

4 _ _ _ _ _ _ 

5 
-7.944 -2.100 +1.088 +0.658 +0.278 +0.354 

6 -9.968 -2.657 +1.670 +1.088 +0.443 +0.582 

7 - - - - - 
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SPECIMEN 20 (Cont.)  

Gauge 
No 

Load 
Stage 

(A-B) 

(G-H) 

(B-C) 

(H-I) 

(D-E) 

(J-K) 

(E-F) 

(K-L) 
27-28 29-30 31-32 

1 +0.038 0 +0.089 +0.038 +0.025 +0.013 +0.038 

Slab +0.051 -0.025 +0.178 +0.076 0 +0.038 +0.076 

H +0.013 -0.101 +0.114 +0.063 +0.025 +0.038 +0.101 

2 +0.038 -0.114 +0.139 +0.089 +0.038 +0.025 +0.076 

3 +0.063 -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 +0.190 +0.065 +0.101 +0.076 +0.139 -0.266 -0.228 

7 - - - - - - - 

Gauge 
No 

Load  
Stage 	

N, 
33-34 

-- 

35-36 
37 
40 
43 

38 
41 
44 

39 
42 
45 

46 
47 
48  

1 +0.038 +0.013 +0.026 +0.102 +0.152 +0.690 

Slab +0.051 +0.026 +0.001 +0.102 +0.177 +0.893 

H +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 +0.936 +1.063 +2.375 

6 -0.202 -0.278 +2.808 +1.619 +1.619 +3.370 

7 - - - - - - 
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APPENDIX D. CHARAC1ERISTIC OF STRESS FUNCTION IN THE FLOOR PART OF THE  

JOINT. 

The assumption of linear variation of strength value in the floor part 

produces a stress function which is a parabola of 3
rdorder. This function 

is expressed in chapter six in the following form: 

  

= Au
3 Bu2 + Cu + D 

 

(D.1) 
ff 

where 

 

2c- (u varies between 0 and 1) a 

A = 	(1 - 	)(;a.  - Z1)2  

[2 (1 - 0(ia  - Zi) (1 - Fl) + (Ea  Cl)]! 

C = 2 (ea 	(1 - el)  - (1 - 11) (2 - el)  Z, 

D 	
- 

= 	(2 -8"1  - el
l) 

F2  Since 	= 	< 1 	A is always + ve. 

Various forms of expression (11.1), 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 e1. For the purpose of investigation of extremum points the first 

derivative of the function must be investigated: 

/au),  kr-) = 3 A u2 + 2 Bu + C 

 

(D.2) 

 

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

u2  + 2 3A  
B —u + — = 0 gives extremums 

1/1,2 

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

e1 values. 

I. 	ea > 0 
	

e1 	0 	(Fig. D,2) 
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In this case B < 0, - -3-A- > 0 and C > 0 always. 

If - TA- = P 	and 	3T = R 

2 
2(1 - 1.1)(sa  - y(1 - ;1)(Ea  - 

3(1  - 11)( a,  - 

_ 	 
3 	

2 
E - a 8 1 

Since e < 1 a — 

1 - s1  > Ea 	el hence —  

> 1 sa  - 71 — 

On the other hand, since 11,4( 1 - 	1 	> 1 hence the part of P in 1 
- 

brackets is bigger than 3 and thus P > 1. 

a. If R P2  

u1, 2 = P 	VP2  - 

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 P2 > R 

Let Ki 	VP2  R I 	(0 < K1< 12) 

ul 	P - Ki > 0 

u2 	= P + Kl  > 1 

Since u2  > ul 	u2  corresponds to minimum and u to maximum. Since 
1 

ul  = P - Ki  may have the values less than 1 or more than 1 two possible 

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

1-e1  
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c.  

P 

If second derivative of the function is investigated 

on  t 
= 6 Au + 23 ff 

a 
B 	u\" 	0 hence 

for u = - 3A - 

for u = P there is an inflextion point and no extremism points exist. 

Since P> 1 stress distribution is as shown in Fig. D.2b. 

a > 0'1 > 0, 	(7a - I) > 0 (Fig. D.3) 

In this case P > 1 always. 

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

b. If C < 0 

R < 0 always hence V P2  - R > P 

Let K2  = VP2  

ul  = P - K2 < 0 

u2 	P + IC2  >P 

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

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

III. ea 	
el  > 0 

In this case A = B = 0 hence 

d 
= Cu D ff 

-Stress distribution is shown in Fig. D.4 
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Za  > 0 1  > 0 	(Ea - 1) < 0 

In this case C < 0 always. 

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

b. If B > 0 

Pcc: 0 always. Hence 

1 	
P - K2  < 0 

u2 	P K2 > 0 

Only minimum can be in the region concerned. Hence two possible stress 

distributions corresponding to u2  > 1 and to 0 < u24‹ I are shown 

in Figs. D.5a and D.5b respectively. 

V. ea < 0 - -Z1 
 > 0 

In this case C < 0 always. - Therefore this case is identical to that 

in (IV). 
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FIG.D.1 VARIOUS POSSIBLE FORMS OF 
rd 

A 3 	DEGREE PARABOLA 
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(a) ( b) ( c) 

FIG.D.2 	STRESS DISTRI BU TI ONS IN FLOOR 

PART WHEN Ca  >0 	El < 0 

  

E 1 

   

    

FIG.D.3 STRESS DISTRIBUTION IN FLOOR 

PART WHEN 	Ca> Ei> 0 
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Ea 

FIG. D.4 	STRESS 	DISTRIBUTION IN FLOOR 

	

PART 	WHEN Ect 11  El 

( a ) 
	

b) 

F1G.D.5 STRESS DISTRIBUTIONS IN FLOOR 

PART WHEN 
	

> Ea> 0 
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APPENDIX E. REDUCTION OF al  AND pi  VALUES  

In paragraph (6.5.5) a, and pi  values are given for different cases. 

Calculations leading to those formulae are given below. 

The stress function is F(u) = Au3  + Bu2  + Cu + D where 

A 	( 	1)(ea  - .1)2  

• 2 ( 11  - 1) ("e-a,  - Zi) (1 - 	(Ea 	1)2  

• ( 	- 1) (2 e1 - 1 2) 2(Fa - Zi) (1 Fl) 
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