




































































































































































































































































































































































































































































































































































Appendix G 
Input Description for Wall 11 

Card Group 1 
Program Execution 

Card Group 2 
Problem Title 

Card Group 3 
NVFIX = 20 10 nodes have pinned boundary conditions and 10 nodes have 

prescribed displacements. 

NNODE = 4 The nonlinear element having only 4 nodes 

NMATS= 

Card Group 4 

1 - Concrete with horizontal and vertical reinforcement 
2 - Concrete with horizontal reinforcement 
3 - Grouted masonry with vertical reinforcement 
4 - Ungrouted masonry 
5 - Grouted masonry with horizontal and vertical reinforcement 
6 - Grouted masonry with horizontal reinforcement 

Elements 2, 8, 11, 17, 69, 75, 78 and 84 have material property 1. Elements 1, 3 
- 7 ,9, 10, 12 - 16, 18, 88, 70 - 74, 76, 77, 79 - 83 and 85 have material property 2. 
Elements 19, 25, 26, 32, 33, 39, 47, 53, 54, 60, 61 and 67, have material property 3. 
Elements 20 - 24, 27 - 31, 34 - 38, 48 - 52, 55 - 59, and 62 - 66have material property 4. 
Elements 40 and 46 have material property 5. Elements 41 - 45 have material property 6 

Specifying the element nodal connectivity numbers by starting at the same corner 
of each element (lower left hand corner in this case) guarantees that the Gauss points of all 
of the elements will be located in the same relative position. This is invaluable in the 
interpretation of the element stresses and strains. 

Card Group 6 
Nodal points 79 through 88 have prescribed displacement in the x direction and are 

free to translate in they-direction. Therefore, the constraint code IFPRE is 10. Although 
any value of the x-component of the prescribed displacement PRESC{l) has been 
arbitrarily set to 1. 0 so that the values given for F ACTD in Card Group 18 are the actual 
displacements to be attained in the given load step. A positive displacement indicates that 
the displacement acts to the right. 
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Card Group 7 
Material Properties 

Concrete with Concrete with Grouted Masonry with 
Horizontal and Horizontal Vertical Reinforcement 
Vertical Reinforcement Rein( orcement 
V 0.20 V 0.20 V 0.16 

fc 5 ksi fe 5 ksi fro 2.77 ksi 

Eo 0.003 to 0.003 to 0.0022 

A, 2 A1 2 A1 1.9 

A2 2 A2 2 A2 1.3 

A3 O. l A3 0.1 A3 0.14 

Ai 0.6 Ai 0.6 Ai 0.165 
MCD 1 MCD 1 MCD 1 

fer 0.504 ksi fer 0.504 ksi fer 0.05 ksi 
Et 3067 ksi Et 3067 ksi Et 1524 ksi 
MTS 3 MTS 3 MTS 2 

B1 0.5 B1 0.5 B1 0.5 

a. 0.25 a. 0.25 a. 0.25 

Es 29000 ksi Es 29000 ksi Es 29000 ksi 

~ 2% E, 2% C. 2% 

Ash 3.16 in2 
Ash 3 .16 . 2 

m Ash 0 
. 2 
m 

Asv 0.88 in2 Asv 0 in2 Asv 0.88 
. 2 
m 

• 0.00423 Pv • 0 Pv • 0.01443 Pv 
•• 0.00760 Ph •• 0 .00760 Ph 

•• 0 Ph 
fvv 60 ksi fvv 0 ksi fvv 60 ksi 
fvh 60 ksi fvh 60 ksi fvh 0 ksi 
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Ungrouted Masonry Grouted Masonry with Grouted Masonry with 

Unreinforced Horizontal and Vertical 
Reinforcement 

Horizontal 
Reinforcement 

V 0.16 V 0. 16 V 0.16 

fin 2.85 ksi fm 2.77 ksi fm 2.77 ksi 

Eo 0.0022 Eo 0.0022 Eu 0.0022 

A1 1.7 A1 1.9 A1 1.9 

A2 1.35 A2 1.3 A2 1.3 

A3 0.11 A3 0.14 A3 0.14 

Ai 1.4 Ai 0.165 Ai 0.165 

MCD 1 MCD 1 MCD 1 

fr 0.05 ksi fer 0.05 ksi fer 0.05 ksi 

Et 1568 ksi Et 1524 ksi Et 1524 ksi 

MTS 1 MTS 2 MTS 1 

B1 0.5 B1 0.5 B1 0.5 

a, 0.25 a, 0.25 a, 0.25 

Es 0 ksi Es 29000 ksi Es 29000 ksi 
C, 0% C, 2% t 2% 

Ash 0 in2 Ash 0.51 
. 2 m Ash 0.51 . 2 m 

Asv 0 
. 2 
m Asv 0.88 

. 2 m Asv 0 . 2 m 
• 
Pv 0 • 0.01443 Pv 

• 0 Pv 
•• 

Ph 0 •• 0.00361 Ph 
• • 0.00361 Ph 

fvv 0 ksi fw 60 ksi fw 0 ksi 

fvh 0 ksi fvh 60 ksi fvh 60 ksi 

• Vertical reinforcement ratios are calculated using the following equation: 

Area of vertical reinforcement 

( width of cell containing reinforcement)( thickness of masonry wall) 

•• Horizontal reinforcement ratios are calculated using the following equation: 

Area of horizontal reinforcement 

( width of cell containing reinforcement)( thickness of masonry wall} 

Card Group 8 
Not required - no initial stress 

Card Group 9 
NUMFDF = 13 To facilitate the interpretation off the output the sum of the 

reactions at 13 nodal points (NODE 1 = 132, NODE 2 = 133, NODE 3 = 134, .... NODE 
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13 = 144), i.e. the nodes with prescribed displacement will be directed to the Force­
Deflection file along with the prescribed displacements at l nodal point (NODEl = 132). 

KOMPNT = 1 The x-component of the 13 reaction and the 1 displacement are to 
be output to the Force-Deflection file. 

Card Group 10 
Element Output Data 

Card Group 11 
Node Output Data 

Card Group 12 
Load Title 

Card Group 13 
Load Control Data 

Card Group 14 
Not required - no nodal point loading 

Card Group 15 
Not required - no gravity loading 

Card Group 16 
NEDGE = l O Vertical axial pressure load applied to the top edge of elements 61 

through 67. 

Card Group 17 
NOPRS( 1) and NOPRS(2) - Specify the nodal points for each loaded element in a 

counterclockwise sequence. PRES(l, 1) and PRES(2, 1) - The normal load on an element 
is specified as a force per unit length (200 psi x 2.68 inch thickness= 0.536 kips per inch). 
A positive value indicates that the load acts downward (i.e. into the element). 

Card Group 18 
The load increment controls will generate 541 load/displacements increments. The 

convergence tolerance TOLER and maximum number of iterations MITER are set to 5% 
and 250, respectively, for all increments. 

The first card (FACTE = 1.0, FACTO = 0.0, and NDIV = 1) will generate 1 
increment where all of the vertical axial load is applied in the 1st increment (F ACTE = 
1.0) before any horizontal prescribed displacements are applied (FACTO = 0.0). In the 
remaining increments the vertical axial load is held constant (FACT = 1.0) and the 
horizontal prescribed displacements are applied in variable increments 
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The second card (FACTD = -0.017 and NDIV = 4) will generate 4 increments to 
~ove from the previous displacement of0.0 inches to -0.017 inches with dx = -0.017/4 = -

,00425 inches. 

The third card (FACTD = 0.017 and NDIV = 4) will generate 4 increments to 
~ove from the previous displacement of -0.017 to 0.017 inches with dx = [0.017 - (­

,QI 7)] /4 = 0.0085 inches. 

The remaining cards generate increments in a similar manner. The load increment 
~{;:introl data is terminated when NDIV = -I. 
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Input Data File for Wall 11 

START ----------------------------------------------Card 1 
"Wall #11 - WI I.lnp, Mesh 11, Nominal Properties, in-kips" ------------------Card 2 
108 85 20 1 4 6 0 0 0 -----------------Card 3 

1 2 1 2 12 11 ---------------------------------Card 4 
2 1 2 3 13 12 
3 2 3 4 14 13 

4 2 4 5 15 14 
5 2 5 6 16 15 
6 2 6 7 17 16 
7 2 7 8 18 17 
8 1 8 9 19 18 
9 2 9 IO 20 19 
10 2 11 12 22 21 
11 1 12 13 23 22 
12 2 13 14 24 23 
13 2 14 15 25 24 
14 2 15 16 26 25 

15 2 16 17 27 26 
16 2 17 18 28 27 
17 1 18 19 29 28 
18 2 19 20 30 29 
19 3 22 23 32 31 
20 4 23 24 33 32 
21 4 24 25 34 33 
22 4 25 26 35 34 

23 4 26 27 36 35 
24 4 27 28 37 36 
25 3 28 29 38 37 

26 3 31 32 40 39 

27 4 32 33 41 40 

28 4 33 34 42 41 

29 4 34 35 43 42 
30 4 35 36 44 43 

31 4 36 37 45 44 

32 3 37 38 46 45 

33 3 39 40 48 47 

34 4 40 41 49 48 

35 4 41 42 50 49 

36 4 42 43 51 50 

37 4 43 44 52 51 

38 4 44 45 53 52 

39 3 45 46 54 53 

40 5 47 48 56 55 
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41 6 48 49 57 56 
42 6 49 50 58 57 
43 6 50 51 59 58 
44 6 51 52 60 59 
45 6 52 53 61 60 
46 5 53 54 62 61 
47 3 55 56 64 63 
48 4 56 57 65 64 
49 4 57 58 66 65 
50 4 58 59 67 66 
51 4 59 60 68 67 
52 4 60 61 69 68 
53 3 61 62 70 69 
54 3 63 64 72 71 
55 4 64 65 73 72 
56 4 65 66 74 73 
57 4 66 67 75 74 
58 4 67 68 76 75 
59 4 68 69 77 76 
60 3 69 70 78 77 
61 3 71 72 81 80 
62 4 72 73 82 81 
63 4 73 74 83 82 
64 4 74 75 84 83 
65 4 75 76 85 84 
66 4 76 77 86 85 
67 3 77 78 87 86 
68 2 79 80 90 89 
69 1 80 81 91 90 
70 2 81 82 92 91 
71 2 82 83 93 92 
72 2 83 84 94 93 
73 2 84 85 95 94 
74 2 85 86 96 95 
75 1 86 87 97 96 
76 2 87 88 98 97 
77 2 89 90 100 99 
78 1 90 91 101 100 
79 2 91 92 102 101 
80 2 92 93 103 102 
81 2 93 94 104 103 
82 2 94 95 105 104 
83 2 95 96 106 105 
84 1 96 97 107 106 
85 2 97 98 108 107 
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1 O o ------------------------------------------------------------------Card 5 
2 5.375 0 
3 13.375 0 
4 21.375 0 
5 29.375 0 
6 37.375 0 
7 45.375 0 
8 53.375 0 
9 61.375 0 
10 66.75 0 
11 0 8 
12 5.375 8 
13 13.375 8 
14 21.375 8 
15 29.375 8 
16 37.375 8 
17 45.375 8 
18 53.375 8 
19 61.375 8 
20 66.75 8 
21 0 16 
22 5.375 16 
23 13.375 16 
24 21.375 16 
25 29.375 16 
26 37.375 16 
27 45.375 16 
28 53.375 16 
29 61.375 16 
30 66.75 16 
31 5.375 24 
32 13.375 24 
33 21.375 24 
34 29.375 24 
35 37.375 24 
36 45.375 24 
37 53.375 24 
38 61.375 24 
39 5.375 32 
40 13.375 32 
41 21.375 32 
42 29.375 32 
43 37.375 32 
44 45.375 32 
45 53.375 32 

270 



46 61.375 32 
47 5.375 40 
48 13.375 40 
49 21.375 40 
50 29.375 40 
51 37.375 40 
52 45.375 40 
53 53 .375 40 
54 61.375 40 
55 5.375 48 
56 13.375 48 
57 21.375 48 
58 29.375 48 
59 37.375 48 
60 45.375 48 
61 53.375 48 
62 61.375 48 
63 5.375 56 
64 13.375 56 
65 21.375 56 
66 29.375 56 
67 37.375 56 
68 45.375 56 
69 53.375 56 
70 61 .375 56 
71 5.375 64 
72 13.375 64 
73 21.375 64 
74 29.375 64 
75 37.375 64 
76 45.375 64 
77 53 .375 64 
78 61.375 64 
79 0 72 
80 5.375 72 
81 13.375 72 
82 21.375 72 
83 29.375 72 
84 37.375 72 
85 45.375 72 
86 53.375 72 
87 61 .375 72 
88 66.75 72 
89 0 80 
90 5.375 80 
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91 13 .375 80 
92 21.375 80 
93 29.375 80 
94 37.375 80 
95 45.375 80 
96 53 .375 80 
97 61.375 80 
98 66.75 80 
99 0 88 
100 5.375 88 
101 13.375 88 
102 21.375 88 
103 29.375 88 
104 37.375 88 
105 45.375 88 
106 53.375 88 
107 61.375 88 
108 66.75 88 
I 11 0 0 Card6 

2 11 0 0 
3 11 0 0 
4 11 0 0 
5 11 0 0 
6 11 0 0 
7 11 0 0 
8 11 0 0 
9 11 0 0 
IO 11 0 0 
99 IO 1 0 
100 10 1 0 
101 IO 1 0 
102 IO 1 0 
103 IO 1 0 
104 10 1 0 
105 lO 1 0 
106 10 1 0 
107 JO 1 0 
108 10 1 0 

1 'Concrete with Horizontal and Vertical Reinforcement' ------------------Card 7 

0,2 26 0 1 
5 0.003 2 2 0,1 0.6 1 

0.504 3067 3 0.5 0.25 
29000 0.02 0.00423 0.0076 60 60 
2 'Concrete with Horizontal Reinforcement' 
0.2 26 0 1 
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5 0.003 2 2 0. l 0.6 l 
0.504 3067 3 0.5 0.25 
29000 0.02 0 0.0076 0 60 
3 'Grouted Masonry with Vertical Reinforcement' 
0.16 7.625 0 l 
2.77 0.0022 l.9 l.3 0.14 0.165 
0.05 1524 2 0.5 0.25 
29000 0.02 0.01443 0 60 0 
4 'Ungrouted Masonry' 
0.16 2.68 0 l 
2.85 0.0022 l .7 l.35 0. l l l.4 l 
0.05 1568 l 0 0 
0 0 0 0 0 0 
5 'Grouted Masonry with Horizontal and Vertical Reinforcement' 
0.16 7.625 0 I 
2.77 0.0022 l.9 l.3 0.14 0.165 I 
0.05 1524 2 0.5 0.25 
29000 0.02 0.01443 0.00836 60 60 
6 'Grouted Masonry with Horizontal Reinforcement' 
0.16 7.625 0 I 
2.77 0.0022 1.9 l.3 0.14 0.165 l 
0.05 1524 2 0.5 0.25 
29000 0.02 0 0.00836 0 60 
108 10 lO -·------·-------------------1Card 9 
l 99 100 101 102 103 104 
105 106 107 108 
99 I 00 l 0 1 l 02 103 l 04 ----------------------.Card II 
105 106 107 108 
"Wall #1 I - Wl l.lnp, Mesh 11 Nominal Properties, in-kips" -------------------------Card 12 
0 0 1 -------------------------------------------------------Card l 3 
7 ------------------ -------- -------Card 16 
61 8 l 80 -----------------·-------------------------------Card 17 
O. 5 3 6 0 O. 5 3 6 o --------------------------------------------------------------Card l 8 
62 82 81 
0.536 0 0.536 0 
63 83 82 
0.536 0 0.536 0 
64 84 83 
0.536 0 0.536 0 
65 85 84 
0.536 0 0.536 0 
66 86 85 
0.536 0 0.536 0 
67 87 86 
0.536 0 0.536 0 
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1 0 0 1 0 

5 250 2 2 0 0 

4 0 0 1 -0.017 

5 250 2 2 0 0 

4 0 0 1 0.017 

5 250 2 2 0 0 

4 0 0 1 -0.017 

5 250 2 2 0 0 

4 0 0 1 0.017 

5 250 2 2 0 0 

4 0 0 1 -0.026 

5 250 2 2 0 0 

4 0 0 1 0.026 

5 250 2 2 0 0 

4 0 0 1 -0.026 

5 250 2 2 0 0 

4 0 0 1 0.026 
5 250 2 2 0 0 

4 0 0 1 -0.034 

5 250 2 2 0 0 

4 0 0 1 0.034 

5 250 2 2 0 0 

4 0 0 1 -0.034 

5 250 2 2 0 0 

4 0 0 1 0.034 

5 250 2 2 0 0 

4 0 0 1 -0.051 

5 250 2 2 0 0 

4 0 0 1 0.051 

5 250 2 2 0 0 

4 0 0 1 -0.051 

5 250 2 2 0 0 

4 0 0 1 0.051 

5 250 2 2 0 0 

4 0 0 1 -0.06 

5 250 2 2 0 0 

4 0 0 1 0.06 

5 250 2 2 0 0 

4 0 0 1 -0.045 

5 250 2 2 0 0 

4 0 0 1 0.01 

5 250 2 2 0 0 

4 0 0 1 -0.03 

5 250 2 2 0 0 

4 0 0 1 0.03 
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5 250 2 2 0 0 

4 0 0 1 -0.06 

5 250 2 2 0 0 

4 0 0 1 0.06 

5 250 2 2 0 0 

4 0 0 1 -0.06 

5 250 2 2 0 0 

4 0 0 1 0.06 

5 250 2 2 0 0 

4 0 0 1 -0.09 

5 250 2 2 0 0 

4 0 0 1 0.09 

5 250 2 2 0 0 

4 0 0 1 -0.075 

5 250 2 2 0 0 

4 0 0 1 0.075 

5 250 2 2 0 0 

4 0 0 1 -0.045 

5 250 2 2 0 0 

4 0 0 1 0.045 

5 250 2 2 0 0 

4 0 0 1 -0.09 

5 250 2 2 0 0 

4 0 0 1 0.09 

5 250 2 2 0 0 

4 0 0 1 -0.09 

5 250 2 2 0 0 

4 0 0 1 0.09 

5 250 2 2 0 0 

4 0 0 1 -0.12 

5 250 2 2 0 0 

4 0 0 1 0.12 

5 250 2 2 0 0 

4 0 0 1 -0.09 

5 250 2 2 0 0 

8 0 0 1 0.09 

5 250 2 2 0 0 

8 0 0 1 -0.06 

5 250 2 2 0 0 

8 0 0 1 0.06 

5 250 2 2 0 0 

8 0 0 1 -0.12 

5 250 2 2 0 0 

8 0 0 1 0.12 

5 250 2 2 0 0 
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8 0 0 1 -0.12 

5 250 2 2 0 0 

8 0 0 1 0.12 

5 250 2 2 0 0 

8 0 0 1 -0.18 

5 250 2 2 0 0 

8 0 0 1 0.18 

5 250 2 2 0 0 

8 0 0 1 -0. 135 

5 250 2 2 0 0 

8 0 0 1 0,135 

5 250 2 2 0 0 

8 0 0 1 -0.09 

5 250 2 2 0 0 

8 0 0 1 0,09 

5 250 2 2 0 0 

8 0 0 1 -0.18 

5 250 2 2 0 0 

8 0 0 1 0.18 

5 250 2 2 0 0 

8 0 0 1 -0.18 

5 250 2 2 0 0 

8 0 0 1 0.18 

5 250 2 2 0 0 

8 0 0 1 -0.24 

5 250 2 2 0 0 

8 0 0 1 0.24 

5 250 2 2 0 0 

8 0 0 1 -0.18 

5 250 2 2 0 0 

8 0 0 1 0.18 

5 250 2 2 0 0 

8 0 0 1 -0.12 

5 250 2 2 0 0 

8 0 0 1 0.12 

5 250 2 2 0 0 

8 0 0 1 -0.24 

5 250 2 2 0 0 

8 0 0 1 0.24 

5 250 2 2 0 0 

8 0 0 1 -0.24 

5 250 2 2 0 0 

8 0 0 1 0.24 

5 250 2 2 0 0 

8 0 0 1 -0.3 
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5 250 2 2 0 0 

8 0 0 1 0.3 

5 250 2 2 0 0 

8 0 0 1 -0.225 

5 250 2 2 0 0 

8 0 0 1 0.225 

5 250 2 2 0 0 

8 0 0 1 -0.15 

5 250 2 2 0 0 

8 0 0 1 0.15 

5 250 2 2 0 0 

8 0 0 1 -0.3 
5 250 2 2 0 0 

8 0 0 1 0.3 
5 250 2 2 0 0 

8 0 0 1 -0.3 

5 250 2 2 0 0 

8 0 0 1 0.3 
5 250 2 2 0 0 

8 0 0 1 -0.36 
5 250 2 2 0 0 

8 0 0 1 0.36 
5 250 2 2 0 0 

8 0 0 1 -0.27 
5 250 2 2 0 0 

8 0 0 1 0.27 
5 250 2 2 0 0 

8 0 0 1 -0.18 
5 250 2 2 0 0 

8 0 0 1 0.18 
5 250 2 2 0 0 

8 0 0 1 -0.36 
5 250 2 2 0 0 

8 0 0 1 0.36 
5 250 2 2 0 0 

8 0 0 1 -0.36 
5 250 2 2 0 0 

8 0 0 1 0.36 
5 250 2 2 0 0 
8 0 0 1 0 
5 250 2 2 0 0 
-1 0 0 0 0 
0 0 0 0 0 0 
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Glossary 

~ = Bilinear factor 

y = Exponential parameter 

E = Principal compressive strain in the masonry 

A = Strength modification factor 

Ea- = Tensile cracking strain of the masonry 

Ee = Point of tangency between Equations 2.2 and 2.3 

Eo = Strain at uniaxial compressive strength, fm 

Ep = Strain at peak uniaxial compressive strength, fp 

Et = Tensile strain in the masonry 

A' 3 = Shape factor for the exponential railing branch 

A1 = Shape factor for the rising branch 

A2 = Shape factor for the initial falling branch 

AJ = Shape factor for the exponential falling branch 

~ = Shape factor for the attachment point of the exponential tail 

E, = Modulus of elasticity of the reinforcement 

Eap = Plastic modulus of the reinforcement 

Et = Modules of elasticity of the masonry in tension 

ft E) = Principal compressive stress in the masonry 

ftE) = Stress in the masonry due to tension stiffening 

£: = Compressive stress at point of tangency, Ee 

fm = Uniaxial compressive strength of the masonry 
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fp = Peak uniaxial compressive strength 

f P = Peak uniaxial compressive strength of the masonry 

H' == Strain-hardening parameter 

r = aspect ratio of wall 

Ph = horizontal reinforcement ratio 

Pv == vertical reinforcement ratio 

v = Poisson's ratio of masonry 

MCD = Compression Damage Parameter Model Number 

fer = Tensile cracking strength of masonry 

MTS = Tension Stiffening Model Number 

B1 = Lower limit of the exponential branch for Tension Stiffening Model Number 2 

a = Exponential parameter for Tension Stiffening Model Number 2 

Ash = Area of horizontal reinforcement steel 

Asv = Area of vertical reinforcement steel 

Pv = Vertical reinforcement ratio 

Ph = Horizontal reinforcement ratio 

fyv = Yield stress of the vertical reinforcement 

fyh = Yield stress of the horizontal reinforcement 

H = Height of masonry specimen 

L = Length of masonry specimen 
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For clarity, the terms designating the type of masonry construction are defined as follows: 

Plain: masonry which contains no grout or reinforcing bars 

Partially-grouted: masonry in which all the hollow cores are grouted 

Fully-grouted: masonry in which all the hollow cores are solidly grouted 

Reinforcement: masonry in which reinforcing bars are used 

Unreinforced: masonry which contains no reinforcement 

Additional terms: 

Area, gross cross-sectional: The area delineated by the out-to-out dimensions of masonry 

in the plane under consideration. 

Area, net cross-sectional: The area of masonry units, grout and mortar crossed by the 

plane under consideration based on out-to-out dimensions. 

Running bond: The placement of masonry units such that head joints in successive 

courses are horizontally offset at least one-quarter the unit length. 
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