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1.0 BRICKS

Four tests:

(a) dimensional tolerance
(b) compressive strength

(c) water absorption
(d) initial suction rate

1:1 DIMENSIONAL TOLERANCE, CLAUSE 27, B§3921

Limits of size based on a random sample of 24 bricks.

215

l Nominal Size ~ Mean Max Min
- © {mm) {mm) (mm) (mm)
Length 215.0 5160 5235 5085
Width 102.5 2460 2505 2415
Height 65.0 1560 1605 1515
1:1:1 Results
Brick Type Length Width Helght
(mm) {mm) (mm})
OK
1 5141 2464 1592 within
2 5168 2415 1568 limits
3 5119 2436 1655

———

44

:1:2 Mean

Brick Type




1:2 COMPRESSIVE STRENGTH

1:2:1 Brick Type 1

No | On bed On face On end :I
(N/mm?) (N/mm?) (N/mm?
1 39.1 17.7
2 42.2 215 12.9
3 44.6 20.0 134
4 30.6 19.0 12.2
N 5 374 224 14.1
( ad 6 42.7 18.7 11.9
7 40.2 154 76
8 29.2 17.6 10.0
9 29.5 20.8 14.2
10 46.3 14.7 10.6
Orlentation Mean Standard Coefficient
compressive deviation of
strength variation
(N/mm?) (N/mm?) ]
bed 38.2 6.35 16.62%
(> face 189 261 13.28%
end . 11.5 231 '20.09% J

Hatlo of orientation to bedface
face/bed 0.5
end/bed 0.3




1:2:2 Brick Type 2
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r No On bed On face On end
(N/mm?) (N/mm®) (N/mm?) I
1 27.9 11.6 4.7
2 28.3 13.9 6.7
3 47.8 13.0 7.7
4 32.0 13.3 7.7
5 37.6 13.7 7.2
6 31.6 11.8 8.3
7 26.1 13.3 8.0
8 29,5 i1 10.3
9 271 13.3 4.1
10 32.0 13.9 8.8
Orientation " Mean Standard Coefficlent
compressive deviation of
strength varation
L (N/mm?) (N/mm?)
bed 32.0 6.46 20.19%
face 12.9 1.01 7.83%
end 7.3 1.84 25.20%

Ratlo of orientation to bedface
face/bed 0.4
‘end/bed 0.23




-

1:2:3. Brick Type 3

218

Ratio of orientation to bedface
tace/bed 0.17

fend/bed 0.09

No " On bed - On face On end ‘“
(N/mm?) (N/mm?) (N/mm?)
1 99.5 24.1 11.3
2 113.7 10.6 13.0
3 117.4 18.6 10.2
4 106.8 12.3 6.4
5 112.9 20.7 7.7
6 104.8 22.7 6.8
7 111.3 12.9 10.6
8 94.5 201 94
9 103.4 22.7 9.1
10 | 114.3 17.0 11.7
Orientation “ Mean Standard Coefficlent
compressive deviation of
strength variation
(N/mm?) (N/mm?)
bed 107.9 7.32 6.79%
face 18.2 4.80 26.37%
end L_ 9.6 2.16 22.50%
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1:3 WATER ABSORPTION TEST (BY 5§ HOUR BOILING)

1:3:1 Brick Type 1

[ =
No Dry Welght Wat Waight Water
(g) (9) Absorption (%)
1 2312 2577 11.46
2 2272 2489 9,556
3 2265 2513 10.95
4 2295 2552 11.20
5 2274 2506 10.20
6 2347 2603 10.91
7. . 2282 2522 10.52
8 2251 2480 1017
9 2302 2534 9.90
10 2298 2561 11.44

Mean water absorption = 10.63%
Standard deviation = 0.66%
Coefficient of variation = 6.21%

Water absorption

100 (wet mass - dry mass)
dry mass

. -
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1:3:2 Brick Type 2

Ir No If Dry Welght Wet Walght Water —l
- {a) (9 Absorption (%)
1 'I 2091 2440 16.67
2 2117 2476 16.90
3 2015 2221 10.22
4 2045 2366 15.70
5 2047 2333 13.97
6 2060 2366 14.85
7 2085 2448 17.41
8 2070 2427 17.25
9 2043 2399 17.42
10 2089 2428 16.23
Mean water absorption = 16.66%
Standard deviation = 2.23%
Coefficient of variation = 14.24%
Water absorption = 100 (wet mass - dry mass)




221
1:3:3 Brick Type 3

L No || Dry Welght Wet Walght Water I
(g) {s)) ) Absorption (%)
1 2467 2594 5.15
2 2470 2504 . 502
3 2473 2603 5.26 "
4 2476 2603 513
5 2482 2604 4.91
6 2476 2605 5.21
7 2485 2615 5.23
8 2475 2609 5.41
9 2483 2616 5.36
10 2477 : 2604 513
Mean water absorption = 5.18%
Standard deviation = 0.15%
Coefficient of variation = 2.90%
Water absorption = 100 (wet mass - dry mass)

dry mass
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1:4 INITIAL SUCTION RATE

1:4:1 Brick Type 1

|l7 No Dry Welght Wet Weight Suction Rate ]

(a) () (%)
1 2437 2458 1114
2 2422 2433 0.582
3 2448 . 24713 1.323
4 2392 2411 1,058
5 2405 2425 1111
6 2438 2461 1,270
7 © 2483 2504 1,164
8 2485 2500 0.847
9 2481 2497 0.900
10 2455 2472 0.953

Mean initial suction rate 1.032 kg/m?/min

i

Standard deviation = 0.219 kg/m?/min
Coefficient of variation = 21.220%
Initial Suction Rate =__ 1000 (mass of wet - mass of dry)

gross area of immersed surface in mm?

Mt




1:4:2 Brick Type 2
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ﬂ No Dry Welght Wet Welght Suction Rate

- (@) (9 (%)
1 2426 2444 0.904
2 2310 2327 0.853
3 2342 2356 0.703
4 i 2385 2398 0.653
5 2363 2377 0.703
6 2402 2414 0.602
7 2396 2411 0.753
8 2296 2317 1.054
9 2369 2385 0.803

L 10 “ 2431 2442 0.552

Mean initial suction rate = 0.758 kg/m?/min

Standard deviation = 0.150 kg/m?2/min

Coefficient of variation = 19.791%

Initial Suction Rate =___1 mass of wet - mass of d

i

gross area of Inmersed surface in mm?
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1:4:3 Brick Type 3

No h Dry Welght Wet Welght Suction Rate

J (@) ) (%)

lr 1 2495 2500 0.260
2 2485 2490 0.260
3 2567 2571 0.208
4 2484 2489 0.260
5 2597 2603 0.312
6 2485 2490 0.260
7 2672 2576 0.208
8 2481 2486 0.260
0 2563 2567 0.208
10 2606 2611 0.260

Mean initial suction rate = 0.250 kg/m?/min

Standard deviation = 0.033 kg/m?/min

Coefficient of variation = 13.200%

Initial Suction Rate = -
gross area of immersed surface in mm?



2:0  SIEVE ANALYSIS OF SAND AND FINE AGGREGATE

225

Sleve Sizes Sieve Sizes Sleve Sizes Sleve Sizes
{mm) (mm) (mm) (mm)
10 0 100 100 —I
5 31 a8 100
2.36 273 80 90-100
1.18 453 51 70-100
0.60 363 27 40-80
0.30 206 14 540
0.15 122 6 0-10
RESIDUE 94 0
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3:0 MORTAR TEST RESULTS

3:1 COMPRESSION CUBES

Beam Density Area Load Stress Mean
Number (kN/m°) x10*(mm?) (kN) (N/mm?) (N/mm?)

1/220 22.36 1.00 268 26.8
22.55 1.00 292 29.2
22.87 1.01 312 309

22.56 1.00 332 33.2 30.02
1/221 ( 23.00 1.00 349 349
22.91 1.00 270 27.0

22.70 1.00 318 31.8 31.23
1/230 2260 1.00 316 31.6
22.52 1.00 264 26.4
2288 ~1.00 317 31.7

2282 1.00 357 35.7 31.35
1231 || 2276 1.00 327 32.7
' 2238 1.00 312 31.2
2263 0.99 250 25.2
22.95 1.00 407 40.7

2227 1.01 400 39.6 33.88
1/240 22.89 1.00 270 27.0
22.72 0.98 217 28.3
2275 1.00 210 21.0

22.62 1.00 203 20.3 24.15
1/241 2286 1.00 390 39.0
22.74 1.00 376 376
22.80 1.00 376 376

22.75 1.00 386 38.6 38.20
1/120 22.59 1.00 243 243

J 22.39 0.99 269 27.0 25.65

F 1/121 22.31 0.99 238 240 24.00
1/130 2284 1.00 360 36.0
22.78 1.00 357 35.7
22.58 1.00 344 344

T 22,60 0.89 353 355 35.40

— ]




3:1 COMPRESSION CUBE CONTD
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Mean density

Beam Density Area Load Stress Mean
Number (kN/m’) x10%(mm?) (kN) (N/mm?) (N/mm?)
1/131 22.42 1.00 321 32.1 |
23.01 1.00 347 34.7
22.01 1.00 arz 37.7 34.33
1/140 22.43 1.00 231 23.1
22,31 1.00 316 31.6
22,63 1.01 208 295
22.39 1.00 259 25.9 27.52
1/141 22.75 1.00 258 25.8
22.73 0.99 248 25.0
22,70 0.99 246 24.8
2264 0.99 267 26.9 25.62
1/320 2252 1.00 352 35.2
2268 1.00 340 34.0 34.60
1/321 22.28 1.00 350 35.0
2260 1.00 325 325
k 22.72 1.00 338 33.8 33.77
1/330 m 22.83 1.00 329 32,9
22.34 1.00 338 33.8
22.48 1.01 319 31.6
2257 1.01 305 39.1 34.35
1/331 22.48 1.01 317 31.4
2252 1.01 287 28.4
2237 1.01 370 36.6
2243 1.00 362 36.2 33.15
1/340 23.15 1.01 389 385
22,89 1.00 368 36.8 37.65
1/341 22.86 0.99 265 26.8
21.98 1.00 205 20.3 23.55
Overall mean cube stress = 31.44 N/mm?
Standard deviation = 5.28 N/mm?
{Coefficient of variation = 16,79%

22.64 kN/m?®




3:1 COMPRESSION CUBE CONTD
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Beam Density Area Load Stress Mean
Number (kN/m°) x10*(mm?) (kN) (N/mm?) (N/mm?)
2/140 22.86 0.99 336 33.9 36.40
23.02 1.00 414 41.4
22.48 1.02 323 31.7
22.60 1.01 390 38.6
2/141 22.82 1.01 434 43.0 .77
2287 0.99 418 422
22 81 1.02 406 39.8
22.90 1.01 425 42.1
2/240 22.70 1.02 368 36.1 35.27
C 22.81 1.01 353 34.9
e 22.71 1.00 362 35.2 |
22,63 1.00 349 34.9
2/241 22.36 1.03 408 39.6 35.80
2257 1.02 351 34.4
22,63 1.01 348 34.4
22.51 1.02 355 34.8
2/340 22.75 1.02 342 335 34.95
22.61 1.02 350 343
22.79 1.02 366 5.9
22.44 1.03 372 36.1
2/341 22.84 1.01 343 34.0 38.40
22.48 1.01 391 38.7
22.34 1.02 421 41.3
2251 1.01 400 39.6
Overall mean cube stress = 37.10 N/mm?
G Standard deviation = 3.32 N/mm?
' Coefficient of variation = 8.95%
Mean density = 22.67 kN/m®
"Mean stress for all mortar cubes = 33.08 N/mm?
Standard deviation = 5.43 N/mm?
Coefficient of variation = 16.41%




3:2 TENSION CYLINDER
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Speclmen Helght Density P Tensile
Number (mm) (kN/m’) (kN) Stress
111 | 297 22.15 186 2.65
1/2 298 21.98 160 2.20
1/3 208 22,07 174 2.48
1/4 296 21.94 154 2.21
1/6 207 21.87 200 2.86
G 1/6 296 22,04 202 2.89
# 1/7 295 22.11 202 2.91
2/1 300 22.20 220 3.11
2/2 300 20.20 204 2.89
2/3 300 22.20 214 3.03
2/4 303 21.76 180 2.52
Seriest, Mean tensile stress = 2,61 N/mm?
Standard deviation = 0.29 N/mm?
Coefficient of variation = 11.19%
Mean density = 22,02 kN/m®
C Series 2,  Mean tensile stress = 2,89 N/mm?
Standard deviation = 0.26 N/mm?
Coefficient of variation = 9.03%
) Mean density = 22,09 kN/m?
Mean tensile stress for all specimens = 2.71 N/mm?
Standard deviation = 0.30 N/mm?
Coefficient of variation = 11.07%
Mean density = 22.05‘kN/m3
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4.0 INFILL CONCRETE TEST RESULTS

41 COMPRESSION CUBES

I Beam Density Area Load Stress Mean
Number (kN/m®) x10*(mm?) (kN) (N/mm?) (N/mm?)

1/120 22.95 0.99 113 11.5
1/121 2298 1.00 120 12.0 11.75%

1/130 23.58 1.00 265 265
23.88 1.00 231 23.1 24.80

" 1/131 23.99 1.00 308 30.8
23.16 1.00 266 26.6 2817

1/140 2255 0.99 a4 31.7
23.37 0.98 318 324 32.05

(\; 1/141 22.69 1.00 338 33.8
= 2226 1.00 206 20.6 27.20
1/220 23.98 1.00 349 34.9 34.90
1/221 23.42 1.00 294 204 29.40

1/230 23.83 1.01 210 208
23.79 1.00 259 259 23.35

1/231 23.20 1.00 295 29.5
23.19 0.97 163 16.8 23.15

1/240 21.95 1.00 317 31.7
22.63 1.01 340 33.6 32.65

1/241 23.21 0.99 282 28.5

23.22 1.00 326 32.6

23.18 1.02 268 28.2

23713 1.00 292 29.2

23.25 1.00 281 28.1
23.15 0.99 270 273 29.15
1/320 23.82 1.01 268 265 26.50
1/321 22.16 0.97 167 17.2 17.20

O *denotes specimens did not have plasticiser added

———
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4:1 COMPRESSION CUBES CONTD

Beam Density Area Load Stress Mean
Number (kN/m?) x10%(mm?) (kN) (N/mm?) (N/mm?)
. |
1/330 23.16 1.00 353 35.3
22.30 0.97 253 26.1 30.70
1/331 22.70 0.99 302 305 30.50
1/340 23.78 0.98 202 20.8
23.26 1.00 328 32.8 26.80
1/341 23.26 1.00 362 36.2
23.10 1.00 300 30.0 33.10
2/140 23.67 1.01 156 15.4
23.23 1.01 157 15.5
( N 23.51 1.00 167 16.7
= 24,00 1.01 167 16.5 16.02
2/241 23.27 1.02 233 228
23.20 1.02 192 . 188
23.48 1.01 188 18.6 20.07
2/240 23.25 1.00 131 131
23.20 1.00 143 14.3
23.04 0.98 137 14.0
23.49 1.00 137 13.7 13.77
2/241 22.45 1.01 162 16.0
22,80 1.00 158 15.8
22.89 0.99 168 17.0
22 86 0.99 179 18.1 16.72
2/340 23.05 1.01 144 14.3
22,91 1.00 139 13.9
22,75 1.01 144 143
23.04 0.99 142 143
22.95 1.01 143 14.2 14.20
2/341 23.05 1.00 115 115
O 22,89 1.00 137 13.7
2272 1.00 126 12.6
23.20 1.00 133 13.3 12.62
Series1, Mean compressive stress = 28.33 N/mm?®
: Standard deviation = 5.13 N/mm?
b Coefficient of variation = 18.06%
Mean density = 23.20 kN/m’
Series 2, Mean compressive siress = 15.35 N/mm"’
Standard deviation . - = 2.46 N/mm?
Coefficient of variation = 16.00%
Mean density = 23.12 kN/m®
Mean stress for all specimens with
plasticiser = 22,67 N/mm?
Standard deviation = 7.70 N/mm®
Coefficlent of variation - = 33.99%

Mean density = 23.16 kN/m®
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4:2 TENSION CYLINDER

232

Mean density -

£,

I Speclmen Helght Density P Tenslle
Number - (mm} (kN/m°) (kN) Stress
11 205 22.58 108 1.55
1/2 294 22.56 144 2.08
1/3 297 22.80 107 1.53
1/4 263 22.90 107 1.73
1/5 300 22.94 163 2.31
1/6 209 22.74 185 2.34
1/7 206 22,69 167 2.39
1/8 H 300 23.13 170 240
2/1 298 22,58 81 1.15
2/2 300 22.76 109 1,54
2/3 300 2217 186 2.63
2/4 300 22.37 190 2.69
2/5 300 22.70 95 1.34
2/6 297 22.68 08 1.40
2/7 298 22.43 123 1.75
2/8 209 22.74 131 1.86
2/9 f 300 24.08 141 1.99
Series 1,  Mean tensile stress = 2,04 N/mm?
Standard deviation = 0.38 N/mm?
Coefficlent of variation = 18.63%
Mean density = 22,79 kN/m®
Series 2,  Mean tensile stress = 1.82 N/mm?
Standard deviation = 0.55 N/mm?
Coefficient of variation = 30.22%
Mean density = 22.72 kN/m®
Mean tensile stress for all specimens = 1.92 N/mm?
Standard deviation = 0.47 N/mm?
Coefficient of variation = 24.48%

= 22.75 kN/m®




5:0 STEEL CHARACTERISTICS
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Diameter Conditlon Yield Ultimate Modulus of
(mm) Stress Stress Elasticity
(N/mm?) (N/mmd) (kN/mm?)
26 1 unslot 468.4 606.9 1956.7
25 2 unslot 458.3 604.9 198.9
mean 463.4 605.9 197.3
' 25 1 slot 4770 621.0 196.8
25 2 slot 473.0 618.0 1094
mean 475.0 619.5 198.1
16 1 unslot 487.3 556.6 196.7
I 16 2 unslot 4724 5545 199.3
mean 479.9 555.5 197.8
16 1 unslot 475.0 "612.0 195.9
J 2 unslot 478.0 617.0 197.1
3 unslot 475.0 612.0 195.9
mean 476.0 614.0 196.3
16 1 slot 471.5 586.0 195.5
2 slot 473.5 580.4 190.5
3 slot 477.0 579.9 1921
mean 474.0 582.0 192.7
Dlameter Mean Yleld Ultimate
{(mm) (N/mm?) (N/mm?)

25 469.2 612.7

20 465.4 584.7

16 476.2 587.3

8 290.5 405.8

6 385.5 509.3




6:0

COMPRESSION ZONE PRISM TESTS

6:1:1 Westbrick Prism Test 1

234

_’.--
-

Load Stress Strain (us) "
N (Nfmm) 8, 8, % ©4 ey —I
0.0 0.00 0.0 0.0 0.0 0.0 0.0
48.6 1.06 483 64.4 96.6 96.6 76.5
97.2 2.12 -16.1 129.0 161.0 120.0 100.7
145.8 a.18 113.0 209.0 258.0 193.2 193.3
194.4 4.24 257.6 273.7 305.9 200.3 261.6
243.0 5.30 273.7 338.1 386.4 257.6 314.0
291.6 6.36 305.9 418.6 450.8 289.8 366.30
340.2 7.42 4186 489.1 5474 338.1 450.8
388.8 8.48 483.0 585.7 627.9 370.3 519.2 |
437.4 9.54 5474 676.7 724.5 418.6 501.8
485.6 1059 - 6440 788.9 821.1 483.0 684.3
534.2 11.65 740.6 885.5 933.8 516.2 768.8
582.8 12.71 788.9 1014.3 1062.6 579.6 861.4
631.4 13.77 869.4 11109 1175.0 611.8 941.8
680.0 14.83 901.6 1191.4 1304.1 676.2 1018.3
728.6 15.89 998.2 1304.0 1417.0 708.4 1106.9
777.2 16.95 1143.0 1385.0 1562.0 788.9 1219.7
825.8 18.01 11760 1497.0 1739.0 885.5 13240.1
874.4 19.07 1239.7 1578.0 1867.0 949.9 1408.7
923.0 20.13 1400.7 1658.0 2045.0 1095.0 1549.7
971.6 21.19 1497.0 1706.6 2286.0 1224.0 1678.3
Specimen Falled J
*6,y =6, + 8, + 65 + 6,




6:1:2 Waestbrick Prism Test 2
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e

- — —
Load Stress . ‘Strain  (ps)
(kR | (/o) 8, 8, 8, o, 8,+0, | ©,+6,
0.00 0.00 0.0 0.0 00 0.0 0.0 0.0
48.6 1.06 80.5 48.3 80.5 112.7 96.6 64.4
97.2 212 1449 96.6 128.8 193.2 161.0 120.8
145.8 3.18 209.3 144.9 2254 2254 2254 177.1
194.4 4.24 273.7 193.2 305.9 338.1 3220 2335
243.0 5.30 338.1 2415 402.5 418.6 410.6 289.8
291.6 6.36 418.6 257.6 531.3 531.3 531.3 338.1
340.2 7.42 466.9 289.8 611.8 611.8 6118 378.4
333.8 8.48 547.4 322.0 708.4 692.3 700.4 434.7
437.4 9.54 595.7 338.1 805.0 821.1 813.1 466.9
485.6 10.59 676.2 402.5 885.5 966.0 925.8 539.4
534.2 11.65 756.7 418.6 998.2 1095.0 1046.6 587.7
F 562.8 12.M 821.1 450.8 1095:0 1256.0 1176.5 636.0
631.4 13.77- 901.6 516.2 1191.0 1385.0 1288.0 708.4
J 680.0 14.83 1030.4 563.5 1352.0 1594.0 1473.0 797.0
F 728.6 15.89 917.7 450.8 1240.0 1401.0 1320.5 684.3
777.2 "16.95 853.3 370.3 1240.0 1369.0 1304.5 6118
8258 18.01 821.0 354.2 1095.0 1401.0 1248.0 587.6
874.4 19.07 821.0 338.1 1352.0 1481.0 1416.5 570.6
923.0 20.13 805.0 322.0 1626.0 1562.0 1594.0 563.5
9716 21.19 837.2 330.0 1882.0 1674.4 1778.2 583.6

Specimen falled
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6:1:3 Westbrick Prism Test 3
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Load - Stress © 7 Straln (ps) -

(kN) (N/mm?) N 6 o, o +a,
0.0 0.00 0.0 0.0 0.0 0.0
486 1.06 80.5 64.4 48.3 -56.4
97.2 212 0.0 161.0 128.8 1449
145.8 3.18 -193.2 209.3 2415 225.4
194.4 4,24 -289.8 289.8 3220 305.9
243.0 5.30 -273.7 370.3 402.5 386.4
291.6 6.36 -255.4 466.9 499.1 483.0
340.2 7.42 17714 531.3 £895.7 563.5
388.8 8.48 -144.9 627.9 708.4 668.2
4374 9.54 -96.6 740.0 740.6 740.3
485.6 10.59 64.4 B837.2 869.4 853.3
534.2 11.65 ~32.2 901.6 949.9 925.8
582.8 12.71 0.0 982.1 1063.0 1022.6
631.4 13.77 48.3 1079.0 1159.0 1119.0
680.0 14.83 80.5 1196.0 1288.0 1242.0
728.6 15.89 144.9 1336.0 1433.0 1384.5
7772 16.95 161.0 1433.0 1630.0 1481.5
825.8 18.01 209.3 1546.0 1642.0 1594.0
874.4 19.07 289.8 1658.0 1787.0 1722.5
923.0 20.13 305.9 1771.0 1932.0 1851.56
971.6 21.19 370.3 1916.0 2093.0 2004.6

Speclmen falled




6:1:4 Waestbrick Prism Test 4
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Load Stress Strain (ps)
(kN) (N/mm?) N o, e, .
0.0 0.00 0.0 0.0 0.0 0.0
48.6 1.06 76.5 96.6 56.4 120.0
97.2 2.12 100.7 161.0 1449 180.0
145.8 3.18 193.3 2254 2254 245.0
194.4 4.24 261.6 322.0 305.9 340.0
243.0 5.30 3140 4106 386.4 4400
2916 6.36 366.3 531.3 483.0 520.0
340.0 7.42 450.8 611.8 563.5 665.0
388.8 8.48 §19.2 700.4 668.2 755.0
4374 9.54 591.9 813.1 740.3 705.0
485.6 10.59 684.3 926.8 853.3 810.0
534.2 11.65 768.8 1046.6 925.8 987.0
582.8 12.71 861.4 1175.5 1022.6 1100.0
631.4 13.77 941.8 1288.0 1119.0 1200.0 “
680.0 14.83 1018.3 1473.0 1242.0 1284.0
728.6 15.89 1106.9 1320.5 1384.5 1305.0
777.2 16.95 1219.7 1304.5 1481.5 1420.0
825.8 18.01 1324.1 1248.0 1694.0 1640.0
8744 19.07 1408.7 14165 1722.5 1875.0
923.0 20.13 1549.7 1594.0 1851.5 2070.0
971.6 21.19 1678.3 1778.2 2004.5 2248.0
Specimen falled

_“.-
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6:1:5 Westhrick Non-Dimensional Stress Strain Plot

Load Stress
kN N

(kN) (N/mm?) i 8,/en €,/8, 8/en | e./e,
0.0 0.00 0.000 0.000 0.000 0.000 0.000
48.6 1.06 0.043 0.022 0.028 0.016 0.034
97.2 212 0.086 0.029 0.046 0.042 0.052
145.8 3.18 0.129 0.056 0.065 0.065 0.070
194.4 4.24 0.172 0.075 0.093 0.088 0.098
243.0 5.30 0.215 0.0590 0.118 0.111 0.126
291.6 6.36 0.258 0.105 0.153 0.139 0.149
340.2 742 0.300 0.130 0176 0.162 0.191
G 388.8 8.48 0.343 0.149 0.201 0.192 0.217
’ 437.4 9.54 0.386 0.170 0.234 0.213 0.203
485.6 10.59 0.429 0.197 0.266 0.245 0.233
534.2 11.65 0.472 0.221 0.301 0.266 0.284
5828 1271 0.515 0.248 0.238 0.204 0.316
631.4 13.77 0.568 0.271 0.370 0,322 0.345
680.0 14.83 0-601 0.293 0.423 0.357 0.369
728.6 15.689 0.644 0.318 0.379 0.398 0.375
777.2 16.95 0.687 0.350 0.375 0.426 0.408
825.8 18.01 0.730 0.380 0.359 0.458 0.471
874.4 19.07 0.773 0.405 0.407 0.495 0.539
923.0 20.13 0.815 0.445 0.458 0.532 0.595
971.6 2119 0.858 0.482 0.511 0.576 0.646

L v




239
6:1:6 Waestbrick Non-Dimenslonal Parabolic Plot

straln (us) i/f, e/fe,

0 0.000 0.000

400 0.207 0.115

800 0.407 0.230

1200 0.571 . 0.345

1600 0.708 0.460

2000 0.819 0.575

2400 0.904 0.690

2800 0.962 0.805

3200 0.994 0.920

- 3600 0.999 1.034

G 4000 0.978 1.149
e, = 3480 us

f. = 25.2 N/mm?

.
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6:2:1 Coatham Prism Test 1
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Load | Stress Demec gauge strain (us) 1]
(kN) | (N/m
m?) 1 2 3 4 5 6 4 8 j
0.0 0.00 0 0 0 0 0 0 0 0
48.6 1.06 -40 -40 466 | -243 20 40 81 121
972 | 212 -101 -284 | -850 -466 61 162 266 202
1458 | 3.18 -243 607 | -1050 | -809 202 263 506 466
1944 | 4.24 -385 870 | -1619 | -1052 | 223 364 789 789
2430 | 5.30 -587 | -1316 | -2348 | -1376 | 769 466 1903 | 3036
2016 | 6.36 668 | -1579 | 2672 | -1957 | 3198 | 2449 | 6173 | 7813
3402 | 7.42 830 | -1700 | 3269 | -2503 | 7307 | 6375 | 11320 | 13844
3680 | 803 Specimen failed _J
L . _OpoLITe A l
Average .concrete cube-strength ' | = 26.7 N/mm?
Average mortar cube strength -~ = 443 N/mm?
Cross-sectional area , = 45850 mm?
Length = 611.3mm
Remarks

Specimen loaded in 50kN increments, cracking noises started at 120kN, visible

cracking started at 230kN and occurred at interface between grout and

brickwork and through bricks at top and bottom of specimen.
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6:2:2 Coatham Prism Test 2
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Load | Stress Demec gauge strains (ps)
(kN) (N/m
m?) 1 2 3 4 5 6 7 8
0.0 0.00 0 0 0 0 0 0 0 0
486 | 1.06 20 -284 | -344 | -263 20 40 20 20
972 | 212 | 142 | 344 | 506 | 405 61 61 40 20
1458 | 318 | -284 | 445 | 668 | -567 101 81 101 142
1944 | 424 | 425 | -466 | -891 -809 202 345 101 243
2430 | 530 | 627 | 926 | -1133 | -972 263 870 344 466
2916 | 636 | 809 | -1050 | -1194 | -1215 | 668 1653 547 749
3402 { 742 | -1155 | -1324 | -1805 | -1450 | 4809 | 6753 | 3173 | 5222
3888 | 848 | -1306 | -1538 | -2097 | -1859 | 10383 | 11651 | 7470 | 8137
4390 { 957 Specimen falled "
Average concrete cube strength 26.7N/mm?
Average mortar cube strength 44.2 N/mm?®
Cross-sectional area 45850 mm?®
Length 611.3 mm
Remarks

Initial crack noise started at 200kN, visible cracking at 280kN. At 340kN

cracks between interface to brickwork and grout. Failure not explosive at

439.0kN.




6:2:3 Coatham Prism Test 3
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-~ Load _  Stress . - Strain_ (us)
J (kN) .+ (N/mm?) o o o./6
0.0 0.00 0 0 0.000
48.6 1.06 -243 65 0.267
97.2 212 -466 173 0.3
145.8 3.18 830 359 0.433
194.4 4.24 -1051 541 0.515
243.0 5.30 -1498
291.6 6.36 -2163
340.2 7.42 -2588

* = demec gauges 3 and 4

** = demec gauges 5,6,7 and 8

6:2:4 Coatham Prism Test 4

Stress Straln (ps) "

(N/mem) |

0.00 0 0

1.06 228 25

212 349 45 .

3.18 am 106

4.24 648 223

6.30 a16 358

6.36 1067

742 1436

8.48 1700

demec gauges 1,2,3 and 4

demec gauges 5,6,7 and 8




6:2:5 Coatham Plot Prism Test 5
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Load . Stress- . Strain (pus) “
N (N/mm?) J
C e, e, e, e,
. 0.0 0.00 0 0 0 0
48.6 1.06 240 220 121 180
97.2 ] 2.12 460 355 400 282
145.8 3.18 840 485 440 545
1944 424 1045 530 720 560
243.0 5.30 1500 915 818 760
291.6 6.36 2140 1065 1205 925
340.2 7.42 2580 1315 1642 1240
388.8 8.48 - 1700 2283 1480
Fallure load 368 439 422 431
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6:2:6 Coatham Non-Dimensional Stress Strain Plot

Load Stress A, e,/e, e,/6,, es/e., e/e,
(N) | (N/mm?) 1
0.0 0.00 0.000 0.000 0.000 0.000 0.000
48.6 1.06 0.123 0.110 0.101 0.055 0.083
97.2 212 0.245 0.211 0.163 0.183 0.129
145.8 3.18 0.369 0.385 0.222 0.202 0.250
194.4 4.24 0.492 0.479 0.243 0.330 0.257
243.0 5.30 0.615 0.688 0.420 0.375 0.348
291.6 6.36 0.738 0.981 0.488 0.552 0.421
340.2 7.42 0.860 1.183 0.603 0.7583 0.569
368.8 8.48 0.983 - 0.779 1.047 0.679

6:2:7 Coatham Non-Dimensional Parabolic Plot

Strain (us)

0
400
800

1200
1600
2000
2400
2800

6, = 2181 us

f, = 8.8 N/mm?
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6:3:1 Walingrove Prism Test 1

245

Load | Stress Demec Gauge Strains (ps)
(kN) | (N//m
m 1 2 3 4 5 6 7 8
=
0.0 0.00 0 0 0 0 0 0 0 0
486 | 1.06 | -142 +40 | -223 0 40 364 0 -1
972 | 212 | 324 | -101 -284 -20 0 81 223 81
1458 | 318 | -526 | -162 | -344 0 263 344 0 81
1944 | 424 | -749 | 223 | -445 -40 20 20 0 81
2430 | 630 | -607 40 -364 142 20. | 263 0 61
3000 | 6.54
{ — |
Average concrete cube strength = 26.7 N/mm?
Average mortar cube strength = 44.2 N/mm?
Cross-sectional area = 45850 mm?
Length = 611.3 mm
Remarks

Specimen loaded in 50kN increments, no cracking untit 150kN - then slight

noises occurred. At 243kN cracking was observed passing through the

brickwork and grout interface. At 250kN cracks widened and spread through
brickwork and grout, some spalling of the faces occurred until the specimen
failed at 300kN. Failure mode was vertical splitting - tension failure.



6:3:3 Waingrove Prism Test 3
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Load Stress Demec gauge strains (pus) ‘l‘l
(kN) (N/mm?)
8, 8, 8y €4 €5 Il
0.0 0.00 0 0 0 0 0 j
48.6 1.06 120 20 110 60 40
97.2 212 180 20 230 120 73
145.8 3.18 223 40 350 180 120
194.4 424 331 80 470 240 160
243.0 5.30 400 140 - 240 270
291.6 6.36 500 170 - 320 270
340.2 7.42 5§70 250 - 370 320
388.8 8.48 680 280 - 500 110
437.4 9.54 780 380 - 540 460
485.6 10.59 850 470 - 590 540
534.2 1165 950 530 - 650 700
582.8 12.71 1080 610 - 740 800
Fallure load 650 628 300 615 643
—J
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6:3:4 Waingrove Non-Dimensional Stress Strain Plot

[ +- —
B Load Stress f/E, e,/0, 8,/6 e,/e, €,/6n eg/e,
(kN) | (N/mm?)
0.0 0.00 0.000 0.000 0.000 0.000 0.000
48.6 1.06 0.076 0.111 0.019 0.102 0.056 0.037
97.2 212 0.162 0.167 0.019 0.213 LRRD 0.068
145.8 3.18 0.229 0.206 0.037 0.324 0.167 0.111
194.4 4.24 0.305 0.306 0.074 0.435 0.222 0.148
243.0 5.30 0.381 0.370 0.130 - 0.222 0.250
291.6 6.36 0.457 0.463 0.157 - 0.296 0.250
340.2 7.42 0.533 0.528 0.231 - 0.343 0.296
388.8 8.48 0.609 0.630 0.259 - 0.463 0.380
4374 9.54 0.685 0.722 0.352 - 0.500 0.426
485.6 10.59 0.762 0.787 0.435 - 0.546 0.500
534.2 11.65 0.838 0.880 0.491 - 0.602 0.648
582.8 12.71 0914 1.000 0.565 - 0.685 0.741

6:3:5 Waingrove Non-Dimensional; Parabolic Plot

Strain (us) f/t, efe, ]

0 0.000 0.000
200 0.336 0.185
400 0.604 ' 0.370
600 : 0.802 0.556
800 0.833 0.741
1000 0.995 0.926
1200 0.988 1.111
1400 0.912 _l 1.296

ey, - 1080 us

f, = 14.2 N/mm?
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Graphs
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Figures, Tables
and photographic plates






































































































































































































































































































































































































APPENDIX 4

Annex A Example:calculations

Afinéx'B. Analysis of tensile and compressivebehaviour
of ibeams from the:experimental results

| Annéx C Liniit state procedures




ANNEX A

A0

EXAMPLE CALCULATIONS

The following calculations are a selection of solutions predicting beam behaviour.

The results are listed in Tables 7.1b,7.1d, 72b-d, 7.3, 7.5, 7.7 - 13m, 7.11a, 7.15 .

Al

A2

A2l

STANDARD DATA FOR 1/120 BEAM (REFER TABLE 7.1a)
b= 327.5mm d =192mm Agq = 402mm?
p=10.639 x 107 ¢ = 16mm

Brick, prism mean compressive strength = 25.2 N/mm? pe and fi )

Ey; = 18.04 kKN/mm’ Eps = 12.65 KN/mm’
pst=476.2 N/mm?® No. of bars=n=2
E,=1954 kN/mm® .  En=0.0035

m; = 10.83 m, = 15.6

For elastic shear analysis:

P,=028 N/mm®>  pg= 140 N/mm’ z=0.85d

PREDICTIONS USING ELASTIC ANALYSIS

Moments of resistance, My and My

bd.2 + 2mdc - 2m; d Aq =0 (Equation A5.8)

(327.5 % 192%) d + (2 x 10.83) d. - 2 x 10.83 x 192x 402 =0

Hence d; = 59.3mm

My =0.5prcbd; (d - d/3)  (Equations A5.9)

M. = 0.5 x 25.2 x 327.5 x 59.3 (192 - (59.3/3)) M = 42.1 KNm

Mg = £y Aq (d - do/3) (Equation A5.10)

M, = 476.2 x 402 (192 - (59.3/3) M, = 32.8 kKNm




32.8 « 42.0 hence moment of resistance provided by the steel controls.

= 31‘;!“ =492 kN

Load at collapse of 2m span beam Wy

A.2.2 Elastic Shear Vy, (Unreinforced) and Vg, (Reinforced) (Equation AS.12)
Vue=bd p,=327.5x192x0.28 x 10 ° =17,6 kN Vie= 17.6 kN

Vie= Vuet Z Agpa/ sv = 17.6+0.85x 192 x 140/ (168 x 10%)

Vge=42.4 kN

A.2.3 Deflection

For a cracked section, using Equation 5.46

3 4

3 +mA, (d - d)’

_ 327.5x59.3° + 10.83mx16°
3

+10.83 x 402 (192-59.3)°

I, =99.5 x 10°mm"*
A.3 PREDICTIONS USING LIMIT STATE ANALYSIS
A.3.1 M. and M,; based on unit material factors

The analysis is based on equations A5.13 -18, A5.20. using Ymm = Yus = 1.0,
since the strength of the materials are known from the physical tests.

fi = 25.2 N/mm?
A.f,
z=d- 2 z=180mm Hence d. = 24mm
k
M= Afy 2 M. = 34.4 kKNm
Myc=blkdcz M = 35.7 kNm

34.4 ¢ 35.7 hence moment of resistance provided by the steel controls.



NB  The code equation (BS5628)

f:bd’
Part 2 Clause 22.4.21) requiresMd > 0.4 ~*—
¥ mm
For ypm = 1.0 My = 122 kNm
For yum = 2.0 M, = 61 kNm

A.3.1.1Deflection

_ 327.5x24 | 15.4xmx16"

; + 15.4 x 402 (192-24)?

L

I.= 177 x 10° mm*
A.3.2 M, and M, based on material Factors set to BS5628 Part 2 Values

The analysis is based on equations A5.17-20, using Ymm = 2.0 and
Yoo = 1.15  fi = 25.2 N/mm’

A
z=d- M z=172mm Hence d. = 40mm
zbftym
A
M, = —;[’-f M, = 28.6 KNm
M, = bf;fdcz M. = 28.4 KNm

Moments of resistance are nominally equal as expected in a balanced design.
A.3.2.1Deflection

Using d. = 40 I. = 150 x 10°mm*



A3.3 M, and M, based on ductile and brittle failure

The analysis is based on equations A5.6— AS5.9,

A.3.1.1 Ductile failure

_A.f,  402x4762
kfeb  0.75x252x327.5

de d.=30.9mm

My = Aq f [d - dc] = 402 x 327.5 [192 - 30.9] Mg = 34.2 kNm

A.3.1.2 Brittle failure
ki fibd?+ Ad By E. de - AuEpu Esd =0
0.75 x 25.2 x 327.5 x d.2 + 0.0035 x 195.4 (402 x x 10> x d.- 402) x 10° =0
Solves to gives d. = 68.6
M, =k fi bde (d - ka d) = 0.75 x 25.2x 327.5 x 68.6 (192 - 0.417 x 68.6)
M, = 69.3 kN

Hence My < My, therefore a ductile failure would occur.

A.3.1.3 Deflection based on ductile failure

Using d. = 30.9
I =202 x 10°mm*



A.3.4 M, and Mg based on full application of BS 5628 Part 2

In these calculations the analysis used in 7.4 is adopted. However the brickwork
compressive strength is taken as fi/3 {BS 10, Clause 19.1.14). The characteristic
compressive strength for Brick Type 1 with a crushing strength of 38.2 N/mm? aid
using a mortar designation (i) is f = 12.4 N/mm’.

fi=124/3=41 Ymm = 2.0 Youm = 1.15
A

z=d- —if’y—"’" = 68mm d, =248 > d = 190mm
2bft7m

The value of d. is not practical.

A.3.5 Ultimate Shear (Table 7.5) (Equations AS.21 -23)
A.3.5.1 Data for all 2m span beams

b=3275mm d=192mm Ay = 402.12 mm*

A.3.5.2Shear Stress
p=00064 a=667 mm §=3.47<6
Ag=56.66 mm*>  s,=168.8 mm f,. = 385.5 N/mm’

fw=(035+17.5p)

ni=(25-025a/d) fora/d<6

For 2m span n;=(2.5-0.25x3.47)=1.63
fw=1(0.35+17.5x 0.0064) 1.63

€ = 0.753 <1.75 N/mm®

A.3.5.3Shear resistance of unreinforced (V,) and reinforced ( Vr) beams.
Vu=bdf/ Yom
VR =bdfw/ Yom + d X Age X £/ 8v X Yoo

Ve=Vi+dx AgxX £ / 8




Using Yom =2.0 Yms= 1.0
Vo=3275%x192x0.753/2
Vo= 23.7kN
Ve =23.7+192x 56.55x 385.5/168.8 x 10°
Vr=23.7+248=485kN
A.4 THE EFFECT OF SELF WEIGHT OF THE UNIVERSITY OF
PLYMOUTH QUETTA STYLE BEAM
A.4.1 Data
Span =2m
b=327.5mm D=290 mm

Unit weight 23.7 kN/mm®  E; = 18.04 kN/mm’

A.4.2 Calculations
Beam weight, Wy
W,=327.5%290x23.7x 10

Wd=4.5 kN

= 1.125 kNm

Mz, mid span = %

Vomax, 8t support =2.25 kN

Elastic stresses

M 1125x10°6
fbc=fm=_z_ 114x30 0

327.5 290°

foc = fix = 0.25 N/mm?



Fpo = F=10:5 fic b1(0.5D)

=i0.25 x 0.25 %3275 x 290
Fpo =P =59 kN
BM =:Fin x:5D/6

= 5.0% 5 x 290/6x1000

=11.43 kNmi




ANNEX B

Summary of predicted and experimental failure modes.

Analysis of Tensile and Compressive Behaviour of Beams from the

Experimental Results

The following iterative procedure was adopted in order to analyse the experimental

results. Tables 7.10 — 7.10e were developed with the objective of comparing the:-

tensile behaviour. Available tensile resistance provided by the steel, T, kN
and the actual tensile force developed by the reinforced brickwork Te. kN.

This is shown as Tox- T,

compressive behaviour. Compressive strength of the brickwork prisms, py.
and fy N/mm’ and the compressive stress induced by the applied bending

moment f, Nimm® .

Relative values of the strain were also calculated.

Procedure :-

1. Collate data

la Beam reference. (Column 2)
L.b Failure load, B M and mode. (Columns 3,4,5)
lc Effective depth and depth of neutral axis from strain graphs 1-54, these are

graded from 1 — 4 and described in Section 6.2.1. Columns (6 and 7)




1.d. Steel strength, Ty, at yield. (Column 11)
1.f Initial and secant moduli for steel, as listed in Table 4.3

l.g Brickwork compressive strength pa or fi (Column 14)

2. Assumptions
Assume triangular stress diagram, hence lever arm = (d-do/3) with a maximum

compressive fibre stress fi,

3. Calculations

Ja Calculate tension in reinforcing bar Tex where Tox = BM/(d-d/3)
(Column 9)

3.b. Calculate Tex — Ty (Column10)

3c Using Tex = Cex and the appropriate A and E for the bar diameter

calculate the experimental strain in steel €ex (Column 12)
3d Determine percentage ratio of €.,/€y (Column13)
e Using Tex = Cex calculate f,= 2T o/bdc (Column 15)
3f NB.

Iffs > p» then assume that the stress block is rectangular of depth
0.834d. (Hendry p 185 refers,[80]).

OR

Iffs <py goto 3.hiff, > pv recalculate Tex in 3.a above :-

where Tx = BM/(d- 0417d) (Column 9)

Then continue to 3.d.



3g  Using Te="Co céloulate fy = Tu/(b(0:834d3)) (Colurn 16)

3 Iffy< pycalculate strainon brickwork using By initial] (Colurnn'17)
OR
Iffi obtained from:a rectangular: stress block calculate the strain in the:

brickwork;sing Ey secant. (Column: 18).

3i  Measure maximiim strains from Strain Graphsl:= 54 (Column.19),




ANNEX C LIMIT STATE PROCEDURES.

C.0 Introduction

The basic data for the analysis is listed in Table 7.2a. The procedures
produced the predictions shown in Tables 7.2b — 7.2e. The moments of
resistance calculated were the the brickwork strength in compression, Mp.,

and the tensile resistance, Mq.

C.1 The procedures
C.1.1 Procedure 1
Limit state analysis using Modified BS5628 Part 2 [S.3] equations, (Table
7.2), assuming a balanced design.
The basic equations are:
M= Aafy z2/ Yos Mp.=bfi dez/ Yom
z=d-0.5 Aa £ Yo /b fi Yo d.=2(d-z2)
Both partia! factors for materials, Y, and Yam, were set to zero. The assumption
that f was equal to the mean compressive strength of the brickwork prisms was
based on the fact that the latter was derived from a set of prism test. Likewise fy is

the mean of a series of tensile tests.

The second moment of area was calculated for a transformed section, steel only.
The grout and the mortar were considered to have the same material properties as

the brickwork.




C.1.2 Procedure 2
Limit state analysis considering ductile and brittle failures (Table 7.2¢c).
The basic equations were:
Ductile failure
Z=[d-(Aafyko/ f b ki))]
Ms = Aq fy[d - (Aa fy ko/ i b ky))]
Where k; =0.75and k;=0.417 Ymm = Yms =1.0

From z the value of d; = (d - z) / ky

Brittle failure
klﬂ(bdt':2 + AslebuEsdc 'AstﬁbuEsd=0
Solve for d then

Mbc=k1fkbd¢(d—k2dc)

c.1.3 Procedure 3
Limit state analysis using design equations from BS5628 Part 2 [S.3]
(Table 7.2¢).
The basic equations are:
z=d-05Aa £, Yooun /b fi¥irs where Yom=yms = 1.0
d:=2(d-2)
M= Aqfy./yms Mp.=bfide Z/ Y

The solutions provide values of My, significantly less than the code requirement,

Mso = 0.4 fi bd® / Yaom




C.1.4 Procedure 4
Limit state analysis using design equﬁtions from BS5628 Part 2 [S.3] witha

factorised fi (Table 7.2c).

The value of the characteristic strength was based on the code {S.3] Clause

7.4.1.1.4, where the design strength =1/ 3 v
The main effect is on the evaluation of the lever arm where::
z=d-1.5Asf; Yrum /b fi¥rs

Mbc=bﬁcchI3'Ymm
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G D Regan, 45 Chudleigh Road, Lipson Vale, Plymouth, Devon. PL4 THU
Tel: 01752 221733

20 May 1998

MrC Southc&mbe
20 The Spinney

Plympton
Plymouth

Devon

Dear Colin

Thank you for call the other day, I was pleased to hear that you are registered for a
PhD, T hope your retirement provides you with the necessary time for such a project.

I realise that some of the work may well cross-over with work that I carried out
towards my PhD but I wouldn’t want this to cause a problem with copyright. I,
therefore, authorise the use of any of my work in the completion of your thesis.

May I take this opportunity to wish you every success.

Yours sincerely




Sub}: Re: Brickwork research

Date: 8/8/2002 12:42:42 AM GMT Daylight Time
From:  Adrian.Page@newcastio.edu.au

To: ColinSouthcombe@aol.com

Sent from the Intemet (Datails)

Dear Colin

The Australian codes can now be accessed from the Web at www.standards.com.au. The masonry code
is AS3700.2001

To my knowledge there has been virtually no work in this area in Australia recently - most of the
emphasis in our research has been in unreinforced masonry.

I'm sorry | can't be more helpful!
regards
Adrian

Adrian W. Page
Pro Vice-Chancellor, Faculty of Engineering and Built Environment
Dean of Engineering

CBPI Professor in Structural Clay Brickwork
The University of Newcastle,

N.S.W., 2308, Australia

Tel. (61 2) 4921 6025

Fax. (61 2) 4921 7062

>>> <ColinSouthcombe@aol.com> 6/8/02 10:26:00 >>>
Dear Adrian

| hope this finds you well. You are no doubt very busy|

Having retired from the University of Plymouth, UK | decided to put some time to a Phd- "Reinforced Brickwork
Grouted Cavity Beams™. This was an area of study | successfully pursued, with researchers, in the 70s and 80s -
until funding for that ran out.

1 am Yooking to have sight of the Australian code refated to reinforced brickwork. Could you let me have the
relevant arjdress please.

Also are you aware of any research into RB beams which was camied out in Australia since the 80s?
Régands
Calin Southcombe

Sunday, February 02, 2003 AOL: ColinSouthcombe




