TABLE B7 SCHEDULE OF MEASURED AND MODEL MEAN
PEAK RESISTANT SHEAR STRESS
FOR SPECIMENS IN CHAPTER 4
Specimen d a/d fcu p c VR VRm
Type
(min) (MPa) (%) (MPa) (MPa) (MPa)
Prestressed 50 1,0 30 1,6 6,0 13,0 12,5
Slab (punch)
" 50 1,5 30 1,6 6,0 5,8 6,0
£ 50 2,4 30 1,6 6,0 3,4 4,0
" 50 1,0 30 1,6 6,0 1253 12.5
b 50 1,0 30 1,0 3,0 8,9 8,6
" 75 1,0 30 0,7 3,0 6,5 6,5
" 75 1,0 30 1.2 6,0 8,7 10,1

307




APPENDIX C

EST RESULTS PERTINENT TO CHAPTER 5

A summary of the test results for Chapter 5 is included in this
Appendix. Examination of this test data indicates that the par-
tial elimination of local bond does not have a significant in-

fluence on the shear performance of the structural elemecut.

The tes. results have again been recorded against the five pa-
rameters which have “cen perceived within the scope of this re-
search as having the major influence on the shear performance of

the reinforced concrete structural elements.

A new, universal model for the evaluation of resistant shear
stress is proposed in Chapter 8. This model is developed inde-
pendently of the influence on shear performance of local bond.
The predicted resistant shear stress for each structural element

according to this model is presented adjacent to the test result
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for direct comparison. The notation used in this table is con-
sistent with the remainder of the thesis, and all parameters are

defined in the list of symbols.
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TABLE C1 SCHEDULE OF MEASURED AND MODEL MEAN
PEAK RESISTANT SHEAR STRESS
FOR SPECIMENS IN CHAPTER 5
Opecimen d a/d fcu p U Ve va
Type
(mm) (MPa) (%) (MPa) (MPa)
R C Beam 220 1,0 20 0,5 0 2,3 2,4
(2 pt load'g)
(debonded)
= 220 1,0 20 1,0 0 2,8 3,2
X 220 1,0 20 2,0 0 3,6 3,9
" 220 1,0 20 3,0 0 3,8 4,2
R C Beam 220 1,0 20 0,5 0 2.3 2,4
(2 pt load'g)
(normal bond)
" 220 1,0 20 1,0 0 3,0 3.2
" 220 1,0 20 2,0 0 3,3 3,9
" 220 1,0 20 3,0 o 3,6 4,2




APPENDIX D

TEST RESULTS PERTINENT TO CHAPTER 6

A summary of the test results for Crapter 6 is included in this
Appendix. Exami ~tion of this test data indicates the consistent

performance of deep sections relative to the other parameters.

The test results have again been recorded against the five pa-
rameters which have been perceived within the scope of this re-
search as having the major influence on the shear performance of

the reinforced concrete structural elements.

A new, universal model for the evaiuation of resistant shear
stress is proposed in Chapter 8 and the predicted resistant shear
stress for each structural element according to this model is
presented adjacent to the test result for direct comparison. The
notation used in this table is consistent with the remainder of

the thesis. The link reinforcement ratio, u, is identified more
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clearly by the additional notation that (v) implies vertical

links and (h) horizontal links.

In order tc demonstrate that shear resistance enhancement by us-
ing links appears to decrease for shallower sections, additional
results are presented in Table D1, together with the model pred-

ictions.

312



313

TABLE D1 SCHEDULE OF MEASURED AND MODEL MEAN
PEAK RESISTANT SHEAR STRESS
FOR SPECIMENS IN CHAPTER 6

Specimen d a/d tcu p M Ve Vous
Type

(mm) (MPa) %) (MPa) (MPa)

R C Beam 1170 0,9 35 1,5 0 1,9 1,8
(1 pt load'g)

" 1170 0,9 35 1,5 0,004v 4,0 3,8

" 1170 0,9 35 1,5 0,004h 3,8 3,4

1,002v
= 1170 0,9 25 1,5 +0,002h 3,8 3,6
R C Beam 220 1,0 20 1,6 0 3,6 9.7
(2 pt loading)

" 220 1,0 20 1,6 0,004v 4,7 5,3

= 220 1,0 20 1,6 0,002v 4,0 4,5

" 220 2,0 20 1,6 0 1,4 1,5

" 220 2,0 20 1,6 0,004y 3,5 4,1

- 220 2,0 20 1,6 0,002v 2,8 2,8

" 220 2,0 20 1,6 0,004h 1,7 1,9




APPENDIX E

DIAGONAL SHEAR CRACK WIDTH MEASUREMENTS

Measurements of the maximum crack width of the diagonal shear
crack which precipitated shear failure for a variety of struc-
tural types are given in Tables E1 and E2 of this Appendix. As
is evident from these tables, there appears to be no distinct
trend regarding the value of this crack width with respect to any
of the major parameters considered in this work for specimens both
unreinforced or reinforced for shear. In particular, the maximum
crack width measured did not vary appreciably over the signif-
icant depth variation considered. The measurements were taken
usiag both demec readings and scaling off appropriate photo-

graphs.
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TABLE E1 SCHEDULE OF DIAGONAL CRACK WIDTHS
MEASURED AT VIRTUALLY THE INSTANT
OF PEAK SHEAR RESISTANCE.

Specimen d a/d fcu p M VR va Crack
Type Width
(mm) (MPa) (%) (MPa) (MPa) (mm)

R C Beam 125 1,0 25 0,5 0 3,3 3,3 0,9

(2 pt load'g)

" 125 1,0 25 .5 0 5,8 5,8 1,5

" 125 1,0 40 1,5 ] 6,0 6,6 1.3

" 175 1,0 25 0,5 0 2,8 2,9 1.3

- 175 1,0 25 1,5 0 4,0 4,7 i,0

i 175 1,0 40 1,5 0 4,3 5,4 1,4

" 175 0,8 20 1,58 0 4,8 5,8 p I

" 175 1,0 20 1,5 0 3,6 4,2 1,4

" 175 1,5 20 1,5 0 1,8 2,1 1,6

o 175 2,0 20 1,5 0 1,4 1,5 1,4

" 175 3,0 20 1,5 0 1.3 1.5 1,5

" 270 0,9 &0 0,5 0 3,4 3,2 1.2

" 270 1,0 45 0,5 0 3,5 2,9 1,3

" 270 1,0 25 1,5 0 3,4 3,6 1,0

" 220 3,0 20 2,0 0 1,3 1,4 3,3

" 220 3,0 25 2,0 0 1,4 1,5 1,6

" 220 3,8 20 2,8 0 1,4 1,4 1,4

e i T
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TABLE E2 SCHEDULE OF DIAGONAL CRACK WIDTHS
MEASURED AT VIRTUALLY THE INSTANT
OF PEAK SHEAR RESISTANCE.
Specimen d a/d fcu p " VR Vem Crack
Type Width
(mm) (MPa) (%) (MPa) (MPa) (mm)
R C Beam
(2 pt load'g)]| 570 0,9 20 0,5 0 2,6 1,9 12
. 570 0,9 40 0,5 0 2,9 29 1,5
" 570 1,0 20 1,8 0 2: 1,9 0,9
" 570 0,9 50 1,5 0 3,9 31 1,0
= 1170 0,9 45 0,5 0 1,9 1,7 1,3
" 1170 0,9 25 1,5 0 1,8 X8 %
" 1170 0,9 35 1,S 0 1,9 1,8 1,4
" 1170 0,9 35 1,5 0,004v 4,0 3,8 1,4
" 1170 0,9 35 1,5 0,004h 3,8 3,4 1,5
0,002v
" 1170 ¢,9 25 1,5 +0,002a 3,8 3,6 1,4
Haunched 270 0,6 20 1.3 0 - % ) 2,0 1,3
in-situ corb.
" 270 0,6 40 0,4 0 4,2 4,6 P |
" 270 0,6 40 1,3 0 5,4 7.3 1,4
. 270 0,6 20 0,4 0 3,1 3,7 1,1
Prismatic 220 1,0 30 0,5 0 % 2,8 1,4
Corbel
" 220 1,0 30 1,0 0 3,6 3.7 1,7
" 220 1,0 30 2,0 0 4,2 4,6 1,3
e 220 1,0 30 3,0 0 4,7 5,0 1.3




APPENDIX F

SAMPLE NON-LINEAR FINITE ELEMENT ANALYSIS

A typ.cal example of a non-linenr finite element analysis of a
prismatic corbel structural element is given in this Appendix.
The finite element mesh for this plane stress analysis is shown
in Figure F1. A large number of such analyses were undertaken
in order to assess the influence of various parameters on the
displace..2nt trends of the structure. Typical displacements at
pertinent points in the structural system are indicated in the

nodal printouts of the mathematical model.

The parameters of grade of concrete, flexural steel ratio, depth
of section and a/d ratio were all considered in these finite el-
ement analyses. Computur plots indicating the manner in which the
a/d ratio wa: varied in these analyses are included as an example
and the stress plots for the variation in this parameter are given

in Figure F2.
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The non-linear analyses were undertaken using 8 noded
isoparametric concrete elements with the element stiffness matrix
formulation incorporating a cracking model for the concrete. The
flexural reinforce nt was modelled using appropriat - truss ele-
ments. The sample printout indicates the zones of the prismatic
corbel which are cracked under the influence of increasing load.
While it is evident from the printout that the flexural ultimate
limit state of the structural element can be predicted from a
record of plasticity beiug attainea in the truss elewents, there
appears to be be no similar specific prediction of the occurence
of the shear ultimate limit state being attained in the corbel.
An evaluation of the displacement trends of the appropriate nodes
of these finite element analyses did, however, coincide well with
the test results and the predictions of the simplistic model. As
is clear from the sample resuits, an extended zone of cracking
is predicted by the model at the test resulti value of the ultimate
limit state of shear, and while this was somewhat in contrast to
the observed test behaviour of the develcpment of a single diag-
onal shear crack, the results could still be correlated reason-
ably well by concentrating and summing the effects of the finite

element cracking of the appropriate cracked zone.
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FIGURE F2 STRESS TRAJECTORY PLOTS WITH VARIAT ON
IN a/d RATIO FOR PARAMETRIC EVALUATION
USING PLANE STRESS FINITE ELEMENT ANALYSIS
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£Q. 1, MODAL DAMPING FACTORS ARE INPUT
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[ 0 O V]
o 0 0 0

GENERATED NODAL DATA

NODE

BOUNDARY COND{TION CODES

A Y 7 XX Yy 27
IN COORODINATE SYSTEM NRST )

)
1))
")

SIEPS

SUPERPOSITION ANALYSIS )

NODAL POINT COORDINATES

x Y Z
{ IN COORDINATE SYSTEM 1T )

NODAL

0,
0

50,
S0,
100,
100,
150.
150,
200,
200,
2%0.
250,
o0,
100,
350,
3%0,
Loo
wouo
W50,
Wh0,
500,
500,
550,
%0,
600.
600.

0

0

0000
0000
0000
00no
0000
nono
0000
0000
0000
0600
0noon
0000
0000
0000
0000
0000
0000
0000
0000
000
0000
0000
0oon
0000

0.0
Lo . ocoo
0.0
Wno. 0000
0.0
400, 0000
0.0
uno., ooon
0.0
w00, 0000
0.0
LOO ., 0000
0.0
W00, 0000
0.0
400, 0000
0.0
400, 0000
0.0
400, 0000
0.0
LOO ., 0000
0.
Hoo ., 0000

0.0
W00 . 0000

POIN) COOKDINATES

I = = = = e e e = B =

NRST MIDS

= OCCOOCOOOCOOCOCOoCCo0O0OSCOSO0
OOO0O0OOCOOOCOOSOO0000000000

DIRECTIONS OF V1 AND V2
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x Y 2 XA Yy 22 x h F 4 NHST
( IN CODRDINATEL SYSTEM NRST ) ( IN GLOBAL XYZ COOKD SYSTEM )
1 1 1 ) 1 1 1 0.0 0.0 0.0 0
2 1 1 1 1 1 | 0.0 0.0 0. 0000 0
3 1 1 1 1 1 1 0.0 0.0 100. 0000 0 326
L 1 1 1 1 1 1 0.0 00 150, 0000 0
) 1 1 1 1 1 1 0.0 0.0 200, 0000 0
6 1 1 1 1 1 1 0.0 00 250, 0000 (1}
1 1 1 1 1 1 1 0.0 0.0 300, 0000 0
8 1 1 1 1 1 1 0.0 0.0 150, 0000 0
9 1 1 1 1 1 1 0.0 0.0 4o . ouo O
0 1 0 o 1 1 1 0.0 S0, 0000 0.0 0
" 1 0 O 1 1 1 0.0 S0, 0000 100 000G 0
172 1 0 0 1 1 1 0.0 50. 0000 200, 0000 0
13 1 0 0 1 1 1 0.0 S0 000 0. nono o
L] 1 0 0 1 ' 1 0.0 S0, 0000 W00, 0000 0
19 1 0 0 1 1 1 0.0 1000000 0.0 0
6 1 0 0 1 1 1 0.0 100 anon S0, 0000 0
AR 1 0 0 1 A\l 1 C.v 1060 0000 100, 0nho (1]
18 . 0 0 1 1 1 (S U] 100, D000 150, Onhn [
19 1 0 (4] 1 1 1 0.0 100 0000 200, 0000 0
20 1 0 0 1 ] 0.0 Tk 000 2500000 0
21 1 0 O 1 1 1 ¢.0 100, 000t 300, 0u00 1]
22 1 0 0 1 1 1 0.0 Y00, OBOO 3500000 1]
23 1 0 0 1 1 1 0.0 1000000 4O0. 0000 0
24 1 [V} 0 1 1 1 0.0 150, 0000 u.0 0
29 1 0 (] 1 1 1 0.0 150, 0000 100 . 0000 (1]
26 1 0 0 1 1 1 0.0 15%0. 0000 200, 0000 0
21 1 0 0 1 1 1 0.0 150, 0000 300, 0000 0
28 1 0 o 1 1 1 0.0 150. 0000 Lou, 0000 0
29 1 0 0 \ 1 1 0.0 200, 0000 0.0 0
30 1 0 0 1 \ 1 0.0 2000000 50 0000 0
3 \ 0 0 1 1 1 00 200, 0000 100, 0000 0
i 1 0 0 1 ] 1 0.0 200 0000 150. 0000 0
i 1 " 0 1 1 1 0.0 200 butY 200, 0006 0
A 1 1] 4 1 1 1 0.0 200, 0000 290, 0000 0
3% 1 0 0 1 1 1 0.0 200, 0000 100, 0000 0
i 1 0 0 1 1 1 0. 200,000, 350, 6000 [
i g 1 0 0 \ 1 1 0.0 200, 0000 400, 0100 0
i8 1 0 0 1 \ 1 .U oS0, 0000 0.0 0
19 1 0 0 1 1 1 0.0 250, 0000 100, 0000 0
o 1 o 0 1 1 1 0.0 2500000 200, 0000 0
W 1 0 0 1 1 1 0.C 250, 0000 300,0000 o
W \ 0 0 1 1 1 0.0 25900000 Loo, 0000 0
43 1 0 0 | 1 1 0.0 300, 000 0.0 0
Wl 1 (1] o 1 1 1 0.0 300. 0000 50,0000 0
s \ 0 0 1 1 1 0.0 300, 0000 100, 0000 0
L6 1 ] 0 1 ' 1 u.0 300, 0000 150, 0000 0
W7 1 0 0 1 1 1 0.0 N 300, 0000 260, 0000 0
L) 1 0 0 1 1 1 0.0 300, Gaoo 250. 0000 0
W9 ' 0 0 1 1 1 0.0 300, 0000 300, Coun 0
50 ) (4] 0 1 1 1 0.0 300, 0000 350, Guvo o
5 1 ] 0 1 1 1 0.0 J00., 0000 00, 0000 0
52 1 o 0 1 1 1 0.0 350, 0000 0.0 0
53 ' n 0 1 \ | 0.0 150, 0000 100, 0600 0
S 1 0 0 1 1 1 0.0 350, 0000 200. 0000 0
5% 1 0 [\ 1 ' ' 0.0 35%0. 0000 300. 0000 0
56 1 0 o 1 ! \ 0.0 3%0. 0000 W00, 0000 0
-9 -
57 1 0 4] 1 1 | 0.0 KOO 0000 0o 0
58 1 0 0 1 1 1 0.0 400, 0000 50.0000 0
59 1 0 0 1 1 1 0.0 W00, 0000 100, 0000 1]
60 1 0 o 1 1 1 0.0 K00, GNOO 150. 0000 0
61 1 0 0 1 1 1 0.0 WooO 0000 200, 0000 0
62 1 0 0 1 1 1 0.0 4oo, 0000 2%0., 0000 0
63 1 4] 4] 1 1 1 0.0 W00, 0000 300, 0000 0
6u 1 0 0 1 ) ' 0.0 400, 0000 350. 0000 0
65 1 0 0 1 1 1 0.0 400, 0000 400, 0000 0
66 1 o0 o 1 1 1 0.9 4%0. 0000 0
67 1 0 0 1 1 1 0.0 w50, booo 160, 0000 o
68 1 0 0 | 1 1 0.0 450, 0000 200. 0000 0
69 1 ¢ o | 1 1 0.0 450, 0000 300. 0000 o0
10 1 0 0 9 1 1 0.9 450. 0000 Wno . 0000 0
n 1 o 0 1 ) 1 0.0 500, 0000 0.0 0
1w 1 0 0 1 1 1 00 500. 0000 50,0000 0
13 1 0 0 1 \ 1 0.n $00, 0000 100, 0000 \]
L 1 0 0 1 1 1 0.0 500, 0000 150, 0000 0
™ 1 0 0 1 1 1 0.0 500, 0700 200, 0000 0
16 1 0 0 1 1 1 0.0 500. 0000 250, 0000 V]
17 1 0 0 X 1 1 0.0 500. 0000 300, 0000 o
L] 1 0 0 1 1 1 G.o 500. 0000 1%0. 0000 0
9 1 U] 0 1 1 1 0.0 $00. 0000 400, 0000 o
80 1 U 0 1 1 1 0.0 %50 . 0000 0.0 0
81 1 o 0 1 1 1 n.o0 550. 0000 100, 0000 0
82 1 0 1] 1 1 1 0.0 5500000 200, 0000 0
a3 1 0 0 1 1 1 0.0 550, 0000 300, 0000 0
L 1 0 0 1 1 1 0.0 5%0. 0000 Loo ., 0000 0
85 1 0 0 1 1 1 0.0 6000000 0.0 [\
86 1 n 0 1 1 1 0.0 600, 0000 50. 0000 0
L34 1 0 0 1 1 1 0.0 600 0000 100, 0000 G
88 1 o 0 1 \ 1 0.0 600. 0000 150, 0000 0
89 | 0 0 1 | 1 0.0 600. 0000 2000000 0
90 1 0 0 1 1 i e.0 600, 0000 2%0.0000 0
9 1 0 0 | 1 1 0.0 600. 0000 300. 0000 v
92 1 0 0 1 1 1 0.0 600, 0000 350.0000 0
91 1 0 0 1 1 1 0.0 600, 0000 W00, 0000 o0

EQUAT ION NUMRERS

N X ¥ 7 xx Y
(V1) (V2] (VN)

~
~

TUN OB W —
cooooCc20Cc0o00CcoS
CNVvw-0000CSCSSO
oaxsFNnvOoCcOoTooOCe
ocooccocoscgooce
ooocooocecsoc20cC
= i-1-A-g-1-f-I-1-1_2-E-T-J=)

-t s
-

- 10 =



12 o 0 0

A
11

18 0 1% 16 0 0 0
17

18 0 18 0 0 0
19 0 19 20 0 0 0
20 o 2 P 0 1] 0
21 [ 2 2h V] 0 o
?? 0 2% 26 0 0 O
£ 0 i 8 0 0 0

2h 0 9 ju 0 0 0
2% 0 n 32 0 4] 0
26 0 3 I 0 0 0
: 34 0 39 16 0 0 0

9 0 19 Lo 0 0 0
30 0 LR w2 0 0 0
n o Wi il 0 0 [}
32 0 0y Lt 0 0 0
13 0 un 0 " 0
3 O w9 0 0 0 1]
Y 0 LA %2 0 0 O

36 0 53 Huy 0 n 0
37 0 % 56 0 0 0

AL 0 S Ha 0 0 '\
39 0 49 60 0 0 0
ho [} [ 62 \ 0 (
LR \] 63 (1] 0 0 0

b 0 64 66 0 0 0
L3 0 6! [ 0 0 0

b o 69 70 0 0 o
Y 0 Al " 0 0 0
L 0 3 i 0 0 (]
W’ 0 k] it 0 0 0
L) o 1 /8 0 (] 0
u o A L1 o (] (1]
%0 0 LB ar 0 0 0
"i ) LR} LI u © o

2 0 [ BO n 0 0
51 0 L4 HA 0 0 0
Y94 0 89 yu 0 0 i
5% o 91 9 o o 0
kL) u 93 94 0 0 0

51 0 94 96 0 0 0
58 n 97 us 1] 0 0
99 0 99 100 0 o 0

60 0 e O o O
6! 0 03 104 0 0 0
6? [V LI KA1 0 0 0
63 ¢ Yo7 ws 4] 0 O
64 0 Wwe o 0 [\] 0
64 FURN B B B O 0 (
66 0 vis M 0 0 0
6/ 0 1'% 16 0 u 0
68 0O 117 Va8 N 0 0
L] 0 119 2o 0 o 0
70 0o " e 0 U 0
n 0 V'3 12u 0 O 0
12 0 125 20 0 o 0
173 0 127 108 0 0 0

11 0 129 130 0 0 0
4] 0 3 1R 0 0 0
16 0 133 114 o C 0
117 0 135 13 0 0 0
8 0 137 138 0 0 0
79 0 139 L0 0 0 0
80 0 YuY e 0 0 0
8 0 Y43 Yhu 0 0 0
82 0 6% W6 0 o 0
83 0 a7 L8 0 0 0
84 0 Y9 1% 0 0 0
8% 0 15y %2 0 0 0
86 0 153 154 0 0 0
87 0 1% 1% 0 0 n
88 0 1957 198 0 (o] 0
89 0 1%9 160 0 0 0
G0 0 161 162 0 0 0
9 0 163 64 0 0 0
92 0 16% 166 0 0 n
93 0 1] 0

167 168 0 :
1 INITIAL CONDITIONS

INITIAL CONDITIONS CODE (ICON; =
£Q.0, ZEKO INITIAL CONDITIONS
£G. 1, INITIAL CONDITIONS ARL READ
(RUT RESTART OVER=RIDES 1CON)

INITIAL CONDITIONS PRINT=0UT CODE (I1PRIC)
£Q.0, DO NOT PRINI
£Q.1, PRINT

INITIAL TEMPERATURES CODE {1CONT)
FQ.0, INITIAL TEMPERATURES ARE NOT
READ FROM INPUT
£Q.1, INIVIAL VEMPERATURES ARE READ FROM INPUT

INITIAL TEMPLRATURES PRINT-OUT oot (1PrIT)
£Q.0, DO NOT PRINT INiTIAL TIMPLRATURES
£Q.1, PRINT INITIAL TEMPLRATURES

1 LEMENT GROUP DATA
FLEMENT G RO VP e s e e e os e sEeR =

ELEMENT DEFINITLON

ELEMENY TYPE . . . . . . o NPAR(Y) ). . =
£G. 1, TRUSS ELEMENTS

1Q.2, 2-DIM ELEMEN(S

£Q.3, 3-DIM [LEMENTS

FQ. 4, BLAM ELEMINTS

£Q.5, |90/BLAM LLIMENTS

£Q.6, PLAIE ELEMENTS

19 =

( NONLINEAR )

12 =
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EQ. 7, SHLLL ! (EMUNTS
tQ.8,9,10, EMPTY

QN1 2=DIM FLUID ELEMENTS
£EQ 12, 3-UIM FLUID ELEMEN"®

NUMBER OF CLEMENTS, ., . . . . . . . . . NPAR(T) ), | 24

TYPE OF ANALYSIS . . , . . &5 1 & ( NPAR(3) )., . = 1
O, LINIAR

. MATERIAL NONLINLAKT Y ONLY

, TOTAL [ AGKANGIAN | OF IULATLUN

Q.

Q.1
Q.2
£Q. 5 UPDATED LAGKANGIAN § IMULATIC

ELEMENT BIfin AND OELATH OPTIONS oo ot NPAK(W) ), 0

(Q.0, OPLION NOT ACTIVE
FQ. 1, BIRIH OP1ION ACTIVL
EQ.2, DEATH OPTION ACTIVH

ELEMENT SURTYPI v & o« ol NPARLYS) X ?

£Q.0, AXISYMME TRIC II(O"N'Q
EQ. 1, PLANE STRAIN LLEMIENTY
FQ.2, PLANE SIRESS LLEMINTS
EQ. 3, PLANE STRESS ELEMENTS IN 3/D

Skiw COORDINATE SySTEM

REFERENCE INDICATOR v . v+« ol NPAR(G) ). . ¢ 0

EQ.0, ALL FLEMINT NCOLS

USE IHE GLOZAL SYSIEM ONLY
EQ. 1, ELEMINT %ODES RETER

10 Skiw COORDINATE SYSTEM

HAX NUMHEK OF NODILS DESCRIBING

ANY ONE ELEMUNT v v v o NPARLTY ). (]
DEGENTRAT IGN INDICATOR L NPAR(B) ). . - 0
FQ.0, NO DIGIENLRATION Of NO CORRECTION

FOK SPATIAL 1S0TKOPY
EG.Y, SPATIAL ISOTHOPY COKKLCTIONS APPLIED

10 SPECIALLY OEGENEKATED

B-NODL [LEMENTS

NUMBER OF INTEGKATION POINTS FOR
ELEMENT STIHENESS GENERAYION. . . . NPAR(YO)). = 2

NUMBEK OF STRESS OQUTPUT TABLES U NPAR(13)), . = 0

€Q.0, PRINT AT INTEGKAT ION POlN'S

MATERI AL DEF I NTLTILON

MATERIAL MODEL .. .1 NPAR(19)). )
Q. ), LINEAK FLASTIC 1SO1ROPIC
£Q. 2, LINEAK LIASHIC OHINOTROPIC
£Q. 3, THIRMOLLASTIC MODE
EQ. 4, NONL INEAK CURVE DESCHIPTION MODEL
EQ. 9, CONCRITE CRACKING MOOLL
Q. 6, (tMPIY)

EQ. 7, DRUCKER PRACER (CAP) MODIL

Q. A, ELASTIC=PLASTIC WITH ISOTROPIC HARDENING
EQ. 9, ELASTIC-PLASTIC WITH KINEMATIC HARDENING
FQ. 10, ELASTIC=PLASTIC WITH CREEP (ISOTROPIC)
EQ. 1Y, ELASTIC-PLASTIC WITH CREEP [KINEMATIC)
£Q.12, (tMP1Y)

EQ. 13, INCOMPRESSIBLE ELASTIC (MOONLY-RIVLIN)
£Q. 14, (EMPTY)

WUMBER OF DIFFERENT SEVS OF MATERIAL

CONSTANTS ., , ., . « v ol NPAR(16)). . = \
NUMBER OF MATERIAL CONSTANTS PER SET. . ( NFAR(YT)), | = 18
DIMENSION OF STORAGE ARMAY (WA)

PER INTEGRATION POINT . . . . . . .( NPAKR(20)), . 1%
SstTorRAnE I NFTOR“AT | ON

LENGTH OF ARRAY NEEDED TOR slomnn ELEMENT GROUP

DATA (GROU ™ 1), Coao w0 MIDESY )L L ¢ L9
MATERIAL CONSTANTS SEV KRUMBER | 1
OEN .ovvivnnne { DENSITY ). =  0,240000D=0D4

(A) UNIAXIAL PARAMETERS

INITIAL TANGENT MODULUS . . . . . . . (PROP(1)) 0.7 .0000D
POISSONS RAVIO . . . . . . . . . . . (PROP(2)) 0. 1500000+
COLFFICIENT OF THERMAL [YPANSION . . (PROP(Y)) 0.0

UNIAXIAL CUT=OFF TENSILE STRENGIH . . (SIGMAT) 0, 20000004
UNTAXTIAL MAXIMUM COMPRESSIVE STRISS | L (SIGMAC) -0, 2h0000OD+
COMPRESSIVE STRAIN Al SIGMAC o EPSC )e =0, 2%0000 e

UNTAXIAL ULTIMATE COMPRESSIVE SIRESS . (SIGMAU) - =0,200000D+
UNIAXIAL ULTIMATE COMPRESS IVE STRAIN . ( EPSU )= =0, 3500000~

(B) TRIAXIAL COMPRESSIVE FAILURE CURVES

- 13 -

0%
0o

n
02
ne
02
02

0.7%00
2.15%00
2.5%00
2.4000

1.0000
2.5000
2.9%00
2.8000

1.2060
2.8000
3.3000
3.1000

PRINCIPAL CURvE NUMBER
STRESS RATI0S/ I= ? k)
SPI(1) 0.0 0.2%00 0.%000
SPI(1,1) 1.6000 1.3500 1.7500
TAT SP2-5P1)
sP3(1,2) 1.2500 1.7000 2.1000
(AT SP2-BE 1A%SPY)

SP3(1,3) 2000 1. 6000 2.0000

- 4 -
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(A1 SP2-5P))

(C) VARIOUS OTHER CONTROL FPARAME ™! WS

- 16 =

STHESS FATIO VOK FAILURE SURIACE IaPUT | (BETA) 0. 7500000400
STHAINS SCALING TAUCTOR = MULT AXIALITY | (GAMA) = O 1000000010
CONTROL FOKR CHANG G MATERIAL | AW | (RAVA) 0. 1000000401
CONTROU FUR | OADING/UNLOADING CRITERION {ALTA) 0. %000000=01
SLIFFNLSS REDUCTION FACTOR | v v JISTITAC) = 05000000013
SHEAK REDUCTION FACTOR v » .(SNHAE) 0. 5000000+00
ELEMENT INFORMAT (ON
L] 1EL IPS  MIYP K Bt THIC ET M INTL S NODEY NOUL ¢ NODLE S
INTEGRAT TON GLOBAL
POINT x
1 R 0 1 " 0.0 150,000 00 0 17 3 1
2 0 1 Th 00 150, 000 0.0 o L8] V? 19
3 L] 0 ' h 0.0 150,000 u.n 0 L% 3N 2y
u L] 0 1 L] 0.0 150,000 0.0 0 59 UL L3
> 8 0 1 | 0.0 150, 000 0.0 (1} 7 9 51
6 L] 0 1 1 0.0 150. 000 0.0 0 LY 73 Al
14 a 1 W 0.0 150, 000 0.0 0 19 5 3
L) “ 1 1 0.0 150, oo 0.0 o 13 19 v
9 L] 1 T 0.0 150.000 0.0 O W7 33 3
10 a ) 1 T 0.0 150, 000 0.0 O 61 W7 UL}
" [ 0 1 1 00 150 . 000 00 0 LA] 6 59
12 ] 0 1 0.0 150, 000 0.0 0 89 7% 73
13 8 1 1 A 4] 150, 000 0.0 0 21 4 L]
1) ] 1 \ 1 o 150 . 600 0.0 0 3% 21 19
14 8 1 1 Va 0.0 150, 000 0.0 0 w9 35 33
16 [} || 1 T 0.0 150 000 0.0 0 63 Wy Wi
1" ) \ 1 1 0,0 150 000 0.0 0 1 63 6
18 [} I 1 1 0.0 140, 000 0.0 0 21 1 143
9 8 0 1 " 0.0 150 000 0.0 0 23 9 7
- 15 =
20 A 0 1 1 0.0 150. 000 n. 0 LR 23 EAl
2 L} 0 1 " 0.6 150,000 0. [ 5 37 15
22 L} 0 1 1 0.0 150. 000 n.o 0 (33 51 u9
23 8 0 1 i 0 150,000 0.0 0 9 65 63
24 8 v ' ! 0.0 150, 000 0.0 0 93 79 7
1
ELEMENT B RON P iy bnii e nmaaEseds s a8 b = H ( NONL INLAR )
ELEMEN De¢ NI T I GN
CLEMENT TPl . . oo L NPAR(Y) ), » 1
£Q.1, TRUTC FLEMENTS
€Q.2, 2=DIM FLEMENTS
Q. 3, 3-DIM FLEMINTS
Q. ., BEAM FLEMINTS
EQ.Y%, ISO/REAM FLEMENTS
£EQ. 6, PLATE ELEMINIS
£Q. 7, SHELL ELFMENTS
£Q.8,9,.'0, EMPIY
(Q. V1, 2-DIM FLUID ELIMENTS
£G. 12, 3-DIM FLUID FLEMINTS
NUMBER OF FLEMINTS, . . . . . .o U NPAR(D) ) 10
TYPL OF NONL INEAR ANA| YSIS. .. ol NPAR(Y) ) = 1
£Q.0, | INLAK
EQ.1, MATERIALLY NONLINEAR ONLY
£G.2, UPDATED LAGRANGIAN FORMULATION
ELEMENT BIRIM AND [ \TH OPTIONS . . . . ( NPAR(W) ) 0
£Q.0, OPTION NO ACTIVE
EG. Y, BIRIH OPTION ACTIVE
£Q.2, DIATH OPTION ACTIVE
FLEMINT TYPE CODE T S NPAR(S) ) n
[Q.0, GINEKAL 3-D TKUSS
(Q.), RING FLEMENT
SKEW COORDINATE SYSTIEM
REFERENCE INDICATOR | . L NPAR(6) ). 0
£, 0, ALL ELEMENT NODLS
USE THE GLOBAL SYSTEM ONLY
£EQ. 1, ELEMENT NODES REFEW
10 SKEW COORDINATEL SYSTEM
MAY IMUM NUMBER OF NODES USED TO Dt SCRIM
ANY ONE ELEMENT . ( NPAR(T7) ). 2
INTEGRATION ORDER FOR 8‘”""\'5
CALCU'ATION . . . . v v v o ow o NPAR{10)), = 1

NODEW NODES
C(V)ORDGNAHS
14 n
29 25
W3 39
L = 4 53
n 67
85 LA
" 12
3 26
w5 Lo
59 Sk
73 68
87 82
19 13
33 27
W7 W
61 95
7% 69
a9 a3
2 \
35 28
u9 w2
63 56
mn 10
LAl LU

NODE®

60

22
36
50
64
”

329

NODE 7

10
24
.8
52
66
80

25
19
93
67
LA
w2
26
un
Y4
68
82
13

27
ul
55
69
83

NODES

30
L]
58
72

8
32
ue

Th
LL]
20
i
us
62
16
90
22

233

92




MAT LRI AL DEF NI T ION

MATERIAL MODI ( NPAR(15)). . = u

£Q. 1, VINEAK ELASTIC
£Q.2 NONL INLAE [ELASTIC
(STRESS=SIRAIN LAW SPECIFIED)

£Q. 3. THEKRMOLLASTIC

Q. 4, ELASTIC=PLASTIC ([ ISOTROPC)

£Q.5, LEASTIC=PLASTIC (RINEMATIC)

£Q.6, ELASTIC=PLASTIC=CREP (ISOTROPIC)

tQ. 7, FUASTIC=PLASTIC-CHEEP (KINEMATIC)

£Q. USER SUPPILIED MODEL
NUMBLR OF DIFFERENT SETS OF MATERIAL

CONSTANIS . . . L s .o . L NPAR(16)) 2
NUMBER OF MATERIAL CONSTANTS PER SET . ( NPAR(Y7)). . - i

LENGTH OF ARKAY NLEDED FOR STOKING ELEMENT GROUP

DATA (GROUP 2). . . . SOoMpest ). . 30

MAT LRI AL CONSTANTS

St1 AR A JEN t YIELD | 3 ¢
1 0. 3000000*0 3 0.0 0. 210000Ube0E 0. L200000+03 0.0
2 0. 7500000 +0; 0.0 G.2100000+06 G, 4200000403 0.0

ELEMENT INFTORMAT I ON

N 1ELD PSS MIYP wo ;.l‘:"\::l LENGTH 1M INTLOC NODE(1) NODE(2)
INTEGHAT ION
POINT *
) 2 1 1 \ 0.0 0.10000%0 0.0 0 9
2 2 0 1 ' 0.0 0.7 900D*03 0.0 0 23
3 & 0 1 ) (O 0. mu.onms 0.0 o a7
M 2 0 1 1 0.0 0.10000+03 0.0 0 51
b} 2 1 1 1 0.0 0 10000+03 0.0 0 65
6 2 a i 1 un 0. 1000003 0.0 0 9
14 2 1 2 1 0.0 0. Y000D*03 .0 0 Ly
a 1 =
L] 2 1 ? 1 0.0 ). 10000403 0.0 us
9 2 | 2 1 0.0 G.1000D+03 0.0 ur
n 2 ] 2 1 0.0 0.1000D+03 0.0 0 u9
1TOTAL SYSTEM DATA
NUMBER DF FQUATIONS JANEQ) = 162
KUMDER OF MATRIX ELEMENTS | CINWK) = W6k
MAYIMUM HAF BANDWIDINW . . . . . . . . . . . . (MA) = i
MLAN HALF BANDWIDTH w % m v e s s v ¥ b 8 ox oANA] = 2%
SAXIMUM BLOCK LENGTH (1sTomM) W16h
WMREE OF BLOCKS JINBLOCKR) = 1
AAK IMUM TOTAL STORAG! AVAILABLE. S MTOT ) = LO0DD

HUME & OF COLUMNS PER BILOCK AND 1ST COUPL ING BLOCK

NUM. R OF BLOCK 1
HUME % OF COLUMNE PER BLOCK 168
RS COUPL ING BLOCK 1
LOADS

tAPF LI v DATA

co CENTRATED LoOADS DATA
LOAD CURVE MULTIPL ARRIVAL TIME NODE GENERATION

N ([ IRECTION
3 =0, 100000401 0.0 a

L OAD CURVE
(4] . 1

®* END OF DATA PRINT ¢

TIMING INFOKMATION (OR  ME SOLUTION OF EQUATIONS FOR THE FIRGYT STEP

TIME AT ENTER UG THE EQUATION SOLVER = 95h709.00
TIME AT THE w0 OF SOLUTION OF EQUATIONS = Su75%6.00
1 PRINT vyt fFOR T ME stT¢e¢Pp 1 ( AT TIME

CONDITIONING OF THE COEFFICIENT MATRIX

LARGEST ELEMENT OF THE UNFACTORED STIFFNESS MATRIX =
SMALLEST ELEMENT OF THE UNFACTORED STIFFENESS MATRIX =

0.150900+08
0.303710+07

- 18 -

GLOBAL COORDINA
b

23
37
51
65
79
93
u.

u7
u9
5

0

330

NODE(3) NODE(4)
TES

wr+01 )
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LAKGLST DIAGONAL ELEMENT OF THL TACIOKIZED MATKIX =
SMALIEST DIAGONAL ELEMENT OF THE FACTORIZED MATRIX =

NO CQUILIBRIUM 1TEI M1 1ION IN THIS TIME STEP
STIFFNESS REFORKMED OR THIS TIME STEP

DI SPLACEMENTS

0. E595D08
0.180510+06

331

NODE X=DISPLACEMINT Y=DISPLACCMENT Z2-CISPLACEMENT X(V1)-ROTATION Y(V2)=ROTATION ZJ(VN)-ROTA 10N
47 0.0 ~0.4867770-03 =0. 45932001 0.0 0.0 0.0
us 0.0 0. 190480N-02 =0. 1461900~ 0.0 0.0 0.0
u9 0.0 0.4426%10-02 =0, 1U6949D-01 0.0 0.0 0.0
ISTRESS CAalLCU" AT I ONS fFOR ELEMENT GROUP 1 (/0 CONTINUUM)
(PLANE STRE.S)
STRESSLS ARE MEASURED IN GLOBAL CONRDINATE SYSIEM
13
1 0.5%610-01  C.I420=01 =0.1970+00 0,0 0.2330400 =0.1630+00 138.03 0 199D¢0) NO CRACK
‘g 0.37'D+00  D.%020-01 =0, 190D¢00 0.0 0. 43204060 =0, uk6D=-01 153,51 0,2000+01 NO CRACK
3 0.6U50=01  0.976D-07 =0, 2340b*00 0.0 G.2700%00 =0, 200D+00 136,10 0.198D+01 NO CRACK
L 0.3650:00 0.3240-01 =0.224D+00 0.0 0. L78D+00 =0.8070-01 153.2% 0.1990+01 NO CTACK
v
1 0.5340-01  0.2520-02 =0.2%30+00 0.0 0.2820400 =0.2260+00 137.87 0.198D+01 NO CRACK
? 0.3030%00 0. 1170=0V =0.2210%00 0.0 0. 4220400 =0, 1070400 151,72  0,19%0+01 NO CHACK
3 0.4110-01 0.3730-02 =0,2620+00 0.0 0,28%0+00 =0 2400400 137.04 0.1980+01 NC CRACK
u 0.2790%00  0.1330-0) =0.2300400 0.0 0.4V 10+00 = 190400 15G.n0  0.1990+01 NO CRACK
1%
1 0.3160-01  0.2190-02 =0,26%D+00 0. 0. 2830400 =0, 26490D+00 136.58 0.1980+01 NO CRACK
? 0.27'0%00  0,5490-02 =0,2320v00 0.0 O, 372640200 =0, WL 00 WLT7,.76 0, 1990401 NO CHACHK
3 0.17 D-01 =0 4220-02 <0.2670+00 0.0 0.274D%00 =0.2600+00 136.°6  0.1980+11 NO CRACK
“ 0. 1790+00 =0.8°70-02 =0.240D0+00 0.0 0.3430400 =0, V730400 145,02 0.1990+01 NO CRACK
16
1 0.6750=07 =0.2%8D=-01 =1.2660+00 0.0 0.257D%00 =0.2760+00 136.7% 0.1980+01 NO CRACK
2 M 153D00 =0,279D0-01 =0.244D+00 0.0 0.3090+00 =0, 204D+00 144,16  0,1980+01 NO CRACK
3 N264D~02 «0.5700-01 ~0.270D+00 0.0 C.264L0%00 -0, 7990+90 138,14 0.198D+01 NO CHACK
u U, 1200400 <0, IB7D=01 =0,224D+*00 0.0 0.279040N =0. 197,200 44,76 0.1980+0! NO CRACK
17
0.3060-01 =0, 154D+00 =0, 2%6D+00 0.0 0.2110400 + 0,3330+%00 4.9 0.1970401 NO CRACK
0.5400-02 =0,188D+00 =0,3170+GC 0.0 0.2010400 =0, 423D+00 143 .46 0.1960+01 NO CRACHK
0.%390-01 =0, 1950+00 =0, 177D+00 0.0 0. 1460400 =0, 2860+00 152.5% 0.1980+01 NO CRACK
0.1580400 -0, 3160400 =0,1210+00 0.0 0.187D+00 =0.345D+00 166.50 0.1970+01 NO CRACK
18
1 0.5770=01 «0,2060%00 =0.907D-01 0.0 0.859D-01 =0.2340+00 162.72 0,1980+01 NO CRACK
2 0. 1250%00 =0, 3280400 =0 118000 0.0 0, 154D+00 =0, 357D+00 166.2% 0.197D+01 NO CRACK
0. 3420-01 =0,1960+00 =0, 10eD-01Y 0.0 0.3670-0Y =0,1960: )0 177.36 0.198D+01 NO CRACK
~0.%190-0Y =0.2220¢00 0.5720-01 0.0 =0, 2450=01 =0.2400+00 16.93 0.1980+01 NO CRACK
1ISTRESS C 2 CULAT I ONS f OR ELEMEN GROUP 2 | TRUSSES )
ELEMENT  LOCATION STATL FORCE STRESS STRAIN PLASTIC STRAIN
1 1 ELAST.C 0.2903810+04 0.967936D+01 0. 4609220-24 0.0
- 19 -
5 1 ELASTIC 0.023890+01 0, 3432970400 0.1625230-0% 0.0
7 1 ELASTIC 0.328064D+02 0.437659D+00 0,208314D-0% 0.0
L] 1 ELASTIC 0.532668D+01 0.710224D-01 0.3382020-06 0.0
9 1 FLASTIC ~0.160231D+02 =0, 2136420400 =0.101734D-0% 0.0
" 1 ELASTIC ~0,3591080402  -0.4788110400  -0.228005D-05 0.0
1PR I N ouv1 FOR T I mMi STEDP 2 ( AT TIME 0.20000401 )
CONDITIONING OF THE COFFFICIENT MATR )X
LARGEST ELEMENT OF 'HE UNIACTORED STIFINESS MATHIX = 0. 150840408
SMALLFST ELEMINT OF THE UNIACTORED STIEFNESS MAITRIX = 0.301740407
LARGEST DIAGONAL ELEMINT OF THE FACTORIZED MATKIX 3 0. 145720408
SMALLEST DIAGONAL ELEMENT OF THE FACTORIZED MATRIX = 0.17571040¢
NO EQUILIBRIUM ITERATION IN THIS TIME STEP
STIFENLES REFORMED FOR THIS TIME S1EP
NPISPLACEMENTS
NOVE K=DISPLACEMENT Y=DISPLACEMENT Z2-DISPLACEMENT X{V1)=ROTATION Y(V2)~ROTATION Z(VN)~ROTATION
W7 0.0 =0.11%5%07D~02 =0.296754D-01 0.0 0.0 0.0
us 0o 0.3725W4D-02 =0.297211D-01 0.0 0.0 0.0
w9 0.0 0.88463LD-02 =0,2987070-01 0.0 0.0 n.o
ISTRESS CALCULATIONS roer L EMENT CROUP 1 (2/C CONTINUUM)

STRESSES ARE MEASURED IN GLOBAL COORDINATE SYSTEM

13
1 0.5200=-01 0,2600-01 =0 _396D¢00 0.0
4 0.6690+00 0.99/D-01 -0.3850400 0.0
3 0.104D+00  0,1900=01 -0 . 4/0G400 0.0
'“ K 0.72u4D400  0,.647D-01 =0 KS5UD*GD 0.0
1 2.9240-01  0.%B10-02 ~0,%08D+00 0.0
2 0.6000+00  0,2360-01 =0, 4UEDHOO 0 0
3 0.7110-01  0.9100-02 =0,%260+00 0.0
. u 0.5%30400 0.278D-01 =0, 46LD+00 0.0
A\l
1 0.5480-01  0.6320-02 =0.5310+00 0.0
2 0.4500400  0.1220=01 =0, 4690400 0.0
3 0.295D-01 -0.6280-02 -0.534D+00 0.0
¢ u N3SUDH00 =0.1510=N1 =0 UBLUD+00 0.0
1
| 0.1030-01 ~0.494D=01 =0.%320+00 0.0
2 0.264N+00 =0.5450-01 =0, 4890400 ©€.0
3 0.3430<02 =0,110D400 =0.5380+00 0.0
4 0,2400400 =0.7490-01 =0, 449D+00 0.0
17

- 20 =

0. 4570400
0.863D+00
0.5%33D+00
0.9%60400

0.5%520400
0.843D+00
0.5670+00
0.824D+00

0.%62D+00
0. 7u8D+00
0. 5450400
0.6B870+00

0.5%13D+00
0.46190+00
0.488" 00
0.5591 «00

(PLANE STRESS)

=0.3380400 137,41 0, 1970401 NO CRACK
=0.954D-01 153,23  0.199D0+01 NO CRACK
=0. 4100400 137.59 0.1970+0) NO CRACK
“0.167D*00 152.99 0.199D+01 NO CRACK
=0.5610400 137.43  0.1960+01 NO CRACK
=0.219D400 151 .4l 0.1980+01 NO CRACK
0. UB70+00 136.69 0.196D+01 NO CRACK
“0.2030400 149,74 0.198D+01 NO CRACK
=0.501D+00 136.31 0.196D+01 NO CRACK
=0.2860400 7.5 0.198D+0! NO CRACK
=0.5220400 115,96 0.196D+01 NO CHACK
=0, 3uAD 00 145 43 0.197D+01 NO CRACK
=L.5%52D+00 136,61 0,195D+01 NO CRACK
=0.409D+00 144,01 0.197D0%01 NO CRACK
=0.%95D+00 138.02 0.1950+01 NO CRACK
=0.394D+00 44,66 0.1970+M NO CRACK

NN L]



L194D+01 no CRACK 332

1 0.6060=01 =0, JUIDL0O0 =0, %5100+00 0.0 0 LenDeO) =0, 66 "' ¢00U TG P2 O
2 0.8890-02 ~0.3710¢00 -0.6310¢00 0.0 0. 4780400 <0.840UD*L. M1 %6 0,193D+0) NO CRACK
3 0. 108D+00 =0, 386D+00 =0.3%20+00 .0 0.2910400 =0.5690+00 15,  0.195%0+0) NO CRACK
ia K (. 3150460 =G, 6270400 ~0,240D+00 6.0 0.3730400 =0.685ND+00 1605  © 194D+0) NO CRACK
1 0. 16000 =0, 8100400 =0 180D*00 0.0 U, 1720200 =0.4E6D+0O0 162 78 2. 154D+0) NO CRACK
2 0.250D400 =0,6520400 =0.2370+0G0 0.0 0.3080400 =0, 7100400 166 13 0.1940+01 NO CRACK
3 0.6940=01 <0 396D+00 =0.206D=01 0.0 O.7030=01 =0 3900400 177 W4 u.19,D0+01 NO CRACK
4 =0.10LD+00 -0, LU2D+VO 0. 116D+00 0. 0. 6/60=-01 0. 478D*00 17.24  0.1950+01 NU CRACK
ISTRESS CALCULADY I ONS FOR ELEMEN GROU P 2 TRUSSES )
ELEMENT  LOCATION STATE FORCE STRESS STRAIN PLASTIC STRAIN
1 1 ELASTIC 0.9869260404 0.1956420+02 0.9316290-04 0.0
5 1 ELASTIC 0.2000290+013 0.6467620+00 0,3'7%060-0% 0.0
! ' ELASTIC 0.670143D02 G.893524D+00 0. 4254880-05 0.0
8 1 ELASTIC 0.125884D*02 0, 167846D*00 0. 799264,0-06 0.0
9 1 FLASTIC =0, 3077160402 =0.410288D+00 =0.19%375%D-0% 0.0
10 1 ELASTIC =0.7207300+02 =U. 9609 740D+00 U 4576070-0% 0.0
rPR I NTY ocu1t FOR T 1 ME ST P 3 ( AT TIME  0.30000+01 )
CONDITIONING OF THE COEFFICEENT MAIRIX
LARGEST ELEMINT OF THE UNTACTORED STIFINESS MATHIX - 0. 150640408
SMALLEST LLEMINT OF THE UNFACIORED STIFENESS MATKIX = 0.299930¢0/
CARGEST DIAGONAL ELEMINT OF THE FACTORIZED MATRIX 0. 16 1B90+0R
SMALLEST DIAGONAL ELEMENT OF THE TACIORIZEN MATRIX = 0. 154860*06
NO EQUILIMIUM 1I{RATION IN THIS 1IME STEP
STIFINLSL RETORMED FOR THIS TIME STEP
DrSPLACENENT S
NODE X=DILSPLACEMENT Y=UISPLACEMENT Z~DISPLACEMEN] X(V1)=ROTATION Y(VZ2)=ROTATION Z(VN)-ROTATION
L1 0.0 0. B9 70190=04 =0, %440180-01 0.0 0.0 0.0
ua 0.0 0.6787070-02 =0.545%6870-0 0.0 0.0 0.0
u9 0.0 0.17199370-01 =0, 58756001 0.0 0.0 0.0
ISTRELESS CAL CULAT I ONS fF OR ELEBENT CROUP 1 (2/D CONTINUUM)
(PLANE S1,.E55)
STRESSES ARE MEASUKED IN CLOBAL COORDINATE SYSTEM
13
1 0.36°0000 0. %% /0=01 =0 8700%00 0.0 O 080401 =0 674D*00 139,99 0, 194D+0 NO CHACK
2 0. 1560+0Y  0.Y4BD*00 =0 BBZD*VO 0.0 01970201 <0, 279D%00 154,17 0.1980+0) NO CRACK
i V. 4200+00 =0 . 95%40D=-C1 0. 9%10+0G 0.0 0.1150401 0. 8230400 42.58 0.1930+01 NO CRACK
= 31 =
" u =0.6WUD=0" <95, 457D+00 ~0.168D400 0.0 0.0 “0.518D+00 159.87 0.,1960+01 1 CRACK
1
1 0.4070400 =0, 1850400 =0.908D+0O0 0.0 0.107D401 =0, AUUD+00 144.03 0.193D+01 NO CRACK
2 0.1770401 -0, 3820400 -0.5530400 0,0 0.1420+01 -0.5520+00 162.91 0.1950+01 NO CRACK
3 0.2 4D+00 -0, 164D+00 -0.819D400 0.0 0.8960400 =0, 797D+00 142.32 0,1930+01 NO CRACH
s u 0.9730+00 =0.1520400 ~0.5%860+00 0.0 0.1220401 =0.402D+00 156.90 0.1970+01 NO CRACK
1 01570400 =0, 1290400 =0. 71950400 0.0 0.822D400 =0.794D+00 140.09 0.193D+01 NO CRACK
2 0.6940400 -0, 734D-01 =0, 6240400 N, 0 0.1040401 -0.4230+00 150.78 0,196D+01 NO CRACK
3 0.6920-01 =0,6900-01 =0, 794D+00 0.0 0.7970400 <0, 7970400 137.49 0.1930+0) NO CRACK
e u 0.5320400 =0,6%3D=01 =0, 7020400 0.1 0.997D400 ~0.530D+00 146.52 0.1960+01 NO CRACK
1 0.2201 1090400 =0, 75%0D+00 0.0 0.754D%00 <0 BLID*00 137,36 ©,193D+01 NO CRACK
2 0.800D*00 =0 T1ID+00 =0, J28D+00 0.0 0.9160400 -0 6270400 14L.68 0, 1950401 NO CRACK
3 0.3760-02 =0 1/80+00 =0.808D+00 0.0 0.7260400 =0.9000400 138,20 0.1930+0" NO CRACK
y u 0.3610400 =0, 1210400 =0, 6710400 N.0 0.8330+00 -0 5950400 144.91 0, 1950401 NO CRACK
Al
1 0.910D-01 =0, U61D+00 =0 76'D400 .0 0.6300400 <0 100D+01 144,90 0.1920401 NO CRACK
2 0.7910-02 <0 610400 =0 9urD00 0.0 0.713D400 =0 1270401 143.36 0.18%D+0) NO CRACK
k) 0.1610400 =0,%81D+00 -0.%300+400 0.0 0. 4370400 -~ . B57D400 152,49 ©.193D+0) NO CRACK
i u 0.474D+00 =0 . 9ULD+N0 =0.360D*00 0 O 0.560D+00 =0 1030401 166.55 0.1910+01 NO CRACK
L]
1 0.1760+400 =0 618D+00 =0 2700400 0.0 0.260D400 =0, 701D+00 162,86 0.1940+01 NO CRACK
2 0.376D4G0 =0.980D+00 -0,3620400 0.0 0 LETD40OO =0.107D+0Y 165,94 0.191D+0) NO CRACK
3 0.1060400 =0.581D+00 =0.2990-01 0.0 0.108D+00 =0, 5820400 177.%) 0.1950+01 NO CRACK
L) =0.1570400 ~0.660D+00 0.179D+00 0.0 =0.9970-01 <0. 7170400 17,68 0.1930+01 NO CRACK
1ISTRESS CALCULATIONS fFOR ELEMENT GROUP 2 ( TRUSSES )
ELEMENT  LOCATION SIATE foRCE STIRESS STRAIN PLASTIC STRAIN
1 1 ELASTIC 0.40%27D+0% 0. 4684230402 0.2230590-03 0.0
] 1 FLASTIC 0.2982630+0) 0.9942100400 0.u4734330-05% 0.0
17 1 ELASTIC 0.980538D402 0.131073180+00 N.6225640D-0% 0.0
L} 1 FLASTIC =0,329384D+01 =0, 439178001 =0.2091330-06 0.0
9 1 ELASTIC =0, 7462210402 =0.,99496 10400 ~0.473791D-0% 0.0
10 1 ELASTIC =0.1163420+03 =0.1%%1230+01 -0.758601D-0% 0.0
TPRINTY ou1 fFOR TIME STEP u ( AT TIME  0.4000D+01 )
CONDITIONING O THE COEFFICIENT MATRIX
LARGEST ELEMENT OF THE UNFACTORED STIFINESS MATRIX = 0.15002D+08
SMALLEST ELEMENT OF THE UNFACTORED STIFINESS MATKIX = 0.298230+07
LARGEST DIAGONAL ELEMENT OF THE FACTORIZED MATRIX 3 0.13%560+08
SMALLEST DIAGCNAL ELEMENT OF THE FACTORIZED MATRIX = 0.113620+06

NC EQUILIBP UM | TERATION l: ™ STEP

15 11
STIFFNESS REFORMID FOR THIS TIME ST
DISPLACLHENTS

M
£p

- 22 -




NODE X=DISPLACEMENT Y=-DISPLACEMENT Z-DISPLACEMENT X(V1)-ROTATION Y(V2)=ROTATION Z(VN)=ROTATION
u? 0.0 0.13u1450-01 =0.109704D+00 0.0 0.0 0.0
LWa 0.0 0.3301160-01 =0.110194D+00 0.0 0.0 0.0
u9 0.0 0.527466D-01 =0.1106650+00 0.0 0.0 5.0
ISTRESS CALCULAT I ONS FOR ELEMENT CROUP 1 (2/0 CONTINUUM)
( PLANE STRESS)
STRESSES ARE MLASURED IN GLOBAL COORDINATE SYS.EM
13
1 =0.102D0+00 -0.3760+400 -0.1960+00 0 N 0.0 =0.4770400 152.49 0.196D+01 1 CRACK
2 =0.967D-01 ~0.3680+00 -0.1890400 0.\ 0.0 =0, 4650400 152.87 0.1960D+01 1 CRACK
2 =0.3740-01 =0.51%D+00 =6,1390+00 0.0 0.0 =0.5520400 164,91 0.1950+01 1 CRACK
U 0.272D400 =0 LUBD+00 0 2890400 0.0 0.0 =0.176D+00 159.87 0.2000+01 1 CRACK
A
1 0.150D0*01 «0,6210400 «0.267D0400 0,0 0.1530401 =0.65uD400 172.92 0.195D+01 NO CRACK
2 =0.263D+00 -0, 7600400 0,2%60+00 0.0 =0, 1540400 =0. 8680400 22 .94 0.192D+0) NO CRACK
] 0.687D400 ~0.3210400 =0.756D+00 0.0 0.109D401 -0, 7250400 151.86 0,194D«01 NO CRACK
b =0.3480-01 =0.2390400 =0.913D-01 0.0 0.0 =0.27u4D+00 159,10 0.1980+01 1 CRACK
15
1 0.493ND+00 <0 4710400 =0.8950+00 0.0 0.1030401 =0, 101040 4%, 14 0.192D+01 NO CRACK
2 0.7150+00 =0.283D400 -0, 432D+00 0.0 0,.876D+00 =0, U4LLD*0O0O 159,54 0.1960+01 NO CRACK
3 0.181D+00 =0.214D*00 -0.9280D+00 0.0 0.932D400 =0.966D+00 141,01 0.192D+01 NO CRACK
I 0.7120400 ~0.8770-01 =0.789D+00 0.0 0.120D401 =0.573D400 148,43 0.195D+01 NO CRACK
16
1 N, 75%30-01 -0.,2330+00 =0.984D+00 0.0 0.9170400 =0.107D+01 139.4% 0,1910+01 NO C1ACK
2 0.4"20400 =0.1620+00 -0.888D+00 0.0 0.108D+401 =0, 794D+00 144.54 0.1930+0" NO CRACK
3 0. 1090-01 «0.264D+00 =0.1050+01 0.0 0.9310+00 =0.118D+0Y 138.73 0.1900+01 NO CRACYK
L 0.4570+00 -0.158D+00 -0.B880D+00 0.0 0.108D+01 =0 784D400 144,63 0.193D+01 NO CRACK
7
1 0.125D+00 =0.6320¢00 =6, 101D+0Y 0.0 0.8270400 =0, 1330401 45.26 0.189D+0C1 NO CRACK
2 0.128D-02 =0, 7530400 =0,126D+01 0.0 0.9380+00 =0, 1690401 143,34 0,186D+01 NO CRACK
3 0.214D+00 =0, 7810400 «0, 7050400 0.0 0.5790+400 =0.115D+01 152,61 G.190D+C1 NO CRACK
u 0.6220400 =0,126D+01 0. 475D%00 0.0 0, 744D+00 =0,138D+01 166.69 0.189D+01 NO CRACK
a
1 0.239D400 =0,828D+00 =0,359D+00 0.0 0, 348D+00 -0.938D+00 163.02 0.1%20+01 N CRACK
2 0.501D+00 =0_1310401 «0_ 458D+00 0.0 T E2UD400 =0, 143ND+01 165.85 0,188D+01 NU CRACK
3 0.144D+00 =0,7710+C0 -0.384D-01 0.0 0. 1460400 =0.7720+00 177.60 0.194D+01 NO CRACK
L) =0.2100400 -0.876D*00 0.243D+00 0.0 =1.1310+00 ~0,9550+00 18.05 0.1910+01 ND CRACK
ISTRESS CALCULATIONS FOR ELEMEN GROUP 2 ( TRUSSES )
ELEMENT  LOCATION STATE FORCE STRESS STRAIN PLASTIC STRAIN
1 1 ELASTIC 0.2780290+0% 0.9267620%02 C.4413150-03 0.0
5 ' FLASTIC 0. BILT95N+0 0, 1382650401 0.65840UD=-0% 0.0
7 1 ELASTIC 0.1 UB62D+03 0. 1478160401 0.703R87D-0% 0.0
8 1 ELASYIC =0, 7797500402 =0.103967D4+01 =0.4950790-0% 0.0
9 1 FLASTIC =0.151413040) =0.201884L*O -0.9613500-05 0.0
10 1 FLASTIC ~0.110002D+03 =0, 1666101 +01 -0 _698428D-0% 0.0
1 PR INT out FOR T 1M STEP 5 { AT TIME 0.5000D0+01 )
- 23 -
CONCITIONING OF THE COEFTICIENT MATHIX
LARCEST ELEMINT OF THE UNFACTOKED STITFMESS MATKIX 0.148290+08
SMALLE. T FLEMINT OF THE UNTACTORED ST/FFNESS MATRIX = 0. 189010+ 7
LARGESY DIAGONAL ELEMINT OF THE FACTORIZED MATHIX 0. 1093 )eus
SMALLEST DIAGONAL ELEMENT OF THE FACTORIZED MATHIX = 0.851210%0%
NO EQUIL IBRIUM I TERATION IN THIS TiME STEP
STIFINESS REFORMED FOK THIS TIME STEP
DI SPLACEMENTS
NODT X=DISP _ACEMENT Y-DISPLACEMINT Z-DISPLACEMENT X(V1)=ROTATION Y(V2)=ROTATION Z(VN)=ROTATION
L 0.0 G 42 7uin=0 =0, YIBHND YO0 0.0 0.¢ 0.0
un v.0 O.8005%% L= =0 1993505000 0.0 0.0 0.0
w9 0.0 0.1169380400 =0 20084 7D+00 0.0 0.0 0.0
1ISTRESS CALCULAT I ONS fFOR tLEMENT GROUP 1 (2/0 CONTINUUM)
(PLANE STTESS)
SIRESSES AKL MEASUREL IN GLOBAL COORDINATE SVSTEM
13
1 =0, 2000000 =0 01000 <0 457000 0.0 0.0 =0, 1210401 1%2.49 €. 2000401 1 CRACK
? =0 5200000 =0 1270601 =0 B3I3DCO0 0.0 0.0 =0.1790+01 152,87  0.2000¢0) 1 CRACK
k) 0.90606-01 =0, 124D*2Y 0 V0VD-02 0.0 0.0 =0, 1150400 164,91  0.2000+0" 1 CRACK
" 0.290D=01 =0 1220401 -0.1850+00 0.0 0.0 =0, 1200401 159.87 0,2000+01 1 CRACK
W
1 0. VI80D40) =0 BO6D*OO 0. 353D400 0.0 0 1820401 <0 8530400 7.6% G 1930+ NO CRACK
2 0.6010=-03  0.%360-U2 0. V180D=02 C€.0 0.0 0.596D-02 161,49 0,200D¢01 1 CRACK
3 0.5070400 0. YWHDYO0 =0, 63RD*00 0.0 0.9890400 ~0.33190+00 TH2.94 0,1970+0 NO CRACK
u =0, 2670400 0. 4150400 =0.24%0¢00 0 0 00 01670400 159.10 0. 2000+C) 1 CRACK
15
1 O, 373000 =0 39AD*0H0 <0 10uD*OY 0.0 CN09D40) =0 112040 WS 16 01910400 NO CRACK
2 0. 7070-01  0.2%00400 =0.6020400 0 0D 0. 7680400 ~0. 448D+ 130,77  0,196D+01 NO ChACK
3 C 2160200 =9.9270=01 =0, V3uD*01 0.0 0. 410401 =0, 128D+01 138,29 0, 1890+0) NO CRACK
b =0 1790400 <0, %970%00 =0 _3270+00 0.0 0.0 =0, 77606400 151,27 0. 194D+ 1 CPACK
16
1 0. 1730400 =0, 263D0%00 =0, V3000 0.0 Q1270400 =0.V360+0) 139,77  0.18%D+01 NO CRACK
2 0.5%070400 =0. 5150400 =0, 943000 0.0 0.1070401 ~0.108D+C1 149,23 0. 191D+01 NO CRACK
3 0.4520=01 =0. 3330400 =0 1290¢01 0.0 0. 116D4GY =0, 1h5D+01 139,17 0, 1880401 NO CRACK
L] 0.6120400 =0.182D+00 =0, 107040 0.0 0.1350401 =0,9220400 14%.22 0,1920+01 ¥0 CRACK
v
1 0. 1570000 =0.8330400 =0.1230%0) 0.9 0.988D+00 =0.1660+01 L5 .96 9, 1860+01 NO CRACK
& “0.765D-01 =0, 8910400 =0 154D+0 0.0 0. 1110401 =0, 208D+0) 142 41 0,1830+01 NO CRACK
3 0.2600400 =0.9620400 =0 8650400 0.0 0. 7090400 =0.1410%0) 152.6°  0.1880+01 NO CRACK
“ 0.7660D+00 =0.1550401 =0,600D+00 0.0 0.912D0+00 =0, 170D+0) 166,31 0.186D+0" NO CRACK
8
1 0.295D+00 <0 102D*0Y =0 . 446D*OO 0.0 O 43IIDAQ0 =0, 1160201 162.97 0. ,90D+01 NO CRACK
2 0.6270400 =0_16UD*OY =0 6250400 0.0 U 788D+00 =0, 180D*0Y 165,54 0. 1850+01 NO CRACK
3 0.1800+00 =0.9530400 -0.460D-01 0.0 0. 1820400 =0.9550+0C (77.68 0.192D0+01 NO CRACK
u «0,.2620400 0. 1080+0) 0 3090400 0.0 =0.1590+00 =0.119D+01 18. 4 0. 1890401 NU CRACK
1ISTRESS CALCULAT !'ONS fFOR ELEMEN GROUP 2 { TRUSSES )
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ELEMENT  LOCATION STATE FORCE STRESS
1 1 ELASTIC 0.u96176D+05 0.1653920+03 0
5 1 ELASTIC 0.5134870+03 0.171160D+0 0
1 1 ELASTIC 0.128503D403 0.1713370+00 0.
8 1 FLASTIC =0.319984D+02 =0, U426645D+00 =0.
9 1 FLASTIC =0.3626840+03 0. 4815790+ =0,
10 1 ELASTIC =0.6800750+01 =0.906766D-01 -0
PR AN ouT fFOR TINME sTEY 6
CONDITIONING OF THE COEFFICIENT MATRIX

0. 147260408
0.1 4B6D+OT
0.898210+07
0.65395D+05

UNSACTORED STIFINESS MATRIX
SMALLEST ELEMENT OF THE UNFACIORED STIFFNESS MATRIX
LARGEST DIAGONAL ELEMINT OF THE TACIORIZED MATRIX

SMALLEST DIAGONAL ELEMENT OF THE FACTORIZEN MATRIX

LARGEST ELEMENT OF THE

wnam

NO EQUILIBRIUM ITERATION IN THIS TIME STEP
STIFFNESS REFORMED FOR THIS TIME STEP

STRAIN

.1875810-03
.B150L90D: 0%

8158710 0%

2031640-0%
2302750-04

M3179LD-06

X(V1)=ROTATION

DISPLACEMNENTS
NODE X=DISPLACEMENT Y=DISPLACEMENT Z-DISPLACEMENT
ui 0.0 0.109727D+00 =0, 319u230+00 0.0
La 0.0 0.171563D+00 =0.320,93D+00 0.0
Ly 0.0 0.2320120400 =0.319663D+00 0.0
1ISTRESS CALCULAT IONS FOR ELEMENT GROVP 1
STRESSES ARE MEASURED IN GLOBAL COORDINATE SYSTEM
13
1 =0,1120400 =0, 178D+01 =0 . %730400 0.0 0.0
2 =0.8290400 =0 .216D+0) =0,136D+01 0.0 2.0
3 =0.463D400 =0.2180401 =0.115D+01 0,0 0.0
4 =0.123D%01 =0. 1570401 ~0. 197040V 0.0 0.0
W
1 =0.2570400 <0, 5780400 ~0.385%0400 0.0 0.0
2 =0.1%00D401 0.7%60D+00 -0.2120+01% 0.0 0.0
3 0.1670-01 0.117D0400 O0.443D-01 0.0 0.0
0 =0.6410+00 =~0.658D-01 -0.8520+00 0.0 0.0
15
1 0.7500°00 0.5%110-01 «0.295%D+00 0.0 0.858D+00
2 0.2%10-01 0.436D-01 0.3310-01 0.0 0.0
3 0.5990+00  0.1590+00 =0, 125%0+01 0.0 0.165D+01
“ ~0. 4370400 ~0.125D+00 -0.433D400 0.0 0.0
16
- 25 =
1 0 RIAD=NY <O UIKNDSON 0 Y23DeM non (" 9UInDsNN
2 =0 L2000 0. W97D*0C «0, 132D40Y 0.0 O 3o
k) =0.8920-01 =0.2270400 =0 1560401 0.0 0. 140D+
u =0 _ZR20400 =0, 1620400 =0, 4EUD+0D 0.0 0.0
1"
A\l 0.27120400 <0 _AL00400 =0, 1500401 0.0 0.132ne0
2 «0.2770400 =0, 631D*0Y <0, 1%90+0) 0.0 0.839D+00
3 0.3600400 «0. 113040 =0,998D+00 0.0 0.85%90+00
I 0.9330400 -0 1800401 -0, 6ARN+O0 0 0.110D+01
1
1 0.J63D400 =0 12900 <0, W66D+0D0 0. ) 0. 485000
2 0.660D400 =0, VRGN =0, T1BD*0O0O *.. 0 0.8500+n0
3 N, 2200400 <0 108D =, 30ID=N1Y 0.0 0,.2210400
u =0.3810400 =0 12uD+0!  0,3670400 0.0 ~0.2100400
ISTRF SS CALCULAT IONS For fFLEMENT CROUP
ELEMENT  LOCATION STATL FORCF STRESS STRAIN
1 1 rLesTiIc 0. 775628040% 0.258501040, 0.123116D-02
L] 1 FLASTIC 01797650404 0.5992180+01 0.28532D-0n0
7 b fLAGTIC N.1A2%34NeN] 0.2u3379D401 0.1150950-04
a 1 FTLASTIC =0.2u13%31D0002 =0, 321775000 =0.153227.0-0%
9 1 FLAST I C =0 3JIA2RIDSO2 =0.50u37%0D¢00 =0.2u01190-0%
0 1 FLASTIC 0. 211837/D404 0. 2820449002 0. 13u%00D-03
VPR ' NY ou FOR T1 Mg sr1rep 7
cee TIONING OF THE COFFFICIENT MATRIX

LARGEST CLFMENYT OF THE UNFACTOPSD ST FINESS MATRIX = 0. Vhurhnenn

SMALLEST FLEMINT OF THE UNFACTORED “1IFENISS MATRIX 0. 15u80he0 7
LARGEST DIAGONAL FLEMINT OF THL FAC OF'2ID MATRIX = 0.821910%07
SMAILEST DIAGONAL ELEMENT OF THE (ACTORIZED MATRIX = 0.4%6850D40%
NO FQUILIBRIUM ITFRATION IN THIS TiME STEP

STIFINLSS REFORMED FOR THIS TIME STEP

DI SPLACEMENTS

NODE X=D!SPLACFMENT Y=DISPIACEMINT 7-DISPLACIMENT
Wy 0.0 0. 17108760400 =0, U268%10400
us 0.0 0.2611720400 =0, u293530400
w9 0.0 0. 3050630400 =0 W2 71RS55D+00

ISTRFESS CALCULATIONS FoR ELEMNENDY

STRESSES ARE MEASURED IN u OBAL COORDINATE SYSTEM

- PAh -

X(V1)=ROTATION

0.0
0.0
0.n

GCROUP 1

334

PLASTIC STRAIN

0
0.
0
0

OODOD’O

( AT TIME  0.60000+01 )

Y(V2)~ROTATION Z(VN)=ROTATION

0.0 0.0
0.0 0.0
0.0 0.0
(2/0 CONTINULF
(PLANE STRLSS)
=0, 1890401 152,40 0,200D+01 1 CRACK
=0.2990+01 152.87 0.200D0+401 1 CRACK
=0.2640+401 164.9% 0.2000+01 1 CRACK
=0.2800+01 159.87 0.2000+01 1 CRACK
=0.3350400 146.33 0.1930+01 1 CRACK
=0, 7480400 161.49 0.2000+01 1 CRACK
0.134D+00 159.32 0.2000+01 1 CRACK
=0.7070400 159.10 0.200D+01 1 CRACK
=0.5680-01 159.90 0.2000+01 MO CRACK
0.u87D-01 142,84 0.200D+01 1 CRACK
=0.8920+00 139.98 0, 3D+0" NO CRACK
=0.5620+00 151.27 0.2000+01 1 CRACK
=N A4EAD4N . 138,85 L. (BBIO NG CRACK
=0, 1379401 125,19 0, 189D+01 NO CRACK
=0.1720401 136.26 0.1360+01 NO CRACK
=0 1040401 1uB. 66 0.1910+01 1 CRACK
=0, 1R9D40Y 145,22 0, TRUDSO)Y NO CPRACK
=0.25%5040" 1L, 96 0.1790+01 NO CRACK
=0.1610+01 153 40 0. 1860401 NO CRACK
=0.197040) 166.60 0.184D+01 NO CRACK
=0.141D40) 165.30 0. 188D+01 NO CRACK
=0.2050401 165,17 0.1830+01 NO CRACK
=0, 108D+01 178.67 0.1510+0) NO CRACK
=0.1370401 19.6% 0.187D+01 NO CRACK
2 ( TRUSSES )
PLASTIC STRAIN
0.0
0.0
0.0
0.0
0.0
0.0
( AT TIME  0.70000401 )

Y(V2)=ROTATION Z(VN)=ROTAT ION

0.0 0.0
0.0 0.0
o.rn 0.0

(270 CONT I NUUM)
(PLANE STRESS,
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13
1 =0.58/D+C0 ~0.2060+01 -0.110D+01 0.0 0.0 -0.2650401 152.49 0.2000+01 1 CRACK
2 =~0.918D-G1 =0.2060+01 =0.6170400 0.0 0.0 =0.2150401 152 .87 0.2000+01 1 CRACK
3 =0. 1410401 ~0.512D+00 =0.26ED+01 0.0 0.0 =0.1920401 164.91 0.2000+01 1 CRACK
I =0.355D400 =0.204D+01 =0,859D+400 0.0 0.0 =0.2400401 159.87 0.200D+01 1 CRACK
W
1 =0.2280+01 -0.1810401 -0.2310+01 0.0 0.0 =0, 4030401 W6, 33 0.200D+01 1 CRACK
2 =0. 1820401 =0,458D-01 =0.272D*01 0.0 0.0 =0.186040) 161,49  0.2000+01 1 CRACK
3 =0.62404+00 0.35%0-01 -0.8200400 0.0 0.0 =G, SRBD+00 159.32 0.200D+01 1 CRACK
L) =0 2U1D+01  0.976D+00 =0.2980+401 0,0 0.0 =0 9N+01 159 10 0.200D400 1 CRACK
1%
1 0.1590400 0, 384D400  0.2u4BD+00 0.0 0,0 0.544D+00 147,22 0,200D401 1 CRACK
2 =0.2380+01 =0, 8020400 =0, 1870401 0,0 0.0 =0.318D+01 142 .84 0.2000+01 1 CRACK
3 0.286D-01 0.460D-01 0.3630-01 0.0 0.0 0.746D=01 14, 74 0.2000401 1 CRACK
u =0, 8200400  0.396D+00 =0, 6400400 0.0 0.0 =0, 4240400 151,27  0,2000401 1 CRACK
16
1 0,%27D400 =0, 7080400 =0.6640+4G0 0.0 0.8170%00 =0.99/D0+00 156,45 0.192D+01 NO CRACK
2 =0, 4620400 -0.2800400 ~0.3600400 0.0 0.0 «0. 7420400 127.90 0.194D+01 1 CRACK
3 0.369D400 =0, 374D+00 =0, (4BD+0Y 0.0 0.1520401 =0, 1530401 142,06 0.1870+01 NO CHACK
4 =0.5010400 =0.447D400 =0, 548D+00 0.0 0.0 =0, JUBD+00 U8, 66  0.2000+01 1 CRACK
17
1 0.2150=01 <0, 1150401 =0, 144D*0Y 0.0 C.9900D+400 +0.211D401 146.04  0,1820+01 NO CRACK
F 4 =0. 1150401 -0.876D400 <0.221D+0) 0.0 0.120D+401 =0,3230401 133,20 0,1730+01 NO CRACK
3 0.2900+00 =0.126D+01 =0, 11504061 0.0 0.90%0400 -0,1880+01 151,94 0, 184D+01 NO CRACK
u =0. 420400 ~0.2290+01 =0.570D0400 0.0 0.0 =0.243D401 166,01 0.180D+01 1 CRACK
18
1 0.504D*00 ~0.139D401 =0.520D+00 0.0 0.675D0400 -0.1%20+01 165.88 0.187D+01 NO CRACK
2 0.586D+00 =0.257D+40) =0.534D+00 0.0 0.676D*00 =0.265D401 170.64 0.1780401 NO CRACK
3 0.311D400 =0.117D401  0,%544D-01 0.0 0.3120400 -0, 1180401 2.09 0.1900+01 HO CRACK
u =0. 26480400 <0, 104D+0Y 0. 4940+00 0.0 =0.110D0=01 ~0.1280+01 25.6% 0,1890+01 NO CRACK
1S . RES S CALCULATIONS FOR FELEMEN GROUP 2 ( TRUSSES )
ELEMENT  LOCATION STATT fORCE CIRESS STRAIN PLASTIC STRAIN
1 1 FLASTIC 0.9901470+05 0, 3300L50+03 0157166002 0.0
5 1 FLASTIC 0.193157D0+0% 0.642991D+07 0.306662D-03 0.0
7 ‘ cLASTIC 0.261049D+03 0. UBOE6D+0 0.1657u60-01 n.o
8 1 ELASTIC 0.199065D+03 0.265u20D+01 0.1263910-04 0.0
9 1 LLASTIC =0, 1581490+03 =0 210B65D+01 =0.1004120-04 0.0
10 1 ELASTIC 0,530 144D 04 0,.T12193D+02 0.3391390-03 0.0
1T PRI N our fFOR T I M STEP 8 ( AT TIME 0,8000D0+0) )
CONDITIONING OF TKE COFFFICIENT MATRIX
LARGEST FLEMENT OF THE UNFACTORED STIFFNESS MATRIX = 0.143300¢08
SMALLEST ELEMENT OF THE UNTACTORED STIFFNLSS MATRIX = 0.1%5350+07
LARGEST DIAGONAL ELEMENT OF THE FACTLRIZED MATRIX = 0.80914D+07
SMALLEST DIAGONAL ELCMENT OF THE FTACTORIZED MATRIX = 0.517720+05
. 27 -
NO EQUILIARIUM 1TiRATION IN THIS TIM[L ST(P
STIFENEDS RIFORMID FOR THIS TIM[ STEP
DI SPLACIEMFINTS
NODE X-DISPLACIMENT Y=DISPLACEMINT Z-DIST ACFMENT X(VV)=ROTATION Y(V?2)=ROTATION Z(VN)=ROTATION
ur 0.0 0.2512790400 =0.9%%50n1D¢00 0.0 0.0 0.0
un 0.0 0. 1666910400 <0.%5%15990+00 0.0 0.0 0.0
W9 0.0 0. 126620800 =0 H2196LD+0O0 0.0 0.0 0.0
ISTRESS CALECULATYTILONS fFOR ELEMENT GROUP 1 (2/0 CONTINUUM)
(PLANF STRESS)
STRESSES ARD MIASURED IN GLORAI COORDINATE SYSIfM
B
L] “0, 1090400 <0, 2270601 -0 V1QUDSOY 0.0 0.0 =0, 3150407 152 49 0.200D+01 1 CRACK
2 <0 8750400 =N 16000 <0 121040 0. 0 n =0.2h20401 152 .87 0,2000401 1 CRACK
] =0, TOADOG =0 2170600 =0 V1 JUDe0Y) 0 O 0.0 =0, 961040 Y6431 0, 200D*0Y 1 CRACK
b <0 HSIANAN0 <0 WAADIND <0 1964N400 0.0 0n.n =0.1010401 159.87 0O, 2700401 1 CRACK
"
1 “0.151D¢01 <0 1RID40Y =0, 17/D*0OY O .0 0.0 =0, 3600401 a6 33 0. 200040 ' CRACK
? “0. 1, 00400 <01 h9RDeN0 <0 VUDSOY 0.0 0.0 =0 174D40Y 161 42 0. 2000401 1 CRACK
3 =0 "15pe01 O.2300bs0Y =0 24PDe0 o.n 0.0 0.7 150400 1%9 .32 0.200D401 1 CRACK
] “O.1VIDA Y <0 Wh0D-01 <G TYPeNY 00 0.n =0 1170400 159,10 0. 200001 1 CRACK
%
1 «0, 350001 <. 9 00 <0, 030401 0.0 0.0 =0, WUBDOY T, 22 CL200D40Y 1 CRACK
? «O, 3OIDSOY (0 VL, 0000 =0 2510400 () a.n =0 GAKDEOY W2 AL 0 2000400 1 CRACK
3 “0.3670400 =0.8030400 =0, 5360400 0.0 0.0 =0, 1190400 WY T4 0, 2000400 1 CPACK
U] “(L 3B DAY 0 30500 <0 2RUD4NY 0 0 0.0 =0, TRODD0 15 27 0. 200D+0) 1 CRACK
16
1 =0.610D400 <0, IB7N4O0 =0 _WAIDSOD 0.0 0.0 =0.9920400 128 38 0.1920+01 1 CRACK
2 =0.183040) =0.226D0001 =0, 2V 70%01 0.0 0.0 =0.409D401 127,90 0, 2000401 1 CRACK
) =0.8316D400 -0.8610400 =0, AUANOO 0.0 0.0 =0 170040 135 .43 0, 1860401 1 CRACK
I SO U2D400 0 025000 <0 1150601 0. 0 n.o =0 1IADCOY TUB. A6 0. 200D 1 CRACK
"
1 N.156N400 =0 24NN =0 111De0Y OO N.H%A0D400 <0 3260401 161,117 0 1730400 NO CRACK
2 =0 1670401 <0 1V6D4GY =0 PRID*OY 11,0 N TL6D20Y) =0 LW29D40Y 132 WA 0, 16HD0Y NO CRACK
3 0.625D400 <0 189040 <0, JTBUD4ON O O.8U9D4ON =0 2120401 164,03 0 . 82D*0Y NO CRACK
u SO.1910400 «0, 30204001 <0, 2600400 0.0 0.0 0. 32104001 166,01 06200040 1 CRACK
AL}
1 0 SUUD*O0O <0, 1UONOY =0, 941D-0Y 0.0 0. 5UADSON =0, 1OD*OY 177.23 0. 188D+ NO CRACK
2 = LBI2D-01 =0, 30RDAOY «0. 5030400 0.0 =0.492D-02 =0, 3160401 170,71 0, 174D+ NO CRACK
3 0 3300400 =0 1280400 0. 3WID*0OO 0.0 0.5120400 <0, 3100400 28,.0%  0.137D+00 NO CRACK
I 0.1190*00 0.5W1D+00 0, 774D+00 0.0 0 113D <0, 4730400 52.62 0.1960+01 NO CRACK
ISTRFESS CALCULAT I ONS fFOR FLEME N GROUP ? (| TRUSSES )
ELEMENT  LOCATION STATE fORGCE STRESS STRAIN PLASTIC STRAIN
1 1 FLASTIC 0. 118097006 0.3936550403 0.187u45%5D-02 0.0
5 1 ELASTIC 0.502627040% O 67502040 0.71978210-03 n.n
-7 1 ELASTIC =0.27u566D+07 =0. 1660890400 =0.17u328D0-05 0.0

- 28 -




8 \ ELASTIC 0.36L4903D+03 0
9 1 FLASTIC 0.,5203290+0u 0
10 1 ELASTIC 0, 6UL269D+04 0
1 PRI NT our FOR T I ME STEP 9

CONDITIONING OF THE COFFFICIENT MATRIX

LARGEST ELEMENT OF THI UNFTACTORED STIFINLSS MATRIX
SMALLEST ELEMENT OF THE UNFACTORFD STIFENESS MATRIX
LARGE ST DIAGONA! ELEMENT OF THE FACTORIZED MATRIX

SHaLLEST DIAGONAL ELEMENT OF THE FACTORIZED MATRIX

MO EQUILIBRIUM ITERATION STEP

STIFFENESS REFORMED FOR THIS TIMi

IN THIS TIMt
STEv

DI'SPLACEMENTS
NODE X=DISPLACEMENT Y DISPLACIMENT
Wi 0.0 0.3330130+00
L8 0.0 O, WIARUS D00
49 0.0 0. 4822590400
1ISTRESS CALCULAT I ONS FOR £EL

UBRASHSD+0 0.2316K88D=-04 0.0
.693773D%02 0.3303680-03 0.0
.B5920250402 0.u4n20%90-01 0.0
( Al
- 0.150900+08
= N 59570407
0.8LBI4D*07
= 0. u457390+0%
Z=-DISPLACEMENT X(VI)=ROTATION
«0.6747931D+00 0.0 0.0
=0, 64 169UD+00 0.0 0.0
=0.6152470+00 0.0 0.0
FMENT GROUP 1 (2/0 CONTINUUM)

STRESSES ARE MEASURLD IN GLOBAL COORDINATE SYSTEM
13
‘ =0, 6830+00 =0, 192040) «0,. N6D40Y D0
] =0, 5150000 =0 1260401 <0 8140400 0.0
3 =0, 3780400 =0, «BAD*O0 0. 7660400 0.0
u =0, 2420400 +0.529D400 =0, 4ub0+00 0.0
AL
1 =0, 1050401 <0, 229D¢01 «0,155D401 0.0
4 =0, 1OLD+0Y =0, 1200401 =0, /SD+0t 0.0
] =0, 3130401  0,9920400 ~0.496D+0) 0.0
h =0.157D+0Y  0.1320+01 <0 1810+01 0. 0O
1%
1 =0, 341D40Y =0, 5900+00 =0, 284D¢0Y 0.0
2 «0.257D+01 0. 1320401 0, 220040 0.0
3 «0, 234D+01 =0 KOO0 «0, 164D+0Y 0.0
] =0, 30000y 0 1150400 <0, 254D¢0Y 0.0
6 .
1 ap) B VL 36/0+01 <0, 304D 0.0
. *OTDS0Y <0, 327040 0.0
1 . NN 0 1570 0.0
Y01 <0, 2460401 0.0
"
1 01 =0,1690+01 0.0
? WD =0, 2610600 0.0
3 ‘AN+01 «0.9320400 0.0
u Csw un+0Y -0,.29%0¢00 0.0
AL
1 0 1320400 <0, W7%0400 =0, 320000 0.0
2 =C U2ADSON =0, 2210000 <0 _WADDO D1
3 (L, 28%0400 0. HOT0400 0, 2030400 n 0
u «0O. 163D401 0 _S39De00 =0 156000 10
1ISTRESS CALCULAT I ONS ror ELEMT N1
FELEMENT | OCATION STATE LoRee CTRESS
1 1 PLASTIC 0. ' 260000606 0. 420000060
] 1 FLASTIC TR IRDANS 0, 2u54%30ne0 )
? 1 FLASYIC 0.2601950enY 0. 1%522%a0e011
A 1 TLASY I( N _S16045%ne04 € unneny
9 1 FLAST I C 0 931862 D0 0.12504R0N3
10 ' LLASTIC 0, 1386350004 N.980UALGDADY
1SO0LUT 1L ON LI LOGIINSIC)
FOR PRORY K.
REINTORCED CONCRETE SHIEAR ANALYS(S )
INPUT PHASE 1% 00
SUBSTRUCTURIS IRPUT PHASE 0.n
ASSEMRLAGE OF L INEAR STIFINESS EFFECTIV] STiff=
NI SS . MASS MATRICTES AND LOAD VICTORS 1.00
FRIQUINCY ANAI Y518 0f
INITI CALCULATIONS FOR MODE SUPTRPOSTTITON
ANALYS IS . X g 100
TRIANGULARIZAYION OF LINCAR (FIFFCTIVE)
STIFINESS MATHIX 0.0
STEP=RY=STEP SO 1ON ( 9 TIME STEPS)
CALCULATION OF FFFECTIVE LOAD VICTORS | (U]
UPDATING ETFECTIVE STIFINESS MATRICES
AND | OAD VICTORS | OF NONIINIA”I'IIQ . 132 0n
SOLUTION uv FQUATIONS . . . ., . 12,00
FQUILIRRIUY I TERATIONS s & 0 n.o
DIVIRGENCT PROCEDURE T n.o
CALCULATI ON AND PRINTING 0’ DISPLACE -
MENTS, VELOCITIES, AND ACCELFRATIONS 9.00
CALCULAL1ON AND PRINYING OF STRESSES 23.00

0.360D+00
0.0
0.%080-01
0.0

29 -

0.2690+00

=0. 1150400
0.%%90+00
0. 5960400
CR 0 ue

STRAIN

0.2113000- .2
0. 11692 1D-02
O V6T TuAD=NN
0. )9 uD=-n3
N_H9506RND-01

0. 468940 03

30 -

(PLANE STRESS)

=0.260D+01
~0, 1810401
=0,866D+00
=0,8700+00

152,49
152.817
164.9
159.87

146,33
161,49
159.32
159.10

W7r.22
142,84
Wi, 74
151,27

128,38
127.90
135.43
148,66

=0, 334D+01
=0,224D+0"
=0.2160+01
=0, 2540400

~0. 4000401
=0.389D401
=0, 27u4D+01
=0.1980+01

=0.5490+01
<0, 6400+01
=0.3150+01
=0.3060+01

=0.303p+01
0. 523D+01
=0.2%70+01
=0.2900+01

«0.612D400
=0,2320+01
0. |)M0‘nﬂ
=0. 690+
2 | VIU%S!S |

PLASTIC STRAIN

>

112906001

0.0

11 ME

Y{V2)-ROIATION

0.200D+01
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APPENDIX G

SAMPLE LINEAR FINITE ELEMENT ANALYSIS

A typical example of a linear finite element analysis of the re-
maining approximately triangular diagonally stressed portion of
a concrete structural element is given in this Appendix. The
finite element mesh representation for this plane stress analysis
is given in Figure Gl. As the displacements and stresses in this
residual portion of the reinforced concrete structural element
are all relatively small, the stresses being less “han the tensile
capacitv of the concrete in general, a linear finite element
analysis described the physical problem adequately. ADINA was
again used in these analyses, which were undertaken in order to
derive a hy,othetical equivalent prismatic beam for the struc-
tural element for the formulation of the simplistic model for

shear.
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ADINA input data for lincar analysis
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ADINA output for linear analysis
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