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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, BS3921 

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

I I Nominal Size 
.. 

Mean Max 
(mm) 

-
(mm) (mm) 

Length 215.0 5160 5235 

Width 102.5 2460 2505 

Height 65.0 1560 1605 

1:1:1 Results 

Brick Type Length Width Height 
(mm) (mm) (mm) 

1 5141 2464 1592 

2 5168 2415 1568 

3 5119 2436 1555 

·\, 
1:1:2 Mean 

Brick Type Length Width 
(mm) (mm) 

1 214.2 102.7 

2 215.3 100.6 

3 213.3 101.5 

215 

M In 
(mm) 

5085 

2415 

1515 

OK 
within 
limits 

Height 
(mm) 

66.3 

65.3 

64.8 
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1:2 COMPRESSIVE STRENGTH 

1:2:1 Brick Type 1 

No On bed On face On end 
(N/mm~ (N/mm~ (N/mm2

) 

1 39.1 17.7 8.4 

2 42.2 21.5 12.9 

3 44.6 20.0 13.4 

4 30.6 19.0 12.2 

5 37.4 22.4 14.1 

6 42.7 18.7 11.9 

7 40.2 15.4 7.6 

8 29.2 17.6 10.0 

9 29.5 20.8 14.2 

10 46.3 14.7 10.6 

Orientation Mean Standard Coefficient 
compresslve deviation of 

strength variation 
(N/mm~ (N/mm~ 

.. 
bed 38.2 6.35 16.62% 

.face 18.9 2.51 13.28% 

end 11.5 2.31 '20.09% 

Ratio of orientation to bedface 
·\I 

face/bed 0.5 

end/bed 0.3 



0 

. 

1:2:2 Brick Type 2 

No On bed 
(N/mm~ 

1 27.9 

2 28.3 

3 47.8 

4 32.0 

5 37.5 

6 31.6 

7 26.1 

8 29.5 

9 27.1 

10 32.0 

Orientation Mean 
compresslve 

strength 
(Nfmm~ 

bed 32.0 

face 12.9 

end 7.3 

Ratio of orientation to bedface 

face/bed 0.4 

:1.end/bed 0.23 

217 

On face On end 
(N/mm~ (N/mm~ 

11.6 4.7 

13.9 6.7 

13.0 7.7 

13.3 7.7 

13.7 7.2 

11.8 8.3 

13.3 8.0 

11.1 10.3 

13.3 4.1 

13.9 8.8 

Standard Coefficient 
deviation of 

variation 
(N/mm~ 

6.46 20.19% 

1.01 7.83% 

1.84 25.20% 
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1 :2:3. Brick Type 3 

No On bed · 
(Njmm2j 

1 99.5 

2 113.7 

3 117.4 

4 106.8 

5 112.9 

6 104.8 

7 111.3 

8 94.5 

9 103.4 

10 114.3 

Orientation Mean 
compresslve 

strength 
(Njmm2j 

bed 107.9 

face 18.2 

end 9.6 

Ratio of orientation to bedface 

facefbed 0.17 

't~ndfbed 0.09 
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On face On end 
(N/mm2j (Njmm2j 

24.1 11.3 

10.6 13.0 

18.6 10.2 

12.3 6.4 

20.7 7.7 

22.7 6.8 

12.9 10.6 

20.1 9.4 

22.7 9.1 

17.0 11.7 

Standard Coefficient 
deviation of 

variation 
(Njmm2j 

7.32 6.79% 

4.80 26.37% 

2.16 22.50% 
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1:3 WATER ABSORPTION TEST {BY 5 HOUR BOILING) 

.1:3:1 Brick Type 1 

No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mean water absorption 

Standard deviation 

Coefficient of variation 

Water absorption 

Dry Weight Wet Weight Water 
(g) (g) Absorption (%) 

2312 

2272 

2265 

2295 

2274 

2347 

2282 

2251 

2302 

2298 

= 10.63% 

= 0.66% 

= 6.21% 

25n 

2489 

2513 

2552 

2506 

2603 

2522 

2480 

2534 

2561 

= 100 (wet mass- drv mass) 
dry mass 

11.46 

9.55 

10.95 

11.20 

10.20 

10.91 

10.52 

10.17 

9.90 

11.44 
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1 :3:2 Brick Type 2 

I 
No I 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mean water absorption 

Standard deviation 

Coefficient of variation 

Water absorption 

Dry Weight Wet Weight Water 
(g) (g) Absorption (%) 

2091 

2117 

2015 

2045 

2047 

2060 

2085 

2070 

2043 

2089 

= 15.66% 

= 2.23% 

= 14.24% 

2440 

2475 

2221 

2366 

2333 

2366 

2448 

2427 

2399 

2428 

= 100 (wet mass - dry mass) 
dry mass 

16.67 

16.90 

10.22 

15.70 

13.97 

14.85 

17.41 

17.25 

17.42 

16.23 
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1 :3:3 Brick Type 3 

No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mean water absorption 

Standard deviation 

Coefficient of variation 

Water absorption 

Dry Weight Wet Weight Water 
(g) (g) Absorption (%) 

2467 

2470 

2473 

2476 

2482 

2476 

2485 

2475 

2483 

24n 

= 5.18% 

= 0.15% 

= 2.90% 

2594 

2594 

2603 

2603 

2604 

2605 

2615 

2609 

2616 

2604 

= 100 <wet mass- drv mass) 
dry mass 

5.15 

5.02 

5.26 

5.13 

4.91 

5.21 

5.23 

5.41 

5.36 

5.13 
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1:4 INITIAL SUCTION RATE 

1:4:1 Brick Type 1 

I 
No 

I 
Dry Weight Wet Weight Suction Rate 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mean initial suction rate 

Standard deviation 

Coefficient of variation 

Initial Suction Rate 

(g) 

2437 

2422 

2448 

2392 

2405 

2438 

2483 

2485 

2481 

2455 

(g) 

2458 

2433 

2473 

2411 

2425 

2461 

2504 

2500 

2497 

2472 

= 1.032 kgjm2 /min 

= 0.219 kg/m2/min 

= 21.220% 

(%) 

1.111 

0.582 

1.323 

1.058 

1.111 

1.270 

1.164 

0.847 

0.900 

0.953 

= 1000 (mass of wet- mass of d[}!) 
gross area of immersed surface in mm2 
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1 :4:2 Brick Type 2 

I 
No 

I 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mean Initial suction rate 

Standard deviation 

Coefficient of variation 

Initial Suction Rate 

Dry Weight Wet Weight Suction Rate 
(g) 

2426 

2310 

2342 

2385 

2363 

2402 

2396 

2296 

2369 

2431 

(g) 

2444 

2327 

2356 

2398 

23n 

2414 

2411 

2317 

2385 

2442 

= 0. 758 kgjm2 /m in 

= 0.150 kgjm2/min 

= 19.791% 

(%) 

0.904 

0.853 

0.703 

0.653 

0.703 

0.602 

0.753 

1.054 

0.803 

0.552 

= 1 OOQ Cm ass of wet - mass of dr:y) 
gross area of Immersed surface In mm2 
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1 :4:3 Brick Type 3 

No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mean initial suction rate 

Standard deviation 

Coefficient of variation 

Initial Suction Rate 

Dry Weight Wet Weight Suction Rate 
(g) 

2495 

2485 

2567 

2484 

2597 

2485 

2572 

2481 

2563 

2606 

(g) 

2500 

2490 

2571 

2489 

2603 

2490 

2576 

2486 

2567 

2611 

= 0.250 kg/m2/min 

= 0.033 kg/m2/mln 

= 13.200% 

{%) 

0.260 

0.260 

0.208 

0.260 

0.312 

0.260 

0.208 

0.260 

0.208 

0.260 

= 1 000 (mass of wet - mass of dr:y) 
gross area of immersed surface In mm2 
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2:0 SIEVE ANALYSIS OF SAND AND FINE AGGREGATE 

Sieve Sizes Sieve Sizes Sieve Sizes Sieve Sizes 
(mm) (mm) (mm) (mm) 

10 0 100 100 
5 31 98 100 

2.36 273 80 90-100 
1.18 453 51 70-100 
0.60 363 27 40-80 
0.30 206 14 5-40 
0.15 122 6 0-10 

RESIDUE 94 0 

0 



226 

3:0 MORTAR TEST RESULTS 

3:1 COMPRESSION CUBES 

Beam Density Area Load Stress Mean 
Number (kN/m~ x104(mm~ (kN) (N/mm~ (N/mm2

) 

1/220 22.36 1.00 268 26.8 
22.55 1.00 292 29.2 
22.87 1.01 312 30.9 
22.56 1.00 332 33.2 30.02 

1/221 23.00 1.00 349 34.9 
22.91 1.00 270 27.0 
22.70 1.00 318 31.8 31.23 

1/230 22.60 1.00 316 31.6 
22.52 1.00 264 26.4 

c: 
22.88 ·1.00 317 31.7 
22.82 1.00 357 35.7 31.35 

1/231 22.76 1.00 327 32.7 
22.38 1.00 312 31.2 
22.63 0.99 250 25.2 
22.95 1.00 407 40.7 
22.27 1.01 400 39.6 33.88 

1/240 22.89 1.00 270 27.0 
22.72 0.98 2n 28.3 
22.75 1.00 210 21.0 
22.62 1.00 203 20.3 24.15 

1/241 22.86 1.00 390 39.0 
22.74 1.00 376 37.6 
22.80 1.00 376 37.6 
22.75 1.00 386 38.6 38.20 

1/120 22.59 1.00 243 24.3 
22.39 0.99 269 27.0 25.65 

0 1/121 22.31 0.99 238 24.0 24.00 
1/130 22.84 1.00 380 36.0 

22.78 1.00 357 35.7 
22.58 1.00 344 34.4 
22.60 0.99 353 35.5 35.40 

.(I 



c: 

0 

3:1 COMPRESSION CUBE CONTD 

Beam Density 
Number (kN/m3

) 

1/131 22.42 
23.01 
22.91 

1/140 22.43 
22.31 
22.63 
22.39 

1/141 22.75 
22.73 
22.70 
22.64 

1/320 22.52 
22.68 

1/321 22.28 
22.60 
22.72 

1/330 22.83 
22.34 
22.48 
22.57 

1/331 22.48 
22.52 
22.37 
22.43 

1/340 23.15 
22.89 

1/341 22.86 
21.98 

Overall mean cube stress 

Standard deviation 

,iCoefficlent of variation 
I 

Mean density 

Area 
x104(mm~ 

1.00 
1.00 
1.00 
1.00 
1.00 
1.01 
1.00 
1.00 
0.99 
0.99 
0.99 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.01 
1.01 
1.01 
1.01 
1.01 
1.00 
1.01 
1.00 
0.99 
1.00 

Load 
(kN) 

321 
347 
3n 
231 
316 
298 
259 
258 
248 
246 
267 
352 
340 
350 
325 
338 
329 
338 
319 
395 
317 
287 
370 
362 
389 
368 
265 
205 

227 

Stress Mean 
(N/mm~ (N/mm~ 

32.1 
34.7 
37.7 
23.1 
31.6 
29.5 
25.9 
25.8 
25.0 
24.8 
26.9 
35.2 
34.0 
35.0 
32.5 
33.8 
32.9 
33.8 
31.6 
39.1 
31.4 
28.4 
36.6 
36.2 
38.5 
36.8 
26.8 
20.3 

= 31.44 N/mm2 

= 5.28 Njmm2 

= 16.79% 

= 22.64 kN/m3 

34.33 

27.52 

25.62 

34.60 

33.n 

34.35 

33.15 

37.65 

23.55 
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3:1 COMPRESSION CUBE CONTD 

Beam Denshy Area Load Stress Mean 
Number (kN/m3

) x104(mm~ (kN) (N/mm~ (N/mm~ 

2/140 22.86 0.99 336 33.9. 36.40 
23.02 1.00 414 41.4 
22.46 1.02 323 31.7 
22.60 1.01 390 38.6 

2/141 22.82 1.01 434 43.0 41.n 
22.87 0.99 418 42.2 
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 
22.81 1.01 353 34.9 
22.71 1.00 352 35.2 
22.63 1.00 349 34.9 

2/241 22.36 1.03 408 39.6 35.80 
22.57 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 33.5 34.95 
22.61 1.02 350 34.3 
22.79 1.02 366 35.9 
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 
22.51 1.01 400 39.6 

Overall mean cube stress = 37.10 N/mm2 

0 Standard deviation = 3.32 Nfmm2 

Coefficient of variation = 8.95% 

Mean density = 22.67 kN/m3 

' ·\ 
Mean stress for all mortar cubes = 33.08 N/mm2 

Standard deviation = 5.43 N/mm2 

Coefficient of variation = 16.41% 
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3:2 TENSION CYLINDER 

Specimen Height Density p Tensile 

Number (mm) (kN/m3
) (kN) Stress 

1/1 297 22.15 186 2.65 

1/2 298 21.98 160 2.29 

1/3 298 22.07 174 2.48 

1/4 296 21.94 154 2.21 

1/5 297 21.87 200 2.86 

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 22.20 204 2.89 

2/3 300 22.20 214 3.03 

2/4 303 21.76 180 2.52 

Series1, Mean tensile stress = 2.61 N/mm2 

Standard deviation = 0.29 N/mm2 

Coefficient of variation = 11.19% 

Mean density = 22.02 kN/m3 

0 Series 2, Mean tensile stress = 2.89 N/mm2 

Standard deviation = 0.26 N/mm2 

Coefficient of variation = 9.03% 

' 
Mean density = 22.09 kN/m3 

' .,, 

Mean tensile stress for all specimens = 2.71 N/mm2 

Standard deviation = 0.30 N/mm2 

Coefficient of variation = 11.07% 

Mean density = 22.05 kN/m3 
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4:0 IN FILL CONCRETE TEST RESULTS 

4:1 COMPRESSION CUBES 

Beam Density Area Load Stress Mean 
Number (kN/m3

) x104(mm~ (kN) (N/mm~ (N/mm~ 

1/120 22.95 0.99 113 11.5 
1/121 22.98 1.00 120 12.0 11.75* 
1/130 23.58 1.00 265 26.5 

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 28.17 
1/140 22.55 0.99 314 31.7 

23.37 0.98 318 32.4 32.05 
1/141 22.69 1.00 338 33.8 

22.26 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 29.4 29.40 
1/230 23.83 1.01 210 20.8 

23.79 1.00 259 25.9 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 1.02 298 29.2 
23.73 1.00 292 29.2 
23.25 1.00 281 28.1 
23.15 0.99 270 27.3 29.15 

1/320 23.82 1.01 268 26.5 26.50 
1/321 22.16 0.97 167 17.2 17.20 

0 *denotes specimens did not have plasticiser added 
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4:1 COMPRESSION CUBES CONTD 

Beam 
Number 

1/330 

1/331 
1/340 

1/341 

2/140 

2/241 

2/240 

2/241 

2/340 

2/341 

Series1, 

I 

Series 2, 

Density Area 
(kN/m3

) x104(mm~ 

23.16 1.00 
22.30 0.97 
22.70 0.99 
23.78 0.98 
23.26 1.00 
23.26 1.00 
23.10 1.00 
23.67 1.01 
23.23 1.01 
23.51 1.00 
24.00 1.01 
23.27 1.02 
23.20 1.02 
23.48 1.01 
23.25 1.00 
23.20 1.00 
23.04 0.98 
23.49 1.00 
22.45 1.01 
22.80 1.00 
22.89 0.99 
22.86 0.99 
23.05 1.01 
22.91 1.00 
22.75 1.01 
23.04 0.99 
22.95 1.01 
23.05 1.00 
22.89 1.00 
22.72 1.00 
23.20 1.00 

Mean compressive stress 
Standard deviation 
Coefficient of variation 
Mean density 

Mean compressive stress 
Standard deviation 
Coefficient of variation 
Mean density 

Mean stress for all specimens with 
plasticiser 
Standard deviation 
Coefficient of variation 
Mean density 

Load 
(kN) 

353 
253 
302 
202 
328 
362 
300 
156 
157 
167 
167 
233 
192 
188 
131 
143 
137 
137 
162 
158 
168 
179 
144 
139 
144 
142 
143 
115 
137 
126 
133 

231 

Stress Mean 
(N/mm~ (N/mm~ 

35.3 
26.1 
30.5 
20.8 
32.8 
36.2 
30.0 
15.4 
15.5 
16.7 
16.5 
22.8 
18.8 
18.6 
13.1 
14.3 
14.0 
13.7 
16.0 
15.8 
17.0 
18.1 
14.3 
13.9 
14.3 
14.3 
14.2 
11.5 
13.7 
12.6 
13.3 

= 28.33 Nfmm2 

= 5.13 N/mm2 

= 18.0SO..b 
= 23.20 kN/m3 

= 15.35 N/mm2 

= 2.46 N/mm2 

= 16.00% 
= 23.12 kN/m3 

= 22.67 N/mm2 

= 7.70 N/mm2 

= 33.99% 
= 23.16 kN/m3 

30.70 
30.50 

26.80 

33.10 

16.02 

20.07 

13.77 

16.72 

14.20 

12.62 
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4:2 TENSION CYLINDER 

Specimen 
Number 

1/1 
1/2 
1/3 
1/4 
1/5 
1/6 
1/7 
1/8 
2/1 
2/2 
2/3 
2/4 
2/5 
2/6 
2/7 
2/8 
2/9 

Series 1, 

Series 2, 

Height 
·(mm} 

295 
294 
297 
263 
300 
299 
296 
300 
298 
300 
300 
300 
300 
297 
298 
299 
300 

Mean tensile stress 
Standard deviation 
Coefficient of variation 
Mean density 

Mean tensile stress 
Standard deviation 
Coefficient of variation 
Mean density 

Density 
(kN/m3

) 

22.58 
22.56 
22.80 
22.90 
22.94 
22.74 
22.69 
23.13 
22.58 
22.76 
22.17 
22.37 
22.70 
22.68 
22.43 
22.74 
24.08 

Mean tensile stress for all specimens 
Standard deviation 
Coefficient of variation 
Mean density 

.\, 

p Tensile 
(kN) Stress 

108 
144 
107 
107 
163 
165 
167 
170 
81 
109 
186 
190 
95 
98 
123 
131 
141 

= 2.04 Nfmm2 

= 0.38 Nfmm2 

= 18.63% 
= 22.79 kN/m3 

= 1.82 N/mm2 

= 0.55 Nfmm2 

= 30.22% 
= 22.72 kN/m3 

= 1.92 Nfmm2 

= 0.47 N/mm2 

= 24.48% 
= 22.75 kN/m3 

1.55 
2.08 
1.53 
1.73 
2.31 
2.34 
2.39 
2.40 
1.15 
1.54 
2.63 
2.69 
1.34 
1.40 
1.75 
1.86 
1.99 

232 
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5:0 STEEL CHARACTERISTICS 

Diameter Condition Yield Ultimate Modulus of 
(mm) Stress Stress Elasticity 

(N/mm2j (N/mm2j (kN/mm2j 

26 1 unslot 468.4 606.9 196.7 
26 2 unslot 458.3 604.9 198.9 

mean 463.4 605.9 197.3 

25 1 slot 477.0 621.0 196.8 
25 2 slot 473.0 618.0 199.4 

mean 475.0 619.5 198.1 

16 1 unslot 487.3 556.6 196.7 
16 2 unslot 472.4 554.5 199.3 

mean 479.9 555.5 197.8 

16 1 unslot 475.0 . 612.0 195.9 
2 unslot 478.0 617.0 197.1 
3 unslot 476.0 612.0 195.9 

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 477.0 579.9 192.1 

mean 474.0 582.0 192.7 

Diameter Mean Yield Ultimate E 

0 
(mm) (N/mm2j (Nfmm~ (kNfmm2j 

25 469.2 612.7 197.7 
20 465.4 584.7 201.2 
16 476.2 587.3 195.4 
8 290.5 405.8 242.4 
6 385.5 509.3 227.4 
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6:0 COMPRESSION ZONE PRISM TESTS 

6:1:1 Westbrlck Prism Test 1 

Load Stress Strain (11s) 
(kN) (N/mm~ 

e. 9:! e3 e4 e * "" 
0.0 0.00 0.0 0.0 0.0 0.0 0.0 

48.6 1.06 48.3 64.4 96.6 96.6 76.5 
97.2 2.12 -16.1 129.0 161.0 129.0 100.7 
145.8 3.18 113.0 209.0 258.0 193.2 193.3 
194.4 4.24 257.6 273.7 305.9 209.3 261.6 
243.0 5.30 273.7 338.1 386.4 257.6 314.0 c 291.6 6.36 305.9 418.6 450.8 289.8 366.30 
340.2 7.42 418.6 499.1 547.4 338.1 450.8 
388.8 8.48 483.0 595.7 627.9 370.3 519.2 
437.4 9.54 547.4 676.7 724.5 418.6 591.8 
485.6 10.59 644.0 788.9 821.1 483.0 684.3 
534.2 11.65 740.6 885.5 933.8 515.2 768.8 
582.8 12.71 788.9 1014.3 1062.6 579.6 861.4 
631.4 13.n 869.4 1110.9 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 
n1.2 16.95 1143.0 1385.0 1562.0 788.9 1219.7 
825.8 18.01 1175.0 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 Failed 

.\ 
I 
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6:1 :2 Westbrlck Prism Test 2 

Load Stress. Strain (J.IS) 
-. 

(kN). (N/mm2) 
e, e2 ea e4 e3+e4 e,+~ 

0.00 0.00 0.0 0.0 0.0 0.0 0.0 0.0 
46.6 1.06 80.5 46.3 80.5 112.7 96.6 64.4 
97.2 2.12 144.9 96.6 128.8 193.2 161.0 120.8 
145.8 3.18 209.3 144.9 225.4 225.4 225.4 177.1 
194.4 4.24 273.7 193.2 305.9 338.1 322.0 233.5 
243.0 5.30 338.1 241.5 402.5 418.6 410.6 289.8 
291.6 6.36 418.6 257.6 531.3 531.3 531.3 338.1 
340.2 7.42 466.9 289.8 611.8 611.8 611.8 378.4 
333.8 8.46 547.4 322.0 708.4 692.3 700.4 434.7 
437.4 9.54 595.7 338.1 805.0 821.1 813.1 466.9 
465.6 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 
582.8 12.71 821.1 450.8 1095:0 1256.0 1175.5 636.0 
631.4 13.77- 901.6 515.2 1191.0 1385.0 1288.0 708.4 
680.0 14.83 1030.4 563.5 1352.0 1594.0 1473.0 797.0 
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 1304.5 611.8 
825.8 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 1416.5 579.6 
923.0 20.13 805.0 322.0 1626.0 1562.0 1594.0 563.5 
971.6 21.19 837.2 330.0 1882.0 1674.4 1778.2 583.6 

Specimen failed 
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6:1:3 Westbrlck Prism Test 3 

Load Stress .. · Strain ·c 14s) 
(kN) (N/mm") ' e, 92 .. e3 ~+e3 

0.0 0.00 0.0 0.0 0.0 0.0 
48.6 1.06 80.5 64.4 48.3 ·56.4 
97.2 2.12 0.0 161.0 128.8 144.9 
145.8 3.18 -193.2 209.3 241.5 225.4 
194.4 4.24 -289.8 289.8 322.0 305.9 
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 -1n.1 531.3 595.7 563.5 

c~ 
388.8 8.48 -144.9 627.9 708.4 668.2 
437.4 9.54 -96.6 740.0 740.6 740.3 
485.6 10.59 -64.4 837.2 869.4 853.3 
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.n 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 
n1.2 16.95 161.0 1433.0 1530.0 1481.5 
825.8 18.01 209.3 1546.0 1642.0 1694.0 
874.4 19.07 289.8 1658.0 1787.0 1722.5 
923.0 20.13 305.9 1n1.o 1932.0 1851.5 
971.6 21.19 370.3 1916.0 2093.0 2004.5 

Specimen failed 

0 

:\ 
I 
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6:1:4 Westbrlck Prism Test 4 

Load Stress Strain (l's) 
(kN) (N/mm~ 

8, 82 83 84 

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 2.12 100.7 161.0 144.9 180.0 
145.8 3.18 193.3 225.4 225.4 245.0 
194.4 4.24 261.6 322.0 305.9 340.0 
243.0 5.30 314.0 410.6 386.4 440.0 
291.6 6.36 366.3 531.3 483.0 520.0 
340.0 7.42 450.8 611.8 563.5 665.0 
388.8 8.48 519.2 700.4 668.2 755.0 
437.4 9.54 591.9 813.1 740.3 705.0 
485.6 10.59 684.3 925.8 853.3 810.0 
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.n 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 
m.2 16.95 1219.7 1304.5 1481.5 1420.0 
825.8 18.01 1324.1 1248.0 1594.0 1640.0 
874.4 19.07 1408.7 1416.5 1722.5 1875.0 
923.0 20.13 1549.7 1594.0 1851.5 2070.0 
971.6 21.19 1678.3 1n8.2 2004.5 2248.0 

Specimen failed 

0 
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6:1 :5 Westbrlck Non-Dimensional Stress Strain Plot 

Load Stress 
(kN) (N/mm~ 

f/fm e,/em e2/em eiem e4 /em 

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 2.12 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 6.30 0.215 0.090 0.118 0.111 0.126 
291.6 6.36 0.258 0.105 0.153 0.139 0.149 
340.2 7.42 0.300 0.130 0.176 0.162 0.191 

c 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 
582.8. 12.71 0.515 0.248 0.338 0.294 0.316 
631.4 13.n 0.558 0.271 0.370 0.322 0.345 
680.0 14.83 o:601 o:293 0.423 0.357 0.369 
728.6 15.89 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 21.19 0.858 0.482 0.511 0.576 0.646 

0 
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6:1:6 Westbrlck Non-Dimensional Parabolic Plot 

strain (!'&) f/fm e/em 

0 0.000 0.000 
400 0.207 0.115 
BOO 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 

0 
3600 0.999 1.034 
4000 0.978 1.149 

em = 3480 J.LS 
fm = 25.2 Nfmm2 

0 
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6:2:1 Coatham Prism Test 1 

Load Stress 
(kN) (N/m 

1 m2j 2 

0.0 0.00 0 0 
48.6 1.06 -40 -40 
97.2 2.12 -101 -284 
145.8 3.18 -243 -ID7 
194.4 4.24 -385 -870 
243.0 5.30 -587 -1316 
291.6 6.36 -668 -1579 
340.2 7.42 -830 -1700 

368.0 8.03 

Average .concrete cube -strength 

Average mortar cube strength 

Cross-sectional area 

Length 

Remarks 

Demec gauge strain (l's) 

3 4 5 

0 0 0 
-466 -243 20 
-850 -466 61 

-1050 -809 202 
-1619 -1052 223 
-2348 -1376 769 
-2672 -1957 3198 
-3259 -2503 7307 

Specimen failed 

6 ·1 

0 0 
40 81 
162 266 
263 506 
364 789 
466 1903 

2449 6173 
5375 11320 

= 26.7 N/mm2 

= 44.3 N/mm2 

= 45850 mm2 

= 611.3mm 

240 

8 

0 
121 
202 
466 
789 

3036 
7813 
13844 

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 

Load Stress Demec gauge strains (!ls) 
(kN) (N/m 

m~ 1 2 3 4 5 6 7 8 

0.0 0.00 0 0 0 0 0 0 0 0 
48.6 1.06 -20 -284 -344 -263 20 40 20 20 
97.2 2.12 -142 -344 -506 -405 61 61 40 20 
145.8 3.18 -284 -445 -668 -567 101 81 101 142 
194.4 4.24 -425 -466 -891 -809 202 345 101 243 
243.0 5.30 -627 -926 -1133 -972 263 870 344 466 
291.6 6.36 -809 -1050 -1194 -1215 668 1653 547 749 
340.2 7.42 -1155 -1324 -1805 -1459 4809 6753 3173 5222 
388.8 8.48 -1306 -1538 -2097 -1859 10383 11651 7470 8137 

439.0 9.57 Specimen failed 

Average concrete cube strength = 26.7N/mm2 

Average mortar cube strength = 44.2 N/mm2 

Cross-sectional area = 45850 mm2 

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. 

-i I 
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6:2:3 Coatham Prism Test 3 

' Load 
(kN) 

0.0 
48.6 
97.2 
145.8 
194.4 
243.0 
291.6 
340.2 

Stress Str111n·. (l's) .. 

(N/mm2) 
e* 

.. 
I ea 

0.00 0 0 
1.06 -243 65 
2.12 -466 173 
3.18 -830 359 
4.24 -1051 541 
5.30 -1498 
6.36 -2153 
7.42 -2588 

* = demec gauges 3 and 4 

•• = demec gauges 5,6,7 and 8 

6:2:4 Coatham Prism Test 4 

Load 
(kN) 

0.0 
48.6 
97.2 
145.8 
194.4 
243.0 
291.6 
340.2 
388.8 

Stress Strain (l's) 
(N/mm~ 

e* ea** I 

0.00 0 0 
1.06 228 25 
2.12 349 45 
3.18 491 106 
4.24 648 223 
5.30 916 358 
6.36 1067 
7.42 1436 
8.48 1700 

* = demec gauges 1,2,3 and 4 

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

242 

e3/e1 

0.000 
0.267 
0.371 
0.433 
0.515 

e3/e1 

0.000 
0.110 
0.129 
0.216 
0.344 
0.391 
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6:2:5 Coatham Plot Prism Test 5 

Load . Stre·ss· ' Strain (J.IS) 
· (kN) (N/mm~ 

.. 
.. 

.. e, e2 e3 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 
194:4 4.24 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 

Failure load 368 439 422 431 

0 



0 

6:2:6 Coatham Non-Dimensional Stress Strain Plot 

Load Stress f/fm e,/em 92/em 
(kN) (N/mm~ 

0.0 0.00 0.000 0.000 0.000 
48.6 1.06 0.123 0.110 0.101 
97.2 2.12 0.245 0.211 0.163 
145.8 3.18 0.369 0.385 0.222 
194.4 4.24 0.492 0.479 0.243 
243.0 5.30 0.615 0.688 0.420 
291.6 6.36 0.738 0.981 0.488 
340.2 7.42 0.860 1.183 0.603 
388.8 8.48 0.983 - 0.779 

6:2:7 Coatham Non-Dimensional Parabolic Plot 

Strain (11s) 

0 
400 
800 
1200 
1600 
2000 
2400 
2800 

f/fm 

0.000 
0.333 
0.599 
0.798 
0.929 
0.993 
0.990 
0.919 

em = 2181 JJS 

fm = 8.8 N/mm2 

244 

e3/em 94/em 

0.000 0.000 
0.055 0.083 
0.183 0.129 
0.202 0.250 
0.330 0.257 
0.375 0.348 
0.552 0.421 
0.753 0.569 
1.047 0.679 

e/em 

0.000 
0.183 
0.367 
0.550 
0.734 
0.917 
1.100 
1.284 
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6:3:1 Walngrove Prism Test 1 

Load Stress 
(kN) (N//m 

1 m~ 2 

0.0 0.00 0 0 
48.6 1.06 -142 +40 
97.2 2.12 -324 -101 
145.8 3.18 -526 -162 
194.4 4.24 -749 -223 
243.0 5.30 -607 40 

300.0 6.54 

Average concrete cube strength 

Average mortar cube strength 

Cross-sectional area 

Length 

Remarks 

Demec Gauge Stmlns 

3 4 5 

0 0 0 
-223 0 40 
-284 -20 0 
-344 0 263 
-445 -40 20 
-364 142 20 

(J.IS) 

6 7 

0 0 
364 0 
81 223 
344 0 
20 0 

263 0 

= 26.7 N/mm2 

= 44.2 N/mm2 

= 45850 mm2 

= 611.3 mm 

245 

8 

0 
~1 

-81 
-81 
-81 
-81 

Specimen loaded in 50kN increments, no cracking until 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. 

1 
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6:3:3 Walngrove Prism Test 3 

Load Stress Demec gauge strains (!IS) 
(kN) (N/mm~ 

e, 11:! es e. e& 

0.0 0.00 0 0 0 0 0 
48.6 1.06 120 20 110 60 40 
97.2 2.12 180 20 230 120 73 
145.8 3.18 223 40 350 180 120 
194.4 4.24 331 80 470 240 160 
243.0 5.30 400 140 - 240 270 
291.6 6.36 500 170 - 320 270 
340.2 7.42 570 250 - 370 320 

c. 388.8 8.48 680 280 - 500 410 
437.4 9.54 780 380 - 540 460 
485.6 10.59 850 470 - 590 540 
534.2 11.65 950 530 - 650 700 
582.8 12.71 1080 610 - 740 800 

FaUure load 650 628 300 615 643 

0 

' ·1, 
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6:3:4 Walngrove Non-Dimensional Stress Strain Plot 

Load Stress f/fm e,fem ezfem e3/em e~fem esfem 
(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 2.12 0.152 0.167 0.019 0.213 0.111 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 
437.4 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 0.914 1.000 0.565 - 0.685 0.741 

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

I Strain (l's) I f/fm I efem I 
0 0.000 0.000 

200 0.336 0.185 
400 0.604 0.370 
600 0.802 0.556 
800 0.933 0.741 
1000 0.995 0.926 
120!l 0.988 1.111 
1400 0.912 1.296 

em· 1080 ps 

fm = 14.2 Nfmm2 
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Figure 1.3 -Brick Types 
Perforated, Solid and Frog 
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Figure 2.4 - Three cross sections from a Garwood and Tomlinson Test Beam 
Note: Steel ties were used to join the outer brickwork and central core of brick/grout. Of note is the significant use of snap headers. 
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Figure 3.1 - Elevations of Brickwork Bonding 
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Figure 3.4 - University of Plymouth Quetta Style Bond 
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Figure 5.5 Stress-strain curves for four different bricks in compression 
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Figure 5.9 Web-shear, flexure-shear and flexure cracks 
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Figure 5.10 Shear transmission by difl'erent mech.anisms in a grouted cavity beam 
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Figure 7 .2a -Load versus steel strain plot- brick type 1 
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Figure 7.2b -Load versus steel strain plot- brick type 2 



LOAD/STRAIN PLOT BRICK TYPE 3 
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Figure 7 .2c -Load versus steel strain plot- brick type 3 
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Beam 120 

Beam 121 

Figure 7 .3a- Crack patterns, beams UO and 121 , 



Beam 220 

Beam 221 

Figure 7 .3b- Crack pa~ems, beams 220 and 221 
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Beam 320 

Beam 321 

Figure 7 .3c- Crack patterns, beams 320 and 321 



Beam 130 

Beam 131 

Figure 7 .3d- Crack patterns, beams 130 and 131 



Beam 230 
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Beam 231 

Figure 7 .3e- Crack patterns, beams 230 and 231 
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Beam 331 

Figure 7 .3f- Crack patterns, beams 330 and 331 
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Beam 141 

Figure 7 .3g- C~ck patterns, beams 140 and 141 
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Figure 7 .3h -Crack patterns, beams 24q ud 241 
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Bea!T) 341 

Figure 7 .3i- Crack patterns, beams 340 and 341 
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Brick type 

3 bole 

3 hole 

14 hole 

10 hole 

10 hole 

5 slots 

3 hole 

23 hole 

8 bole 

Solid 

3 bole 

3 bole 

Frog 

Frog 

3 hole 

Frog 

3 bole 

Brick strength N/mm1 

Loaded Loaded Loaded 
OD OD on 

Bed Stretcher Header 

90.4 50.7 28.8 

82.0 53.2 40.2 

74.3 26.2 10.4 

70.2 29.5 21.7 

64.7 20.2 8.6 

64. L 51.8 13.8 

58.0 19.4 16.0 

49.4 11.0 10.5 

49.1 17.8 13.4 

43.5 29.0 28.1 

42.6 21.7 35.2 

35.7 21.0 17.1 

33.7 16.6 17. L 

31.7 29.1 15.9 

26.4 14.3 10.4 

25.4 10.5 9.1 

22.7 9.2 6.0 

REFERENCES: 
1. Pedreschi and Sinha[73} 
2. Robson [33] 
3. Rad[34] 
4. Garwood36] 
5. Powe/1 37] 

Table 2.1 Compressive Strengths of Clay Bricks 
when Compressed on Different Faces 

Garwood 

Pedreschi 

Pedreschi 

Pedreschi 

Powell 

Pedreschi 

Rob son 

Powell 

Powell 

Powell 

Rad 
Rad 

Powell 

Powell 

Powell 

Powell 

Powell 



Brick type Loaded Loaded Loaded 
on on OD 

Bed Stretcher Header 
J hole 90.4 50.7 28.8 
J hole 82.0 53.2 40.2 
3 hole 58.0 19.4 16.0 
3 hole 42.6 21.7 35.2 
3 hole 35.7 21.0 17.1 
3 hole 26.4 14.3 104. 
3 bole 22.7 9.2 6 

REFERENCES: 
I. Pedreschi and Sinha[73] 
2. Robson {33} 
3. Rad [34] 
4. Garwood[36} 
5. Powell {37] 

Table 2.2 Compressive Strengths of 3 Hole Clay Bricks 
when Compressed on Different Faces 

Garwood 
Pedreschl 
Robson 

Rad 
Rad 

Powell 
Powell 



Materials Brick Prism Mortar Reinforcement 

Water Comp Comp Youngs Comp Tensile 0.2% Proof Ultimate 

Researcher Date Dimensions Absorption Strength Strength Modulus Strength Strength Stress Strength 

(mm) (%) (Njmm2
) (Njmm~ (kNjmm~ (Njmm~ (N/mm~ (N/mm~ (Njmm~ 

Sin ha 
& 1978 4.2 71.32 33.9 20.5 28.38 

Foster 

26.0 

& 215X1 02.5x65 20.0 

Tomlinson 20.0 

Os man 21 .4 

& 215X101x67.3 88.28 22.63 18.50 21 .4 572.0 636.7 

Hendry 580.0 649.3 

Table 23a Summary of Material Properties for Previous Research Work 



Materials Brick Prism Mortar Reinforcement 

Water Comp Comp Youngs Comp Tensile 0.2% Proof Ultimate 

Researcher Date Dimensions Absorption Strength Strength Modulus Strength Strength Stress Strength 

(mm) (%) (Nj mm2
) (Nj mm2

) (kN/mm~ (N/mm~ (N/ mm2
) (N/ mm2

) (Njmm~ 

Wit hey 1932 204.6x92.3x58.0 17.80 18.60 16.56 19.90 

195.2x89.0x55.4 86.30 19.80 24.15 19.90 

63.50 14.40 14.49 19.90 

Ham man 1937 65.90 37.80 16.49 23.80 

& 42.90 16.15 23.80 

Burridge 14.10 11 .90 4.30 2.07 23.80 

3.80 2.35 23.80 

Thomas & 1938 15.70 27.90 14.75 10.63 24.15 

Simms 

Table 2.3b Summary of Material Properties for Previous Research Work 



Beam Beam Failure Stirrup Mortar Pier 

. Type Aef p b d vmax Mmax Mmax/bd2 v.v Mode Ratio Strength Strength 

(%) (mm) (mm) (kN) (kNm) (Njmm2) (Njmm2} (%) (Njmm~ (Njmm~ 

AM C1 
' 

0.57 211.0 233.9 56.5 22.28 1.93 0.66 Bt 194 19.9 18.6 

AM C2 0.56 199.5 249.9 58.5 23.10 1.85 0.66 Bt 100 19.9 18.6 

AM C4 0.61 208.4 222.4 53.5 21.10 2.05 0.66 Bt 0 19.9 18.6 

AM CS 0.98 208.4 225.7 80.3 31.94 3.01 1.02 Be 381 19.9 18.6 

AM C6 0.93 205.9 238.9 80.3 31 .93 2.72 0.97 Bt 386 19.9 18.6 

AM C9 1.23 201.3 252.7 119.9 48.33 3.76 1.44 Bt+Sdt 455 19.9 18'.6 

AM C3 0.62 203.4 221 .1 49.1 19.30 1.93 0.63 Sdt 0 19.9 18.6 

AM C7 1.33 204.6 228.8 74.0 29.38 2.74 0.97 Sdt 336 19.9 18.6 

AM ea 1.24 214.8 233.9 76.3 30.21 2.57 0.92 Sdt 428 19.9 18.6 

AM W3 0.62 195.7 229.5 53.5 21 .85 2.12 0.67 Bt 102 19.9 19.8 

AM W4 1.00 191.4 239.7 78.0 31.09 2.83 0.99 Bt 208 19.9 19.8 

AM WS 1.04 195.7 225.0 74.6 29.71 3.00 0.99 Bt 305 19.9 19.8 

AM W6 1.02 192.2 233.9 78.9 31 .45 2.99 1.02 Bt 310 19.9 19.8 

AM W7 1.41 189.4 233.1 107.8 43.90 4.27 1.46 Be 485 19.9 19.8 

AM W8 2.31 197.0 226.2 145.4 58.39 5.79 2.03 Be 467 19.9 19.8 

AM W1 0.66 194.7 216.8 51 .3 21.11 2.31 0.69 Bt+Sdt 0 19.9 19.8 

AM W2 0.70 187.1 213.5 52.8 20.83 2.44 0.75 Sdt 0 19.9 19.8 

Table 2.4a Summary of Test Results, Withey 1933 



Beam Beam Failure Stirrup Mortar Pier 

Type Ref p b d vmex Mm"" Mmex/bd2 v...., Mode Ratio Strength Strength 

(%) (mm) (mm) (kN) (kNm) (Njmm~ (Njmm~ (%) (Njmm~ (Njmm~ 

RM S1 0.66 202.3 210.5 49.5 19.38 2.16 0.68 Bt 0 19.9 14.4 

RM $2 0.66 200.6 212.8 58.0 23.00 2.53 0.79 Bt 0 19.9 14.4 

RM S3 1.15 202.1 214.3 71 .3 28.37 3.06 1.01 Bt 0 19.9 14.4 

RM S4 1.29 205.9 234.9 109.7 43.98 3.87 1.40 Bt 446 19.9 14.4 

RM ss 1.06 203.4 230.6 75.8 30.18 2.79 0.98 Bt 293 19.9 14.4 

AM ss 1.03 205.1 235.4 81.2 32.35 2.85 1.02 Bt 194 19.9 14.4 

RM $8 1.30 202.1 236.4 117.3 47.07 4.17 1.51 Bt 295 19.9 14.4 

RM S7 2.22 199.0 233.1 120.4 48.32 4.47 1.68 Sdt 462 19.9 14.4 

Table 2.4b Summary of Test Results, Withey 1933 



Beam Beam p ajd b d vmax Mmax Mmax/bd2 vav Span 

Type ref (%) (mm) (mm) (kN) (kNm) (Njmm~ (Nj mm2) (mm) 

RM B1 0.52 2.45 228.8 249.1 40.4 25.1 1.77 0.76 1830 

RM B2 0.52 2:53 228.8 241 .5 41.4 25.4 1.9 0.83 1830 

RM 83 0.23 1.63 228.8 249.1 . 31 .5 13.0 0.92 0.62 1220 

RM B4 0.23 1.60 228.8 254.2 34.0 14.0 0.95 0.69 1220 

RM B6 0.52 2.53 228.8 241.5 34.5 21.5 1.61 0.69 1830 

RM B8 0.52 2.45 228.8 249.1 34.0 21 .3 1.50 0.69 1830 

RM B5 0.23 1.68 228.8 241 .5 18.5 7.7 0.58 0.41 1220 

RM 87 0.23 1.68 228.8 . 241.5 30.5 12.0 0.94 0.62 1220 

RM B9 0.27 1.87 330.5 325.4 55.4 34.0 0.99 0.55 1830 

RM 810 0.27 1.87 330.5 325.4 54.4 34.0 0.98 0.55 1830 

RM B11 0.12 1.29 330.5 315.2 43.9 18.0 0.56 0.41 1220 

RM 812 0.12 1.27 330.5 320.3 44.9 18.0 0.55 0.41 1220 

Table 2.5a Summary of Test Results, BRS 1938, Series 1 



Beam Beam p afd b d vmiiX M mu Mmufbd2 VIIY Span 

Type ref (%) (mm) (mm) (kN) (kNm) (N/mm~ (Njmm~ (mm) 

AM 2C3 0.92 2.50 228.8 246.0 40.5 25.3 1.83 0.83 1830 

RM 2C4 0.92 2.50 228.8 246.0 42.9 26.7 1.93 0.9 1830 

AM 2C1 0.92 1.65 228.8 246.0 52.9 21 .7 1.57 1.10 1220 

AM 2C2 0.92 1.65 228.8 246.0 62.9 25.8 1.86 1.31 1220 

AM 283 0.92 2.50 228.8 246.0 35 21.8 1.57 0.76 1830 

AM 284 0.92 2.50 228.8 246.0 36 22.4 1.62 0.76 1830 

RM 2B1 0.92 1.65 228.8 246.0 52.9 21 .7 1.57 1.10 1220 

AM 2B2 0.92 1.65 228.8 246.0 51.9 21 .4 1.55 1.10 1220 

AM 2A3 0.92 1.90 330.5 321 .5 95.4 59.1 1.73 1.04 1830 

AM 2A4 0.92 1.90 330.5 321 .5 99.9 61.8 1.81 1.10 1830 

AM 2A1 0.92 1.26 330.5 321 .5 122.4 50.2 1.47 1.31 1220 

AM 2A1 0.92 1.26 330.5 321 .5 145.3 59.3 1.74 1.59 1220 

RM 4C1 0.92 3.10 228.8 246.0 78.9 30.9 2.23 0.84 1525 

AM 4C2 0.92 3.10 228.8 246.0 84.9 32.9 2.38 0.90 1525 

Table 2.5b Summary of Test Results, BRS 193, Series 2A 



Beam Beam p ajd b d vrnax M mu Mmax/bd2 v«J Span 

Type Aef {%) (mm) (mm) (kN) (kNm) (Nfmrif} (N/mm~ ' (mm) 

AM 3C3 1.04 2.50 228.8 246.0 67.9 42.1 3.04 1.45 1830 

AM 3C4 1.04 2.50 228.8 246.0 75.4 46.6 3.37 1.59 . 1830 

AM 3C1 1.04 1.65 228.8 246.0 99.9 40.8 2.95 2.14 ' 1220 

AM 3C2 1.04 1.65 228.8 246.0 89.9 36.8 2.66 1.93 1220 

AM 363 0.92 2.50 228.8 246.0 65.4 40.5 2.93 1.38 1830 

RM 384 0.92 2.50 228.8 246.0 67.4 41.7 3.01 1.45 ' 1830 

RM 3B1 0.92 1.65 228.8 246.0 89.9 36.8 2.66 1.93 1220 

AM 3B2 0.92 1.65 228.8 246.0 98.9 36.9 2.67 2.14 1220 

AM 3A1 0.92 1.90 330.5 321.5 137.3 84.9 2.49 1.45 1830 

AM 3A2 0.92 1.90 330.5 321.5 164.3 101.1 2.96 1.79 1830 

AM 3A3 0.92 1.26 330.5 321.5 219.7 89.9 2.63 2.35 1220 

AM 3A4 0.92 1.26 330.5 321.5 237.7 97.1 2.84 2.55 1220 

Table 2.5c Summary of Test Results, BRS 1938, Series 2B 



Beam Beam p ajd b d vmax Mmax Mmax/bd2 v •• Failure 

Type Ref (%) (mm) (mm) (kN) (kNm) (Njmm~ (Njmm~ Mode 

RM 3 1.50 2.67 343.2 228.8 219.7 134.0 7.46 1.65 s 
RM 4 1.50 2.67 343.2 228.8 232.2 141.7 7.89 1.75 s 
RM 7 0.18 2.67 228.8 228.8 93.9 57.3 4.78 1.18 s 
RM 8 0.18 2.67 228.8 228.8 107.0 65.8 5.49 1.36 Be 

S • Shear; Be = Bending compression 

Table 2.6 Summary of Test Results, Hamman and Burridge 1939 



Beam Beam Failure Mode Mortar Pier 

Type Ref p ajd b d v, v2 vd vu, vu2 1 2 Strength Strength 

(%) (mm) (mm) (Njmm~ (Njmm~ (N/mm~ (Njmm~ (Njmm~ (Njmm~ (N/mm~ 

RM 1 0.24 1.0 215 300 1.04 >1.1 0.01 1.06 > 1.11 Ssl s 12.10 7.94 

RM 2 0.24 1.5 215 300 0.54 0.84 0.02 0.56 0.86 Ssl B 11 .65 

RM 3 0.24 2.0 215 300 0.39 0.63 0.02 0.40 0.65 Ssl Sti/ B 12.07 7.72 

RM 4 0.24 2.5 215 300 0.46 0.02 0.48 B 10.68 - - -
RM 5 0.24 3.0 215 300 0.35 0.35 0.02 0.36 0.36 Ssl Ssl 10.43 

RM 6 1.46 1.0 215 300 1.50 >1 .5 0.01 1.51 >1.51 Ssl Ssl 11 .33 11.00 

RM 7 1.46 1.5 215 300 o.n 0.93 0.02 0.79 0.94 Ssl Ssl 9.27 

RM 8 1.46 2.0 215 300 0.58 0.67 0.02 0.60 0.68 Ssl Ssl 12.10 

RM 9 1.46 2.5 215 300 0.42 0.54 0.02 0.44 0.56 Ssu Ssl 11 .10 10.98 

RM 10 1.46 3.0 215 300 0.47 0.47 0.02 0.49 0.49 Ssu Ssl 13.80 

RM 11 1.46 4.0 215 300 0.39 >0.40 0.02 0.41 0.43 Ssu Ssu 12.94 

RM 12 1.46 5.0 215 300 0.31 0.39 0.02 0.33 0.42 Ssu ' Ssu 13.06 
.. 

Table 2.7 Summary of Test Results, Suter and Hendry, 1975 



Beam Beam Failure Mode Mortar Grout Pier 

Type Aef p af d b d v u1 v u2 2 Strength Strength Strength Span 

(%) (mm) (mm) (Njmm~ (Njmm~ (Nfmm~ (Njmm~ (Njmm~ (mm) 

AM 1.49 1.0 95 273 1.70 2.13 Ssl Ssl 18.58 28.n 1156 

AM 2 1.49 1.5 95 273 1.19 1.49 Ssl Ssl 18.58 28.n 1429 

AM 3 1.49 2.0 95 273 0.93 0.97 Ssl Ssl 18.05 36.31 1702 

AM 4 1.49 3.0 95 273 0.80 1.03 Ssu Ssl 11.74 34.15 2248 

AM 5 1.49 4.0 95 273 0.56 0.61 Ssu Ssu 13.91 33.37 2794 

AM 6 1.49 5.0 95 273 0.44 0.47 Ssu Ssu 14.29 31 .97 3340 

AM 13 1.49 6.0 95 273 0.41 0.46 Ssu Ssu 9.17 34.54 3886 

AM 15 1.49 7.0 95 273 0.32 0.37 Ssu Ssu 13.53 32.49 4432 

GAM 7 1.41 1.0 305 273 2.68 >2.95 Ssl 18.58 28.82 28.77 1156 

GAM 8 1.41 1.5 305 273 2.51 2.75 Ssl Ssl 18.58 28.82 28.77 1429 

GAM 9 1.41 2.0 305 273 1.54 1.85 Ssl Ssl 18.05 26.22 36.31 1702 

GAM 10 1.41 3.0 305 273 0.86 0.91 Ssl Ssl 11.74 17.46 34.15 2248 

GAM 11 1.41 4.0 305 273 0.71 0.78 Ssu Ssu 13.91 24.37 33.97 2794 

GAM 12 1.41 5.0 305 273 0.65 >0.65 Ssu 14.29 28.56 31.97 3340 

GAM 14 1.41 6.0 305 273 0.57 0.62 Ssu Ssu 9.17 31 .54 34.54 3886 

GAM 16 1.41 7.0 305 273 0.65 0.69 Ssu Ssu 13.53 34.22 32.49 4432 

Table 2.8a Summary of Test Results, Suter and KeUer 1976 



Beam Beam Failure Mode Mortar Grout Pier 

· rype Ref p aj d b d vu1 vu2 2 strength Strength Strength Span 

(%) (mm) ·(mm) (Njmm~ (Njmm~ (N/mm~ (N/mm~ (N/mm~ (mm) 

RC 1.41 1.0 

RC 1.41 1.5 

RC 1.41 2.0 

RC 1.41 3.0 

RC 1.41 4.0 

RC 1.41 5.0 

RC 1.41 6.0 
RC 1.41 7.0 

Table 2.8b Summary of Test Results, Suter and KeDer 1976 



Beam Beam Failure Mortar Grout Pier 

Type Ref p ajd b d v, vd V._ Mode Strength Strength Strength 

(%) (mm) (mm) (Njmm~ (Njmm~ (Njmm~ (N/mm~ (Njmm~ (Njmm~ 

GRM 1 0.88 2 660 138 1.45 Ssu 23.0 15.2 33.90 

GRM 2 0.88 2 660 138 1.94 0.03 1.79 Ssuj B 29.7 27.0 

GRM 3 0.88 2 660 138 1.90 Ssuj B 26.7 19.8 

GRM 4 0.88 3 660 138 1.23 Ssuj B 29.7 23.0 

GRM 5 0.88 3 660 138 0.91 0.04 1.18 Ssu 31 .0 18.0 

GRM 6 0.88 3 660 138 1.28 SsujB 31.8 16.6 

GRM 7 0.88 4 660 138 0.86 Ssu 27.9 22.4 

GRM 8 0.88 4 660 138 0.73 0 .04 0.82 Ssu 27.3 23.5 

GRM 9 0.88 4 660 138 0.74 Ssu 28.4 28.2 

GRM 10 0.88 5 660 138 0.38 Ssu 32.9 22.3 

GRM 11 · 0.88 5 660 138 0.56 0.05 0.46 Ssu ' 28.9 19.2 

GRM 12 0.88 5 660. 138 0.29 Ssu 29.2 14.0 

Table 2.9 Summary of Test Results, Sinha and Foster 1978 



Beam Beam Failure Mortar Grout Pier 

Type Ref p ajd b d vrn&l( Mmax Mrn&l(/bd2 Mode Strength Strength Strength Span 

(%) (mm) (mm) (kN) (kNm) (Njmm~ (Njmm~ (Njmm~ (mm) 

GRM 1 0.33 2.94 328 422 104 129 2.21 Sdt 26 35 25.0 3680 

GRM 2 0.33 2.94 328 422 60 74.4 1.27 Ssu 20 27 25.0 3680 

GRM 3 0.50 2.94 328 422 134 166.2 2.29 Sdt 20 27 25.0 3680 

Table 2.10 Summary of Test Results, Garwood and Tomlinson 1980 



Beam Beam Mmax Failure Mortar Grout Pier 
Type Ref p aj d b d vmax Mm.,. bd2 Mode strength strength strength 

(%) (mm) (mm) (kN) (kNm) (Nfmm~ (Njmm~ (Nfmm~ (N/mm~ 

GRM 1.1 .1 0.91 5.9 295 387 62.51 143.1 3.24 Sdt 21.4 17.4 10.6 

GRM 1.1 .2 0.91 5.9 295 387 62.98 144.2 3.26 Sdt 21 .4 18.3 11 .9 

GRM 1.2,1 1.47 5.9 295 384 73.86 169.1 3.83 Sdt 22.9 18.5 14.3 

GRM 1.2.2 1.47 5.9 295 384 78.82 180.5 ' 4.09 Sdt 22.9 19.1 14.3 

GRM 2.1'.1 0.91 5.9 295 387 60.07 137.6 3.11 Sdt 19.2 21 .1 22.4 

GRM 2.tt2 0.91 5.9 295 387 63.39 145.2 3.29 Sdt 22.2 18.9 22.5 

GRM 2.2.1 1.47 5.9 295 384 66.39 152.0 3.44 Sdt 19.5 18.5 24.3 
GRM 2.2.2 1.47 5.9 295 384 62.72 143.6 3.25 Sdt 21.5 16.9 22.5 

Table 2.11 Summary of Test Results, Osman and Hendry 1982 



ENGLISH FLEMISH UOPQUETTA 
BOND BOND STYLE BOND 

Ceramic/Grout 
Ratio Plan 3.91:1 2.57:1 1.67:1 

Number of Snap 
Headers per 4 0 0 

900mm 

Spacing of 
Shear Voids 225 163 or 167 169 

mm 

Table 3.1 -Ceramic/grout Ratios of Different Brickwork Bonds 



I 
"'! 
I 

Brick Beam Type Bed Joint Grouted 
and Reinforcement Cavity UOP Quetta 
Specification Value Beam Style Beam 

Aesthetically pleasing 

., 

t 
J--

elevation 3 3 3 

Aesthetically pleasing soffit 
3 1 3 

Wide range of bonds 3 3 1 

Homogeneous interaction 
through cross section 0 1 3 

Blend into adjacent 
brickwork 3 3 3 

Easy soffit construction 3 1 3 

Easily adapted for wall 2 3 2 
widths 

Maximum use of 3 1 2 
brickwork 

Minimum grout required N/A 2 3 

Accommodate shear 
reinforcement 0 3 3 

Optimise shear capacity 0 3 3 

High flexural strength 
(Relative) 1 3 3 
Accept wide range o"r bar 
size 1 3 3 

Resistance to corrosion of 
mild steel reinforcement 1 3 3 

TOTAL 23 31 38 

Table 3.2 - Scorecard 

Scoring is based on decreasing weightings of 3, 2, 1 and zero. 



Perforations Comp Water Initial 
Strength Absorption Suction 

Brick Rate 
Type %of 

Number brick N/mm2 % kglm2/min 
bed face 

1 10 14 38.2 10.6 1.032 

2 3 10 32.0 13.5 0.758 

3 14 13 107.9 5.2 0.249 

Table 4.1 -Brick properties 

Sieve Mass Percentage 
Size Retained Passing BS 1200 
mm g % Limits 

10 0 100 100 
5 31 98 100 

2.36 273 80 90-100 
1.18 453 51 70-100 

0.600 363 27 40-80 
0.300 206 14 5-40 
0.150 122 6 0-10 
pan 94 0 

Table 4.2 - Sand grading 

Brick Type 1 2 3 

fmx (N/rnm.t) 38.2 32.0 107.9 
fmy (N/rnm2

) 11.5 7.3 9.3 
fm (N/rnm2

) 25.2 8.8 14.2 
EinitiaJ (kN/mm2

) 18.04 5.7 18.66 
Esecant(kN/mm2

) 12.65 4.48 14.66 

Table 4.3- Compressive strength and moduli of elasticity of 
UOP Quetta Style Beam prisms 



Modulus 
Steel Bar Load at Load at Yield Ultimate of 
Type Diameter Yield Failure:~t Stress Stress Elastici'J 

mm kN kN N/mm2 N/mm2 kN/mm 
HT 25 230.3 300.76 46Y..Z 612.7 197.7 

HT 20 146.2 183.7 465.4 584.7 201.2 

HT 16 95.7 118.08 476.2 587.3 195.4 

MS 8 14.6 20.4 290.5 405 .8 242.4 

MS 6 10.9 14.4 385 .5 509.3 227.4 

* Based on nominal bar area, no allowance has been made for necking 

Table 4.4 - Mean Reinforcement Properties 

! 
; 



Brick Brick Bwk Prism Prism Prsm 
Type" Bed bed fk Stretcher Header Hdr"" +Str"" 

20.1/16h 64.7 18.1 5.2 7.5 

14.4123h 49.4 14.9 12.2 14.5 

12.218h 49.1 14.8 17.6 19.7 

Solid 43.5 13.4 11.7 10.2 

6.2/frog 33.7 11 14.4 13.2 

8.6/frog 31.7 10.4 17.8 16.6 

18.llfrog 25.4 8.7 5.3 5.3 

9.7/3h 22.7 8 5.4 8.2 
Notes * Br1ck type - peroratwns % and number of holes 
Reference 
6A -61 Davies and Hodgkinson,Ed [92] 

Table 5.1a 
Compressive strengths N/mm1 

9.7 

13.3 

12.5 

11.7 

11.5 

17 

6 

7.6 

Design= 
fk/6 

3 

2.5 

2.5 

2.2 

1.8 

1.7 

1.4 

1.3 

Brick units on bed, brickwork r._ on bed, prism tests and p rism design strengths 
Refer Figure 5.1 

Ref 

1 

2 

3 

4 

5 

6t 

7 

Brick type Codefk Prism Prism/2 

14 bole 24 22.5 11.25 

20.1 (16 hole) 18.1 9.7 4 .85 

14.4 (23 hole) 14.9 13.3 6 .65 

12.2 (8 hole) 14.8 12.5 6.25 

(10 hole) 12.2 21.2 10.6 

(3 bole) 10.5 8 4 

9.7 (3hole) 8.7 7.6 3.8 
Reference 
6 Davies and Hodgkinson,Ed [92] 
9 UOP internal report 

Table 5.lb Compressive strengths N/mm2 

Brickwork r .. on bed, 
prism tests and prism design strengths 

Refer Figure 5.2 

fk/6 

4 

3 

2.5 

2.5 

2 

1.7 

1.3 

Series/ref 

1-6A 

2~ 

3-6H 

4-{ill 

5-6C 

6-6D 

7-6B 

8-6F 

Ref 

9Ann 

6A 

6I 

6H 

9Wb 

9Cot 

6F 



Flexural tensile strength N/mm2 
Normal to bed 

Mortar Statistic joint Parallel to bed joint 
Stack prism 

3 course 4 course 
specimen specimen 

1:2:9 Mean (CofV %) 0.39(23 .3) 2.08(20.6) 1. 78(26.1) 

1:1:6 Mean (CofV %) 0.594(22.9) 2.40(15.5) 2.03(18.5) 

1:114:3 Mean (CofV %) 0.984(25.5) 2.74(18.0) 2.29(16.5) 
Reforence : James [79] 

Table 5.2 Flexural tensile strengths of prisms 

Brick type 
Test 

A B D 
Solid 23 Hole Solid 

Compression 
Strength 
fbN/mm2 

96.9** 61.1 18.3 

EkN/mm2 25.4 35.7 10.1 

Relative E value 
N/mm2 2626, 584fb 5526, 

REFERENCE: Riddington and Jukes [82] **Half brick samples 

Table 5.3 Brick properties 



Brick compressive 

Researcher Brick type strength fb Relative E value 

N/mm2 N/mm2 

Riddington 23 hole 61.1 262 fb 

and Jukes [82] 
Powell and 16 hole 69.6 262 fb 

Hodgkinson [37] 

Table 5.4 Comparison of brick properties 

Modulus Non-dimensional Non-dimensional 
Measured Modulus of Elasticity Poissons Ratio 

Between bedding planes 1.0 1.0 
(compression) 

Between stretcher planes 0.82 0.68 
(tension) 

Between header planes 0.63 0.54 
(tension) 

Reference Shrive and Jessop [85] 

Table 5.5 Relative brick properties 



Shear span/depth 
Beam Failure ratio 

category mode as a measure 
of slenderness 

Slender 
(greater than 60b or 
250b, whichever is Flexure Exceeds 5.5 

the lesser) 

Intermediate Diagonal 2.5-5.5 
Tension 

Deep Shear 
(Span/d ~5) compressiOn 1-2.5 

Reference Nawy{89} 

Table 5.6 Shear failure modes 



Element Property Value 

Brick loaded on Elastic Modulus kN/mm2 4.7 

header Poisson's Ratio 0.3 

Brick loaded on Elastic Modulus kN/mm2 2.9 

stretcher Poisson's Ratio 0.3 

Grouted core Elastic Modulus kN/m.m2 25.6 

Poisson's Ratio 0.3 

Reinforced Elastic Modulus kN/mm2 25.6 

concrete beam Poisson's Ratio 0.3 

Table 6.1 Analytical half-model UOP Quetta Style Beam 
material properties for Lusas analysis 

Nodes 
XandY 0 

4 6.10 
3 3.70 
2 0.22 
1 -2.61 
0 -4.69 

Bending stresses N/mm2 

1 2 3 4 5 
4.45 10.14 13.94 11 .31 3.99 
2.62 6.08 7.53 5.48 2.55 
0.02 0.66 1.84 0.78 0.39 
-1.93 -6.31 -10.51 -6.43 -1.97 
-4.23 -4.27 -4.34 -4.24 -4.22 

Legend: Compressive stresses are shown as positive values 
Tensile stresses are shown as negative values 

Refer Figures 6.1 3a- g for plots of stress diagrams 

6 
6.39 
3.19 
0.29 
-2.58 
-4.70 

Table 6.2 Bending stresses at the nodes shown in Figure 6.12 



Brick 

Span mm 2000 

bmm 327.50 

d mm 192 

<!) mm? 16 

n 2 

Ast mm2 402 

p 0.006 

PcbN/mm2 25.20 

fy N/mm2 476.2 

Et,ik:N/mm2 18.04 

Esk:N/mm2 195.4 

m 10.83 

Type 1 Type2 

3000 4000 2000 3000 4000 

327.50 327.50 327.50 327.50 327.50 

190 187.50 192 190 187.50 

20 25 16 20 25 

2 2 2 2 2 

628 982 402 628 982 

0.010 0.016 0.006 0.010 0.016 

2520 25.20 8.80 8.80 8.80 

465.4 469.2 476.2 465.4 469.2 

18.04 18.04 5.70 5.70 5.70 

201.20 197.7 195.4 201.70 197.7 

11.2 11.0 34.3 35.3 34.7 

Table 7.1a Basic data for predictions using elastic analysis 
( Brickwork prism strength and initial modulus) 

Type3 

2000 3000 4000 

327.50 327.50 327.50 

192 190 187.50 

16 20 25 

2 2 2 

402 628 982 

0.006 0.010 0.016 

14.20 14.20 14.20 

476.2 465.4 469.2 

18.66 18.66 18.66 

195.4 201.20 197.7 

10.5 10.8 10.6 



Brick Type 1 Type2 Type3 

Beam span mm 2000 3000 4000 2000 3000 4000 2000 3000 4000 

de mm 59.1 71.3 83 .0 91.4 106 119 58.2 70.4 82.0 

z mm 172 166 160 162 155 148 173 167 160 

loock x 106 mm4 22.5 40.0 62.3 83 .3 132 185 21.6 38.0 60.1 

I 6 4 steel x 10 mm 76.0 99.0 118 138 156 160 74.4 97.2 117 

I beam x 106 mm4 98.5 138 181 221 287 345 95.9 135 177 

Mst kNm 32.8 48.5 73 .8 30.7 44.8 68.2 32.9 48.8 73 .8 

Mbc k:Nm 42.0 49 54.9 21.3 23 .7 25.4 23.4 27.2 30.5 

Wst kN 49.3 48.5 55.4 46.1 44.8 51.2 49.4 48.8 55.4 

Wbck.N 63 .0 49 41.6 32 23 .7 19.0 35.1 27.3 22.9 

Table 7.1b Predictions using elastic analysis 



Brick 

Span mm 2000 

bmm 327.50 

d mm 192 

<I> mm2 16 

n 2 

A&mm2 402 

fkN/mm2 25.20 

fy N/mm2 476.2 

EbskN/mm2 12.65 

E.kN/mm2 195.4 

m 15.4 

Type 1 Type2 

3000 4000 2000 3000 4000 

327.50 327.50 327.50 327.50 327.50 

190 187.50 192 190 187.50 

20 25 16 20 25 

2 2 2 2 2 

628 982 402 628 982 

25.20 25.20 8.80 8.80 8.80 

465.4 469.2 476.2 465.4 469.2 

12.65 12.65 4.48 4.48 4.48 

201.2 197.7 195.4 201.2 197.7 

15.9 15.6 43.3 44.9 44.1 

Table 7 .2a Basic data for predictions using limit state analysis 
(Brickwork prism strength and secant modulus) 

Type3 

2000 3000 4000 

327.50 327.50 327.50 

192 190 187.50 

16 20 25 

2 2 2 

402 628 982 

14.20 14.20 14.20 

476.2 465.4 469.2 

14.66 14.66 14.66 

195.4 201.2 197.7 

13.1 13.7 13.5 



Brick 

Beam span mm 

de mm 

z mm 

I beam x 106 mm4 

Mst kNm 

~ckNm 

Wst kN 

Wbc kN 

Type 1 Type2 

2000 3000 4000 2000 3000 4000 

24 36 55 66 101 159 

180 172 160 159 130 108 

177 242 290 243 338 476 

34.4 50.2 73 .8 30.4 40.6 49.8 

35 .7 51. 1 72.6 30.2 40.5 49.5 

51.6 50.2 55.4 45.6 40.6 37.4 

53 .6 51.1 54.5 40.5 40.5 37.1 

Table 7.2b Predictions using modified BS 5628 Part 2 equations 
(Materia/factors Ymb = Yms = 1.0) 

Type 3 

2000 3000 4000 

41 63 100 

171.5 159 137 

100 166 212 

32.8 46.3 64 

32.7 46.6 63 .7 

49.2 46.3 48 

49.1 46.6 47.8 



Brick 

Beam span mm 

de mm 

z mm 

I beam x 106 mm4 

~kNm 

~kNm 

WakN 

Wbk:N 

Type 1 Type2 

2000 3000 4000 2000 3000 4000 2000 

30.9 47.1 74.5 88.4 115 127 54.7 

179 170 156 155 142 135 169 

202 218 241 263 333 385 117 

34.2 49.7 72.1 29.6 39.0 * 32.3 

69.3 78.7 86.2 32.5 35.3 36.9 46.5 

51.3 49.7 54.1 44.4 39.0 * 48.5 

104 78.7 64.8 48.7 35.3 36.9 69.7 

Table 7.2c Predictions using limit state analysis considering ductile/brittle failure 
(Materia/factors Ymb = Yms = 1.0) 

*Feasible solution not possible due to high value of de 

Type3 

3000 4000 

85.6 112 

154 132 

165 228 

45.1 61.0 

51.5 55 

45.1 45.8 

51.5 41.3 



Brick 

Beam span mm 

de mm 

z mm 

Me=MbkNm 

Ws= Wb kN 

Type 1 Type2 

2000 3000 4000 2000 3000 4000 2000 

40 62 97 116 NIA NIA 145 

172 159 139 134 NIA NIA 94 

28.5 40.5 55.6 22.3 NIA NIA 26.0 

42.8 40.5 43 33.6 NIA NIA 39 

Table 7 .2d Predictions using the design equations from BS 5628 Part 2 
(Prism brickwork strengths and material factors Ymb = 2. 0 Ym.s = 1.15) 

NIA - values for the depth of the neutral axis obtained from the calculations were not acceptable. 

Type3 

3000 4000 

144 101 

118 173 

34.4 40.5 

34.4 30.3 



Method of 
analysis Brick Type 1 Brick Type 2 Brick Type 3 

(Table No.) 

Beam span mm 2000 3000 4000 2000 3000 4000 2000 3000 4000 

Elastic (7 .1 b) 59.3 71.4 83.1 91.8 106 119 58.6 70 82 

ModifiedBS 
5628 24 36 55 66 101 159 41 63 100 

Yms = "fmm =1.0 
(7.2b) 

Ductile/brittle 
31 47 75 88 115 127 55 86 112 (7.2c) 

BS 5628 
Factored 

40 62 97 116 176 279 145 144 101 
(7.2d) 

Experimental 
values16c 90 87 85 - 106 - 75 82 90 
Grade 1 

Experimental 80 
6No 

119 94 
111 

105 78 
values Grade - - 3No 

Rejected 
2 No 4No 1 No 2 No 

2-4 Rejected Rejected Rejected rejected Rejected 

Table 7.3 Comparisons of predicted and experimental neutral axis depths 



Brick Type 1 
Beam 
series 1 2 

Span mm 
2000 77.5 99.4 

3000 90 95.3 

4000 85.4 R · 
(92.0) . 

2000 101.5 92.3 

3000 75.4 75.4 

4000 67.5 R 
(71:5) 

3 

91.4 

97.3 

93.4 

90.8 

115.2 

R 
(105.2) 

Type2 Type 3 

1 2 3 1 2 
Reinforced in shear 

R R R 59.6 93.4 
(-) (133) (141) 
R 97.3 119 71.5 65.5 

(162) 
85.4 R R R 79.5 

(135) (71.5) 
(119 

Unreinforced in shear 

R R R 93.4 65.5 
(?O) 

(l87 
(321127) 

R 103.3 119 R 99.3 
'(-) (20) 
R 103.3 R 59.6 90 

(107) (lll) 

Table 7.4 Comparison of neutral axis positions 
(Depth in mm from top ofthe beam) 

3 

111 

90 

95.3 

63.6 

105 

R 
(20) 

R ( )-Strain diagrams contain irregularities in the shape of the curves 

Type 1 Type2 Type3 

All All All 

78.8 93.4 101.2 

80.8 88 102.1 

85.4 79.5 94.4 

97.5 78.9 77.2 

88.6 92.7 99.8 

63.6 90 (-)R 



Brick Type 1,2 and 3 

Span mm 2000 3000 4000 
bmm 327.5 327.5 327.5 

db mm 192 190 187.5 

~mm:l 402 628 982 

p 0.0064 0.00101 0.016 

Asvmm:l 56.55 56.55 56.55 

f yvN/mm:l 385.5 385.5 385.5 

Sv mm 168.8 168.8 168.8 

Ymv 2.0 2.0 2.0 

Yms 1.0 1.0 1.0 

a mm 667 1000 1333 

aid 3.47 5.26 7.1 

Di 1.63 1.19 19.3 

fvu N/mm:L 0.753 0.63 0.63 

VUE kN 17.6 17.4 17.2 

VRE kN 42.4 41.9 41.4 

VUL kN 23.7 19.6 19.3 

VRL kN 48.5 44.1 43 .5 

Table 7.5 Predictions of Elastic and Ultimate Shear Strengths 
for Unreinforced and Reinforced beams 



Series Brick Type 1 Brick Type 2 Brick Type 3 

Beam span. mu 2000 3000 4000 2000 3000 4000 2000 3000 4000 

110 40.9 s 38.9 BtiS ** • • • 39.9 s • s •• 
111 40.9 s 38.9 Bt 37.5 Bt • • •• 37.7 s 36.6 s • 
21/0 36.8 s 41.4 s • s • 39.1 s •• 37.7 s 32.2 s 46 s 
2/ 1 44.5 s 50.6 Be • • 43.7 s • 40.6 s 47.2 s •• 
3/0 36.8 s 44.8 s • • •• • 39.9 ? •• * 
3/1 46 s 59.8 s 61.3 Be * 46 Be * ** 46 s ** 
Ave 41 46.7 49.4 - 42.9 - 39.2 40.5 46 

Table 7.6a Comparison of Experimental BMs (kNm) - Grade 1 Beams 

110 Series 1 unreinforced I l l Series 1 reinforced 
* Strain readings rejected S Shear failure 

** Beams Grade 2-4 B, Tensile bendingfailure 
Be Compression bendingfailure 



Series Brick Type I Brick Type 2 Brick Type 3 

Beam span mrr 2000 3000 4000 2000 3000 4000 2000 3000 4000 

1/0 • • • • 39.1 Bt • * * * * • * * * • • 40.6 Bt 

Ill • • • • * * • * * * * Bt * • * * • • 
2//0 • * * * * * * * * * 39.9 Be * * * * * * 
2/1 * * • * * * * * * * • * * * * * 47.6 Be 

3/0 "' • • * * * * * 40.3 Be • * • * 32.2 s • • 
3/1 * * • * * * * * * * * * 36.8 s * * 49.1 ? 

Ave * * • * * • * * * * * * * • * • • * 

Table 7.6b Comparison of Experimental BMs (kNm)- Grade 2-4 Beams 

110 Series 1 unreinforced Il l Series 1 reinforced 
• Strain readings rejected 



Table 
No. 

7.1b 

7.1b 

7.2b 

7.2b 

7.2e 

7.2c 

7.2c 

7.6a 

7.6b 

Method Brick Type 1 Brick Type 2 

of 
beam analysis 

Beam span mm Beam span mm 

2000 3000 4000 2000 3000 4000 

Elastic M. 32.8 48.5 73.8 30.7 44.8 68.2 

Elastic Mo 42.0 49 54.9 21.3 
23.7 25.4 

Limit state M. 40.6 49.8 

'Ymb = Ymr. = 1.0 
34.4 50.2 73.8 30.4 

Limit state Mo 40.5 44.5 

'Ymb = Ymr. = 1.0 
35.7 51.1 72.6 30.2 

Factored BS 5628 M 25.9 • 
'Ymb= 2.0 y .... = 1.15 

28.5 40.3 35.7 23.4 

Ductile M. - • 
'Ymb = 'Yma = 1.0 

34.2 49.7 51.3 29.6 

Brittle Mo 35.3 36.9 

'Ymb = 'Yrm = 1.0 - - - -

Ex-perimental G1 41 46.7 49.4 36 
42.9 -

Experimental G2 - G4 39.1 
40.3 36.7 - - -

Factored BS 5628 M, 8.3 8.0 
using f ~c /3 

9.9 9.7 9.4 8.5 
Ymb = 2.0 Yma = 1.15 

Table 7. 7 Comparison of all bending moments (kNm) ~lastic, ultimate and experimental 
~alculation showed neutral axis depth to be greater than 'd'. 

Refer Figures 7. 13a -c 

Brick Type 3 

Beam span mm 

2000 3000 4000 

32.9 48.8 73.8 

23.4 27.2 30.5 

32.8 46.3 64.0 

32.7 46.3 63.7 

25.9 34.3 40.5 

32.3 45.1 -

- - 55 

39.2 40.5 
46 

36.8 32.2 49.1 

19.3 18.9 18.4 



Brick Type 1 2 3 

Brick Span mm 2000 3000 4000 2000 3000 4000 2000 3000 4000 
Unit Weight 23.7 23.7 23.7 22.3 22.3 22.3 25.4 25.4 25.4 

kN/m3 

~ 18 .. 04 18.04 18.04 5.7 5.7 5.7 18.66 18.66 18.66 
kN/mm2 

Mmax 1.125 2.53 4.5 1.06 2.38 4.23 1.21 2.71 4.82 
kNm 

V 0.024 0.036 0.048 0.23 0.34 0.045 0.026 0.039 0.051 
N/mm2 

fbc = fbt 0.25 0.56 1.00 0.24 0.53 0.94 0.27 0.60 1.07 
N/mm2 

Ebc=Ebt 14 32 56 41 92 165 15 32 57 
X 10-6 
T=C 5.9 13 24 5.6 12 22.6 6.3 13.9 25.7 

.kN 

Table 7.8 Calculation of self weight effects 



Method Brick Type 1 Brick Type 2 
of 

Beam span mm Beam span mm 
beam analysis 

of MOR 2000 3000 4000 2000 3000 4000 

Elastic 
99.5 139 180 224 319 345 

Limit state 
177 242 290 243 

338 476 

Factored BS 5628 
150 185 226 244 

* * 
164 218 241 263 - -

Ductile -tension 

Brittle-compression - - - - 333 385 

Table 7.9 Comparison of second moments of area I cm4 x 106 

Elastic calculations based on initial modulus and other ana/yes based on secant modulus 

Brick Type 3 

Beam span mm 

2000 3000 4000 

79.2 136 177 

100 166 
212 

99 200 * 

117 165 -

228 - -



u 
1 2 4 5 6 7 9 14 15 16 17 

pcb / fb 
Graph Beam Expt Mode d de Expt fk from fb from Brick 

No Ref BM of From beam expt expt strain 
failure Strain Tex Tex Tex from 

graph at Triangle Rectangle Tex 
failure E initial 

kNm mm mm kN N/mm2 N/mm2 N/mm2 x10-6 
Grade 

2 
34 1/241 28.1 Bt 187.5 85.4 247 8.8 16.9'" 10.6 

27 3/230 40.3 Be 190 119 287 8.8 23.8'" 8.8 

42 3/321 55.2 s 192 111 237 14.2 13 697 
45 3/330 32.2 s 190 105 208 14.2 12.1 648 
54 3/341 36.8 s 187.5 95.3 382 14.2 20.2'" 12.8 

Grade 
3 
13 1/140 29.3 Bt 187.5 67.5 237 25.2 21 .4 1186 

18 3/141 46 Be 187.5 93.4 392 25.2 25.6 1419 

Grade 
4 

49 1/340 40.6 Bt 187.5 59.6 250 14.2 26.3'" 15.4 

32 2/240 39.9 Be 187.5 103.3 270 8.8 17.4'" 9.8 

53 2/341 47.6 Be 187.5 79.5 308 14.2 24.7'" 17.5 

Table 7.10d- Analyses of Tensile and Compressive Behaviour of Beams using the Experimental Results 
-Beams Grade 2 to 4 (Contd) 

18 19 

Brick Brick 
strain strain 
from from 
Tex expt 

E secant graphs 
X 10-6 x10-6 

2366 950 

1964 1900 

1300 
1250 

873 1300 

1300 

1600 

1050 750 

2188 1400 
1194 1200 



1 2 3 4 5 
Graph Beam Expt Expt Mode 

No Ref Load BM of 
failure 

kN kNm 
Grade 2 

14 2/140 Reject s 
15 ... 3/1 40 Reject s 

Grade 3 
17 2/141 Reject Be 
35 2/241 Reject Be 
36 - 3/241 Reject Be 

51 3/340 Reject s 

Grade 
Grade 4 4 

28 1/231 Reject Bt 
31 1/240 Reject Bt 
52 ~ 1/341 Reject Bt 

33 3/240 Reject Be 

19 1/220 Reject 5 
20 2/220 Reject s 
21 3/220 Reject s 
22 1/221 Reject s 
23 2/221 Reject s 
24 3/221 Reject s 
25 1 /~0 Reject s 
43 - 1/330 Reject s 

Table 7.10e - Analyses of Compressive and Tensile Behaviour of Beams 
using the Experimental Results - Beams Grade 2 to 4 



Graph Beam Mode p cblfk fb Tex- Tey 

1 
4 
7 

10 
16 
2 
5 
8 

11 
3 
6 
9 

12 

26 
29 
30 

37 
40 
46 
38 
41 
44 
47 
50 
39 
48 

Prism Experimental 
N/mm2 N/mm2 

1/120 s 25.2 15.6 
1/121 s 25.2 19.4 
1/130 Bt+S 25.2 19.1 
1/131 Bt 25.2 16.5 
1/141 Bt 25.2 16.9 
2/120 s 25.2 15.1 
2/121 s 25.2 17.2 
2/130 s 25.2 20.3 
2/131 Bt +Be 25.2 20.5 
3/120 s 25.2 15.3 
3/121 s 25.2 16.5 
3/130 s 25.2 21 .7 
3/131 s 25.2 23.8 

Ave 18.3 

2/230 s 8.8 9.4 
2/231 Be 8.8 11 .0 
3/231 Be 8.8 10.1 

Ave10.2 

11320 s 14.2 10.2 
1/321 Bt 14.2 13.9 
1/331 Bt 14.2 11 .7 
2/320 s 14.2 12.8 
2/321 s 14.2 10.4 
2/330 s 14.2 12.6 
2/331 s 14.2 16.2 
2/340 s 14.2 12.5 
3/320 s 14.2 13.9 
3/331 s 14.2 12.3 

Ave12.7 

Table 7 .!Of- Analysis of Compressive Stress relationship 
between calculated stresses from BM and prism tests. 

Comparison also with mode of failure and reserve force in tension zone 
Beams Grade 1 

kN 

68 
55 
-56 
-49 

-230 
37 
89 
-41 
28 
37 
56 
77 
88 

-26 
0 

36 

70 
35 
-64 
38 
74 
-87 
-2 

-159 
50 
10 



Method 
of 

Beam Analysis 2000 

I er initial X 106 mm4 
99.5 

I er .......m X 106 mm.4 
177 

W selected from 48 
Load/Deflection Graph 
y; calculated from W on 7.6 
Load/Deflection Graph 
y. caloulatod from W on 10.8 

Load/Deflection Graph 
y meen from all 7.3 

Load/Deflection Graphs 
69.0 

W nw< from beam tests 
Calculated yiii&Jt from 8.8 

tests 
Wmax from Table 7.7 63.0 

calcs 
Calculated y max using 8.0 

Table 7.7 tests 
Ymax from 12.8 

LoadnDeflectionGraphs 

Brick Type 1 Brick Type ' 2 
Beam Span mm Beam Span mm 

3000 4000 2000 3000 4000 2000 

139.2 180 224 319 345 79.2 

242 290 243 338 476 100 

32 18 21 28 14 48 

12.2 12.6 4.7 14.8 16.2 9.2 

17.4 18.0 5.9 18.8 20.6 11.7 

12.8 19 4.6 15.9 20.7 7.2 

59.8 46.0 52.0 46.0 29.9 60.9 

18.7 28.5 13.6 29.1 31.9 11.8 

50.2 55.4 46.0 44.8 51.2 49.4 

15.7 34.4 12.0 28.4 54.5 9.6 

19.0 30.0 12.0 28.0 29.5 13.5 

Table 7.11a Deflection calculations and comparisons 
y1 based on initial modulus 
Ys based on secant modulus 

Graphs refer to Experimental Load/deflection Plots 
Units: W kN y mm 

Refer Figure 8. 9 

Brick Type 3 Row 
Beam Span mm No. 

3000 4000 

136 177 1 

166 212 2 

28 23 3 

10.6 15.8 3 

13.5 20.1 5 

11.6 23 .2 6 

47.2 36.8 7 

18.6 26.9 8 

48.8 55.4 9 

18.0 40.5 10 

24.5 28.8 11 



Method 
OfBeam Analysis 

2000 

y; calculated from Won 7.6 
Load/Deflection Graph 
y. calculated from Won 10.8 
Load/Deflection Graph 

y mean from all 7.3 
Load/Deflection Graphs 

y max from all 12.8 
Load/Deflection Graphs 

Ymax calculated from Wmax 8.8 
experimental load 

y max calculated using 8.0 
Wmax &om Table 7.7 calcs 
yliW< calculated from BS 5.4 

5628 Part 2 
yliW< calculated from BS 1.8 
5628 Part 2, using fk /3 

Brick Type 1 Brick Type ' 2 
Beam Span mm Beam Span mm 

3000 4000 2000 3000 4000 

12.2 12.6 4.7 14.7 16.2 

17.4 18.0 5.9 18.8 20.6 

12.8 19.0 4.6 15.9 20.7 

19.0 30.0 12.0 28.0 29.5 

18.7 28.5 13 .6 29.1 31.9 

15.7 34.3 15.4 15.4 18.6 

15.7 34.4 4.7 14.0 21.6 

5.2 11.5 1.6 4.7 7 .2 

Table 7.11b Summary of Deflection calculations and comparisons 
y1 based on initial modulus 
y~ based on secan t modulus 

Graphs refer to Experimental Load/deflection Plots 
Units: W kN y mm 

Refer Figure 8. 10 

Brick Type 3 
Beam Span mm 

2000 3000 4000 Row 
No 

9.2 10.6 15.8 1 

11.7 13.5 20.1 2 

7.2 11.6 23 .2 3 

13.5 24.5 28.8 3 

11.8 18.6 26.9 5 

9 .6 18.0 40.5 6 

2.4 6 .3 11.6 7 

0.8 2.1 3 .5 8 



Beam w. 
Ref kN 
120 49.3 
130 48.5 
140 55.4 
121 49.3 
131 48.5 
141 55.4 
220 46.1 
230 44.8 
240 51.2 
221 46.1 
231 44.8 
241 5.2 
320 49.4 
330 48.8 
340 55.4 
321 49.4 
331 48.8 
341 55.4 

Elastic analysis Ultimate limit state analysis 

wb V Failure Failure Ws wb V 
kN kN Load Mode kN kN kN 

63 .0 17.6 17.6 s 51.3 104.0 23.7 
49.0 17.4 17.4 s 49.7 78.7 19.6 
41.6 17.2 17.2 s 54.1 64.8 19.3 
63 .0 42.4 42.4 s 51.3 104.0 48.5 
49.0 41.9 41.9 s 49.7 78.7 44.1 
41.6 41.4 41.4 s 54.1 64.8 43.5 
32.0 17.6 17.6 s 44.4 48.7 23.7 
23 .7 17.4 17.4 s 39.0 35.3 19.6 
19.0 17.2 17.2 s * 56.9 19.3 
32.0 42.4 32.0 Be 44.4 48.7 48.5 
23.7 41.9 23.7 Be 39.0 35.3 44.1 
19.0 41.4 19.0 Be * 36.9 43 .5 
35.1 17.6 17.6 s 48.5 69.7 23.7 
27.3 17.4 17.4 s 45.1 51.5 19.6 
22.9 17.2 17.2 s 45.8 41.3 19.3 
35.1 42.4 35.1 Be 48.5 69.7 48.5 
27.3 41.9 27.3 Be 45.1 51.5 44.1 
22.9 41.4 22.9 Be 45.8 41.3 43 .5 

Table 7.12 Predicted failure loads and failure modes - Series 1, 2 and 3 Beams 
S = Shear Bt = Bending tension Be = Bending compression 

*Feasible solution not possible due to high value of de 

Failure 
Load 
23.7 
19.6 
19.3 
48.5 
41.1 
43.5 
23.7 
19.6 
19.3 
44.4 
35.3 
36.9 
23.7 
19.6 
19.3 
48.5 
44.1 
41.3 

Failure 
Mode 

s 
s 
s 
s 
s 
s 
s 
s 
s 
Bt 
Be 
Be 
s 
s 
s 

Bt+S 
s 

Be 



Method Elastic Ultimate Limit State E ental 
Beam Failure Failure Failure Failure Failure Failure Factor of safety 
Ref. LoadkN Mode LoadkN Mode LoadkN Mode Elastic Ultimate 
11120 17.6 s 23.7 s 61.3 s 3.48 2.59 
11130 17.4 s 19.6 s 38.9 Bt+S 2.24 1.98 
11140 17.2 s 19.3 s 29.3 Bt 1.70 1.52 
11121 42.4 s 48.5 s 61.3 s 1.45 1.26 
11131 41.9 s 41.1 s 38.9 Bt 0.93 0.80 
11141 41.4 s 43.5 s 28.1 Bt 0.68 0.65 
11220 17.6 s 23.7 s 42.8 s 2.43 1.81 
11230 17.4 s 19.6 s 32.0 s 1.84 1.63 
11240 17.2 s 19.3 s 24.7 Bt 1.44 1.28 
11221 32.0 Be 44.4 Bt 52.0 s 1.63 1.17 
11231 23.7 Be 35.3 Be 34.3 Bt 1.45 0.97 
11241 19.0 Be 36.9 Be 28.1 Bt 1.48 0.76 
1/320 17.6 s 23.7 s 56.6 s 3.22 2.39 
11330 17.4 s 19.6 s 36.6 s 2.10 1.87 
l/340 17.2 s 19.3 s 30.5 Bt 1.77 1.58 
1/321 35.1 Be 48.5 Bt+S 56.6 Bt 1.61 1.17 
1/331 27.3 Be 44.1 s 36.6 Bt 1.34 0.83 
11341 22.9 Be 41.3 Be 29.3 Bt 1.28 0.71 

Table 7.13a Predicted and experimental failure loads and failure modes -Series 1 Beams 

S = Shear Bt = Bending tension Be = Bending compression 
Based on code value for l'mv unit values for Ymm and )'m.r 



Method Elastic Ultimate Limit State Experimental 
Beam Failure Failure Failure Failure Failure Failure Factor of safety 
Ref. LoadkN Mode LoadkN Mode LoadkN Mode Elastic Ultimate 

2/120 17.6 s 23.7 s 55.2 s 3.14 2.33 
2/130 17.4 s 19.6 s 41.4 s 2.38 2.11 
2/140 17.2 s 19.3 s 32.2 s 1.87 1.67 
2/121 42.4 s 48.5 s 66.7 s 1.57 1.38 
2/131 41.9 s 41.1 s 50.6 Bt+Be 1.21 1.23 
2/141 41.4 s 43.5 s 39.1 Be 0.94 0.90 
2/220 17.6 s 23.7 s 20.7 s 1.18 0.87 
2/230 17.4 s 19.6 s 39.1 s 2.25 1.99 
2/240 17.2 s 19.3 s 29.9 Be 1.74 1.55 
2/221 32.0 Be 44.4 Bt 43.7 s 1.37 0.98 
2/231 23.7 Be 35.3 Be 43.7 Be 1.84 1.24 
2/241 19.0 Be 36.9 Be 27.6 Be 1.45 0.75 
2/320 17.6 s 23.7 s 48.3 s 2.74 1.16 
2/330 17.4 s 19.6 s 32.2 s 1.85 1.64 
2/340 17.2 s 19.3 s 34.5 s 2.01 1.79 
2/321 35.1 Be 48.5 Bt+S 60.9 s 1.74 1.26 
2/331 27.3 Be 44.1 s 47.2 s 1.73 1.07 
2/341 22.9 Be 41.3 Be 35.7 Be 1.56 0.86 

Table 13b Predicted and experimental failure loads and failure modes - Series 2 Beams 

S = Shear Bt = Bending tension Be = Bending compression 
Based on code value for 'Ymv and unit values for"' mm and "f1113 



Method 
Beam 
Ref. 

3/120 
3/130 
3/140 
3/121 
31131 
3/141 
3/220 
3/230 
3/240 
3/221 
3/231 
3/241 
3/320 
3/330 
3/340 
3/321 
3/331 
3/341 

Elastic · Ultimate Limit State Experimental 
Failure Failure Failure Failure Failure Failure Factor of safety 

LoadkN Mode LoadkN Mode LoadkN Mode Elastic Ultimate 
17.6 s 23.7 s 55.2 s 3.14 2.33 
17.4 s 19.6 s 44.8 s 2.57 2.29 
17.2 s 19.3 s 36.8 s 2.14 1.91 
42.4 s 48.5 s 69.0 s 1.63 1.43 
41.9 s 41.1 s 59.8 s 1.43 1.45 
41.4 s 43.5 s 46.0 Be 1.11 1.06 
17.6 s 23.7 s 29.9 s 1.70 1.26 
17.4 s 19.6 s 40.3 Be 2.32 2.06 
17.2 s 19.3 s 23.6 Be 1.37 1.22 
32.0 Be 44.4 Bt 32.2 s 1.01 0.73 
23.7 Be 35.3 Be 46.0 Be 1.94 1.33 
19.0 Be 36.9 Be 29.9 Be 1.57 0.75 
17.6 s 23.7 s 55.2 - 3.14 2.33 
17.4 s 19.6 s 32.2 s 1.85 1.64 
17.2 s 19.3 s 34.5 s 2.01 1.79 
35.1 Be 48.5 Bt+S 55.2 s 1.57 1.14 
27.3 Be 44.1 s 46.0 s 1.68 1.04 
22.9 Be 41.3 Be 36.8 - 1.61 0.89 

Table 7.13c Predicted and experimental failure loads and failure modes - Series 3 Beams 

S = Shear Bt = Bending tension Be = Bending compression 
Based on code value for y,... and unit values for 'Ymm and 'Yms 



Beam Failure Factor of safety 
Ref Mode Elastic Ultimate 
1/120 s 3.48 2.59 
1/130 Bt+S 2.24 1.98 
1/140 Bt 1.70 1.52 
1/220 s 2.43 1.81 
1/230 s 1.84 1.63 
1/240 Bt 1.44 1.28 
1/320 s 3.22 2.39 
1/330 s 2.10 1.87 
1/340 Bt 1.77 1.58 
2/120 s 3.14 2.33 
2/130 s 2.38 2. 11 
2/140 s 1,87 1.67 
2/220 s 1.18 0.87 
2/230 s 2.25 1.99 
2/240 Be 1.74 1.55 
2/320 s 2.74 1.16 
2/330 s 1.85 1.64 
2/340 s 2.01 1.79 
3/120 s 3.14 2.33 
3/130 s 2.57 2.29 
3/140 s 2.14 1.91 
3/220 s 1.70 1.26 
3/230 Be 2.32 2.06 
3/240 Be 1.37 1.22 
3/320 - 3.14 2.33 
3/330 s 1.85 1.63 
3/340 s 2.01 1.79 

Ave 2.29 1.80 

Table 13d Experimenta.I!Prediction Factors of Safety 
Beams unreinforced in shear 



Beam Failure Factor of safety 
Ref Mode Elastic Ultimate 

11121 s 1.45 1.26 
1/131 Bt 0.93 0.80 
1/141 Bt 0.68 0.65 
1/221 s 1.63 1.17 
1/231 Bt 1.45 0.97 
1/241 Bt 1.48 0.76 
1/321 Bt 1.61 1.17 
1/331 Bt 1.34 0.83 
1/341 Bt 1.28 0.71 
2/121 s 1.57 1.38 
2/131 Bt+Bc 1.21 1.23 
2/141 Be 0.94 0.90 
2/221 s 1.37 0.98 
2/231 Be 1.84 1.24 
2/241 Be 1.45 0.75 
2/321 s 1.74 1.26 
2/331 s 1.73 1.07 
2/341 Be 1.56 0.86 
3/121 s 1.63 1.43 
3/131 s 1.43 1.45 
3/141 Be 1.11 1.06 
3/221 s 1.01 0.73 
3/231 Be 1.94 1.33 
3/241 Be 1.57 0.75 
3/321 s 1.57 1.14 
3/331 s 1.68 1.04 
3/341 - 1.61 0.89 

Average 1.44 1.03 

Table 13e Experimental/Prediction Factors of Safety 
Beams reinforced in shear 



Beam Factor of safe_!y_ 
Ref Elastic Ultimate 
1/120 3.48 2.59 
2/120 3.14 2.33 
3/120 3.14 2.33 
1/130 2.24 1.98 
2/130 2.38 2.11 
3/130 2.57 2.29 
1/140 1.70 1.52 
2/140 1.87 1.67 
3/140 2.14 1.91 
1/220 2.43 1.81 
2/220 1.18 0.87 
3/220 1.70 1.26 
1/230 1.84 1.63 
2/230 2.25 1.99 
3/230 2 .32 2.06 
1/240 1.44 1.28 
2/240 1.74 1.55 
3/240 1.37 1.22 
1/320 3.22 2.39 
2/320 2.74 1.16 
3/320 3.14 2.33 
1/330 2.10 1.87 
2/330 1.85 1.64 
3/330 1.85 1.64 
1/340 1.77 1.58 
2/340 2.01 1.79 
3/340 2.01 1.79 

Table 7 .13f Experimental/Prediction Factors of Safety 
Beams unreinforced in shear 

Classified according to brick type and beam span 
Refer Figure 7.6 

Averages ofthe Factors of Safety by Brick Type 

Brick type 

1 
2 
3 

AverageFOS 

2.1 
1.5 
1.8 



Beam 
Ref. Factor of safety 

Elastic Ultimate 
1/121 1.45 1.26 
2/121 1.57 1.38 
3/121 1.63 1.43 
1/131 0.93 0.80 
2/131 1.21 1.23 
3/131 1.43 1.45 
1/141 0.68 0.65 
2/141 0.94 0.90 
3/141 1.11 1.06 
1/221 1.63 1.17 
2/221 1.37 0.98 
3/221 1.01 0.73 
1/231 1.45 0.97 
2/231 1.84 1.24 
3/231 1.94 1.33 
1/241 1.48 0.76 
2/241 1.45 0.75 
3/241 1.57 0.75 
1/321 1.61 1.17 
2/321 1.74 1.26 
3/321 1.57 1.14 
1/331 1.34 0.83 
2/331 1.73 1.07 
3/331 1.68 1.04 
1/341 1.28 0.71 
2/341 1.56 0.86 
3/341 1.61 0.89 

Table 13g Experimental/Prediction Factors of Safety 
Beams reinforced in shear 

Oassified according to brick type and beam span 
Refer Figure 7. 7 

Averages ofthe Factors of Safety by Brick Type 
Brick type Average FOS 

1 
2 
3 

1.13 
0.96 
1.00 



Beam Factor of safety 
Ref Elastic Ultimate 
1/120 3.48 2.59 
1/220 2.43 1.81 
1/320 3.22 2.39 
2/120 3.14 2.33 
2/220 1.18 0.87 
2/320 2.74 1.16 
3/120 3.14 2.33 
3/220 1.70 1.26 
3/320 3.14 2.33 
Ave 2.69 1.89 

1/130 2.24 1.98 
1/230 1.84 1.63 
1/330 2.10 1.87 
2/130 2.38 2.11 
2/230 2.25 1.99 
2/330 1.85 1.64 
3/130 2.57 2.29 
3/230 2.32 2.06 
3/330 1.85 1.64 
Ave 2.49 1.91 
1/140 1.70 1.52 
1/240 1.44 1.28 
1/340 1.77 1.58 
2/140 1.87 1.67 
2/240 1.74 1.55 
2/340 2.01 1.79 
3/140 2.14 1.91 
3/240 1.37 1.22 
3/340 2.01 1.79 
Ave 1. 78 1.59 

Table 7.13h Experimental/Prediction Factors of Safety 
Beams unreinforced in shear 

Classified according to beam span 
Refer Figure 7.8 



Beam Factor of safety 
Ref. Elastic Ultimate 
1/121 1.45 1.26 
1/221 1.63 1.17 
1/321 1.61 1.17 
2/121 1.57 1.38 
2/221 1.37 0.98 
2/321 1.74 1.26 
3/121 1.63 1.43 
3/221 1.01 0.73 
3/321 1.57 1.14 
Ave 1.51 1.17 
1/131 0.93 0.80 
1/231 1.45 0.97 
1/331 1.34 0.83 
2/131 1.21 1.23 
2/231 1.84 1.24 
2/331 1.73 1.07 
3/131 1.43 1.45 
3/231 1.94 1.33 
3/331 1.68 1.04 
Ave 1.51 1.10 
1/141 0.68 0.65 
1/241 1.48 0.76 
1/341 1.28 0.71 
2/141 0.94 0.90 
2/241 1.45 0.75 
2/341 1.56 0.86 
3/141 1.11 1.06 
3/241 1.57 0.75 
3/341 1.61 0.89 
Ave 1.30 0.81 

Table 7.13j Experimental/Prediction Factors of Safety 
Beams reinforced in shear 

Classified according to beam span 
Refer Figure 7.9 



Beam Failure Factor of safety 
Ref. Mode Elastic Ultimate 
1/120 s 3.48 2.59 
1/121 s 1.45 1.26 
1/220 s 2.43 1.81 
11230 s 1.84 1.63 
11221 s 1.63 1.17 
1/320 s 3.22 2.39 
1/330 s 2.10 1.87 
2/120 s 3.14 2.33 
2/130 s 2.38 2.11 
2/140 s 1.87 1.67 
2/121 s 1.57 1.38 
2/220 s 1.18 0.87 
2/230 s 2.25 1.99 
2/221 s 1.37 0.98 
2/320 s 2.74 1.16 
2/330 s 1.85 1.64 
2/340 s 2.01 1.79 
2/321 s 1.74 1.26 
2/331 s 1.73 1.07 
3/120 s 3.14 2.33 
3/130 s 2.57 2.29 
3/140 s 2.14 1.91 
3/121 s 1.63 1.43 
3/131 s 1.43 1.45 
3/220 s 1.70 1.26 
3/221 s 1.01 0.73 
3/330 s 1.85 1.64 
3/340 s 2.01 1.79 
3/321 s 1.57 1.14 
3/331 s 1.68 1.04 

Average 2.03 1.60 

Table 7 .13k ExperimentaVPrediction of Factors of Safety 
Beams failing in shear 

Refer Figure 7.10 



Beam Failure Factor of safety 
Ref Mode Elastic Ultimate 
1/140 Bt 1.70 1.52 
1/131 Bt 0.93 0.80 
1/141 Bt 0.68 0.65 
1/240 Bt 1.44 1.28 
1/231 Bt 1.45 0.97 
1/241 Bt 1.48 0.76 
1/340 Bt 1.77 1.58 
1/321 Bt 1.61 1.17 
1/331 Bt 1.34 0.83 
1/341 Bt 1.28 0.71 

Average 1.37 1.03 

Table 7.131 Experimentai!Prediction ofFactors of Safety 
Beams failing in bending tension 

Refer Figure 7.11 



Beam Failure Factor of saf~ 
Ref Mode Elastic Ultimate 

3/141 Be 1.11 1.06 
3/230 Be 2.32 2.06 
3/240 Be 1.37 1.22 
3/231 Be 1.94 1.33 
3/241 Be 1.57 0.75 
2/141 Be 0.94 0.90 
2/240 Be 1.74 1.55 
2/231 Be 1.84 1.24 
2/241 Be 1.45 0.75 
2/341 Be 1.56 0.86 

1.58 1.17 

Table 7.13m Experimental/Prediction of Factors of Safety 
Beams failing in bending compression 

Refer Figure 7.12 



Series 1 Series 2 Series 3 
Beam Failure Failure Failure Failure Failure Failure 
Ref. LoadkN Mode LoadkN Mode LoadkN Mode 
120 61.3 s 55.2 s 55.2 s 
130 38.9 Bt+S 41.4 s 44.8 s 
140 29.3 Bt 32.2 s 36.8 s 
121 61.3 s 66.7 s 69.0 s 
131 38.9 Bt 50.6 Bt+Be 59.8 s 
141 28.1 Bt 39.1 Be 46.0 Be 
220 42.8 s 20.7 s 29.9 s 
230 32.0 s 39.1 s 40.3 Be 
240 24.7 Bt 29.9 Be 23.6 Be 
221 52.0 s 43.7 s 32.2 s 
231 34.3 Bt 43.7 Be 46.0 Be 
241 28.1 Bt 27.6 Be 29.9 Be 
320 56.6 s 48.3 s 55.2 -
330 36.6 s 32.2 s 32.2 s 
340 30.5 Bt 34.5 s 34.5 s 
321 56.6 Bt 60.9 s 55.2 s 
331 36.6 Bt 47.2 s 46.0 s 
341 29.3 Bt 35.7 Be 36.8 -

Table 7.14 Experimental failure loads and failure modes- Series 1, 2 and 3 Beams 

S = Shear Bt = Bending tension Be = Bending compression 



Failure Mode Other: 
Shear Bending Bending Be+ S 

Compression Tension Bt+S Total 
Shear Condition (S) (Be) (Bt) Not known 

Elastic 27 0 0 - 27 
U nreinforced Ultimate 27 0 0 - 27 

Experimental 19 3 3 2 27 

Reinforced Elastic 9 18 0 - 27 
Ultimate 12 9 3 3 27 

Experimental 10 6 7 4 27 

Table 7.15a Summary of predicted and experimental failure modes 



Table 
Method Brick Type 1 Brick Type 2 Brick Type 3 

No. 
of 

Beam span mm Beamspanmm Beamspanmm beam analysis 
2000 3000 4000 2000 3000 4000 2000 3000 4000 

7.10b Elastic Ms 32.8 48.5 73.8 30.7 44.8 68.2 32.9 48.8 73.8 

7.10b Elastic Mb 59.3 49 54.9 21.3 23.7 25.4 23.4 27.2 30.5 

7.11b Limit state Ms 34.4 50.2 73.8 30.4 40.6 49.8 32.8 46.3 640 

7.11b Limit state Mb 35.7 51.1 72.6 30.2 40.5 44.5 32.7 46.3 640 

7.13 Factored BS 5628 M 28.6 40.3 35.7 23.4 25.9 * 25.9 34.3 40.5 

7.12 - # 
Ductile Ms 34.2 49.7 51.3 29.6 32.3 45.1 -

7.12 Brittle Mb 35.3 36.9 55 - - - - -
7.13a 

Experimental G 1 41 46.7 49.4 
42.9 - 39.2 40.5 

46 -
7.13b Experimental G2 - G4 39.1 40.3 36.7 36.8 32.2 49.1 - -

Factored BS 5628 M, 
9.9 9.7 9.4 8.5 

8.3 8.0 
19.3 18.9 18.4 

usin_g f k/3 

Table 7 .15b Comparison of Bending Moments 



Span mm 2000 3000 4000 

Allowable 
serviceability 8 12 16 

deflection mm* 

Mean experimental 
deflection, mm 7.3 12.8 23 .2 

Facto red 
experimental 4.6 8 14.5 

deflection, mm** 
Notes: 

"' Allowable deflections based on span/250 

**Facto red experimental deflection = Mean experimental deflectionly, taking Ym = 1. 6 

Table 7.16 Allowable and experimental mid-span deflections 



Brick type 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Brickwork fk Prism(Hdr+Str) (Hdr+Str)/2 
24.0 14.2 7.1 
24.0 22.5 11.3 
18.1 9.7 4.8 
14.9 13.3 6.0 
14.8 12.5 6.0 
13.4 11.8 5.9 
12.2 21.2 10.6 
12.0 25.2 12.6 
10.5 8.0 4.0 
9.6 8.8 4.4 
8.0 7.6 3.8 

Table 8.1 -Brickwork compressive strengths N/mm2 

See also Figure 8.1 

tk/6 Col4/Col5 Ref 
4.0 1.8 lA 
4.0 2.8 9A 
3.0 1.6 6A 
2.5 2.9 6I 
2.5 2.6 6H 
2.2 2.5 6E 
2.0 5.3 9B 
2.0 6.3 lB 
1.7 2.4 9C 
1.6 2.7 lC 
1.3 2.9 6F 

Ave 3.1 

Notes: 1. Strengths from perforated brick units tested on bed face; brickworkfi (code value); prism (test). 
2. References: 

1. UOP Quetta Style Beam prism tests. 
6. Davies and Hodgkinson [125] 
9. Regan (internal report. UOP) 



Brick type 

1 

2 
3 
4 

5 
6 
7 

8 
9 
10 
11 

Brickwork fk Prism(Hdr+Str) (Hdr+Str)/2 fk/3 (Psm Hdr+ 
Str)/1.5 

24 14.2 7.1 8 9.5 
24 22.5 11.3 8 15 

18.1 9.7 4.8 6 6.5 
14.9 13.3 6 5 8.9 
14.8 12.5 6 4.9 8.3 
13.4 11.8 5.9 4.5 7.9 
12.2 21.2 10.6 4 14.1 

12 25.2 12.6 4 16.8 
10.5 8 4 3.5 5.3 
9.6 8.8 4.4 3.2 5.9 

8 7.6 3.8 2.7 5.1 
Notes: 1. Strengths from perforated brick units tested on bedface; brickworkfk (code value) 

2. References: 
]. 
6. 
9. 

UOP Quetta Style Beam prism tests. 
Davies and Hodgkinson [125} 
Regan (internal report. UOP) 

Table 8.1 a Compressive strength of brickwork 
showing fk /3 and (Prism Header + stretcher) strength/1.5 

Refer Figure 8.4 

Ref 

lA 
9A 
6A 
6! 
6H 
6E 
9B 

lB 
9C 
lC 
6F 



Compressive Compressive Ratio of Ratio of Beam/ 
failure stresses of strength of UOP beam/prism factored prism 
UOP Quetta Style Quetta Style results 

Beams Prisms 
(N/mm2

) (N/mm2
) (%) 

Brick type Brick type Brick type 

1 2 3 1 2 3 1 2 3 

19.0 10.4 13.2 25.2 8.8 14.2 75 118 93 

Table 8.4a Comparison of the compressive strengths 
of the UOP Quetta Style Beams and Prisms 

results 

(%) 

Brick type 

1 2 

150 236 

Compressive Compressive Ratio of Ratio of Beam/ 
failure stresses of strength of UOP beam/prism factored prism 
UOP Quetta Style Quetta Style results results 

Beams Prisms 
(N/mm2

) (N/mm2
) (%) (%) 

Brick type Brick type Brick type Brick type 

1 2 3 1 2 3 1 2 3 1 2 3 

19.25 11.0 14.2 25.2 8.8 14.2 76 125 100 152 250 200 

Table 8.4b Comparison of the compressive strengths 
of the UOP Quetta Style Beams and Prisms, including self weight stresses 

Refor Table 8.5 

3 

186 



Brick Type 

Brick Span mm 
Unit Weight 

kN/m3 

Ei 
kN/mm2 

Mmu 
kNm 

V 

N/mm2 

fbc = fbt 
N/mm2 

Bbc=Ebt 
X 10-6 

T=C 
kN 

1 2 

2000 3000 4000 2000 3000 4000 
23.7 23.7 23.7 22.3 22.3 22.3 

18 .. 04 18.04 18.04 5.7 5.7 5.7 

1.125 

0.024 

0.25 

14 

5.9 

2.53 4.5 1.06 2.38 4.23 

0.036 0.048 0.23 0.34 0.045 

0.56 1.00 0.24 0.53 0.94 

32 56 41 92 165 

13 24 5.6 12 22.6 

Table 8.5 Calculation of the effect ofselfweigbt 

Shear stress, v, linear elastic bending stresses and strains, /be, .Ji,~ ebc an and ebb• 

Tension force, T, and compression force, C. 

3 

2000 3000 4000 
25.4 25.4 25.4 

18.66 18.66 18.66 

1.21 2.71 4.82 

0.026 0.039 0.051 

0.27 0.60 1.07 

15 32 57 

6.3 13.9 25.7 



Brick type 

14 hole 
1S hole 

23 hole 

8 hole 

Solid 

10 hole 
Frog 

3 hole 

Frog 

Frog 
3 hole 

Characteristic 
Brick Bed Brickwork Design str fk/2 Bed/fk Bed/Design 
Strength Strength fk strengths strengths 

107.9 24 12 4 .5 8.99 
64.7 18.1 9 3.S 7.19 
49.4 14.9 7.4 3.34 S.S8 

49.1 14.8 7.4 3.34 S.64 

43.5 13.4 S.7 3.25 S.49 

38.2 12.2 S.1 3.13 S.2S 

33.7 11 5.5 3.06 S.13 

32 9.9 4.9 3.26 S.53 

31.7 10.4 5.2 3.05 S.10 

25.4 8.7 4.3 2.95 5.91 

22.7 8 4.0 2.84 5.S8 

Table 8.6 Comparison of brick bed and brickwork design strengths N/mm2 
See also Figure 8.4 

Reforence: 6 -PCJWell and Hodgldnson [120} 
1 - Regan [UOP internal report] 

Ref 

1A 

SA 
SI 

SH 
SE 
18 
se 
1C 
so 
S8 
SF 



Beam Mode de Tu-
Ref of from Ty 

failure Strain = 
graph Fat 

mm kN 
2m 
span 

beams 
1/321 Bt 59.6 35 
11120 s 101.5 68 
2/120 s 92.3 37 
3/120 s 90.8 37 
11121 s 77.5 55 
2/121 s 99.4 89 
3/121 s 91.4 56 
1/320 s 93.4 70 
2/320 s 65.5 38 
3/320 s 63.6 50 
2/321 s 93.4 74 

Selfwt Fat Steel 
Tension + test 

Tswt Tswt strain 
at yield 

kN kN X 10-6 

6 41 2460 
6 74 2460 
6 43 2460 
6 43 2460 
6 61 2460 
6 95 2460 
6 62 2460 
6 76 2460 
6 44 2460 
6 56 2460 
6 80 2460 

Ave61 

Table 8.7b Tension forces Method 1 
2m span beams 

e ex+ esv,/ e y 
Tensile Selfwt times 
strain Tensile 100 

eex strain 
Tex : esw 

X 10-6 X 10-6 Percent 

2916 15 119 
3342 14 135 
2942 14 120 
2942 14 120 
3174 14 129 
3613 14 147 
3187 14 130 
3367 15 137 
2954 15 120 
3110 15 126 
3419 15 139 

Ave129 



Beam Mode de Ta-Ty 
Ref of from = 

failure Strain Fat 
£ntJ)h 
mm kN 

£ntJ)h 
mm mm 

3m span 
beams 
2/131 Bt+Bc 190 95.3 
2/231 Be 190 97.3 
3/231 Be 190 119 
3/130 s 192 75.4 
3/131 s 190 97.3 
2/331 s 190 65.5 
3/331 s 190 90 

Selfwt Fat Steel 
Tension + test 

Tswt Tswt strain 
at yield 

kN kN X 10-6 

kN kN kN 

28 13 41 
0 12 12 

36 12 48 
77 13 90 
88 13 101 
-2 14 12 
10 14 24 

Ave47 

Table 8.74! Te~;~sion forces Method 1 
3 n,t span beams 

ea+ esw/ ea +e,..,/ 
Tensile Selfwt ey ey 
strain Tensile times 
ea strain 100 
Ta esw 

x10-6 X 10-6 Percent 100 
at yield Ta esw 
x10-6 xl0-6 X 10-6 Percent 

2313 2532 32 109 
2313 2310 92 lOO 
2313 2595 92 112 
2460 3457 32 141 
2313 3006 32 130 
2313 2294 32 99 
2313 2389 32 103 

Ave 112 



Beam Mode de Selfwt Fat Steel test Tensile Selfwt (e ex +envy 
Ref of from Tex- Tey Tension + strain strain Tensile ey 

failure Strain =Fat T5Wt Tswt at yield eex strain 
graph esw 

mm kN kN kN xl0-6 xl0-6 xl0-6 Percentage 
11130 Bt+S 75.4 -56 13 -43 2313 1868 32 81 
11131 Bt 90 -49 13 -36 2313 1922 32 83 
2/130 s 75.4 -41 13 -28 2313 1985 32 86 
11331 Bt 71.5 -64 14 -50 2313 1803 32 78 
2/230 s 103.3 -26 12 -14 2313 2104 92 91 
2/330 s 99.3 -87 14 -73 2313 1622 32 70 
1/141 Bt 85.4 -230 26 -204 2398 1208 56 80 
2/340 s 90 -159 26 -133 2398 1578 57 66 

Reserve of steel strength shown as negative value 

Table 8.7d Tension forces Method 1 
Beams of 2,3 and 4 m span where yield strength of the steel was not exceeded 



l (__ w 

2 3 4 5 6 7 8 9 10 lOaa 
Beam Expt Expt Mode d de Steel Expt Tex-Ty Ccx 
Ref Load BM of from test beam 

failure Strain Tv- Tex 
graph at Yield failure 

kN kNm mm mm kN kN kN kN 
1/130 38.9 38.9 Bt+S 190 75.4 292 236 -56 250 
1/131 38.9 38.9 8t 190 90 292 243 -49 257 
21131 50.6 50.6 Bt+ Be 190 95.3 292 320 28 296 
1/141 28.1 37.5 Bt 187.5 85.4 466 236 -230 203 
1/321 56.6 37.7 Bt 192 59.6 191 226* 35 118 
11331 36.6 36.6 Bt 190 71.5 292 228'" -64 146 

21231 43.7 43.7 Be 190 97.3 292 299* 0 127 
31231 46 46 Be 190 119 292 328* 36 244 

1/120 61 .3 40.9 s 192 101.5 191 259 68 391 
21120 55.2 36.8 s 192 92.3 191 228 37 128 
3/120 55.2 36.8 s 192 90.8 191 228 37 172 
1/121 61.3 40.9 s 192 77.5 191 246 55 321 
21121 66.7 44.5 s 192 99.4 191 280 89 372 
3/121 59.8 39.9 s 192 91.4 191 247 56 142 
21130 41.4 41.4 s 190 75.4 292 252 -41 231 
3/130 33.8 44.8 s 192 75.4 191 268 77 191 
3/131 59.8 59.8 s 190 97.3 292 380 88 328 
21230 39.1 39.1 s 190 103.3 292 266* -26 102 
11320 56.6 39.9 s 192 93.4 191 261" 70 202 
21320 48.3 37.7 s 192 65.5 191 224" 38 110 
31320 56.6 39.9 s 192 63.6 191 241* 50 107 

21321 60.9 40.6 s 192 93.4 191 265* 74 179 

21330 32.2 32.2 s 190 99.3 292 205 -87 203 

21331 47.2 47.2 s 190 65.5 292 290* -2 156 

31331 46 46 s 190 90 292 302* 10 203 

21340 34.5 46 s 187.5 90 466 307" -159 151 
Ave 53 

Table 8.7e Compression Forces- Method 2 



2 5 8 9 10 11 12 13 14 
Steel Steel Expt 

Beam Mode test test beam Compression Compression c .. -- Coxlnilial" 
Ref of T, Tu~~ T •• Tell-Ty Force Force T •• T •• 

failure at at failure c.,_ Cnlntill 
yield failure 
kN kN kN kN kN kN kN KN 

1/130 Bt+S 292 367 236 -56 250 +14 
1/131 Bt 292 367 243 -49 257 +14 
2/131 Bt +Be 292 367 320 28 296 -24 
1/141 Bt 466 602 236 -230 203 -33 
1/321 Bt 191 236 226* 35 150 -76 
1/331 Bt 292 367 228* -64 186 -42 

2/231 Be 292 367 299* 0 162 -137 
31231 Be 292 367 328* 36 310 -18 

1/120 s 191 236 259 68 391 +132 
2/120 s 191 236 228 37 183 -45 
3/120 s 191 236 228 37 245 +17 
1/121 s 191 236 246 55 321 +75 
2/121 s 191 236 280 89 372 +92 
31121 s 191 236 247 56 203 -44 
2/130 s 292 367 252 -41 231 -21 
3/130 s 292 367 268 -24 272 +4 
3/131 s 292 367 380 88 328 -52 
2/230 s 292 367 266* -26 130 -136 
1/320 s 191 236 261* 70 257 -4 
21320 s 191 236 224* 38 145 -79 
3/320 s 191 236 241* 50 136 -105 
21321 s 191 236 265* 74 228 -37 
2/330 s 292 367 205 -87 203 -2 
21331 s 292 367 290* -2 199 -91 
3/331 s 292 367 302* 10 258 -44 
21340 s 466 307* -159 192 -1 15 

Table 8. 7f Tension and compression 



( Cexsecaot 

or 

Tu- Tey Cex initial ) 

Beam - Cex 

kN kN 

11120 68 132 

3/120 37 17 

11121 55 75 

2/121 89 92 

Table 8. 7 gb-Comparison of excess tensile and compressive forces 



Brick Neutral axis depth 

type 

) 
Experimental Equation 8 .• 9 Equation 8.5.10 

1 77.5mm 78mm 68.8mm 

Table 8.8 Comparative neutral axis depths 



D 

Reference Modulus of Elasticity % Difference from the 
_(N/mm1

) British Standard 
British Standard [S 11 900f~c -

American Code [S 101 7oor m -
Eurocode [SI 51 lOOOf~c =11% 

UOP Quetta Style Beam 716 fk -20% 
Brick Type 1 
UOP Quetta Style Beam 648 f~c -28% 
Brick T_YQ_e2 
UOP Quetta Style Beam 1414 fk +46% 
Brick Type 3 
Curtin et al [71 1 700 f~c to 1100 fk -22%to+22% 

Table 8.9 Comparative modulus of elasticity 

UOP Quetta Style Beam Experimental Prism Experimental Modulus of 
Brick Type Compressive Strength 

N/mm1 
Elasticity 

N/mm1 

1 25.2 18.04 

2 8.8 5.7 

3 14.2 18.6 

Table 8.10 Comparative brickwork prism strengths and initial modulus 
for 

UOP Quetta Style Beam Brickwork 



Method 
of 

Beam Analysis 

I er (secant) X 106 rnm4 

I er(LIEI) x 106 mm4 

Ratio 
I er (secant) I I er UEI 

Brick Type 1 Brick Type 2 
Beam Span mm Beam Span mm 

2000 3000 4000 2000 3000 4000 

177 242 290 243 338 476 

176 194 201 298 372 375 

1.01 1.25 1.44 0.82 0.91 1.27 

Table 8.11 Comparison of cracked second moments of area, 
lcr (secant) I lcr (L/EI) 

fer (secant) are values extracted from Table 7.11a 

I er (L/EI) are values calculated from UEI v moment graphs(Vo/.2 154-162) 
Refer Figure 8.8 

Brick Type 3 
Beam Span mm 

2000 3000 4000 

100 166 212 

120 160 171 

0.83 1.04 1.24 



Factor of safety 

Beam Failure Experimental/ 
Ref. Mode Ultimate 

Prediction 
11121 ·s 1.26 
2/121 s 1.38 
31121 s 1.43 
31131 s 1.45 

Ave 1.38 

11221 s 1.17 
2/221 s 0.98 
3/221 s 0.73 

Averflge 0.96 

2/321 s 1.26 
2/331 s 1.07 
3/321 s 1.14 
3/331 s 1.04 

Average 1.12 

Table 8.12a Experimental/Predictions of Factors of Safety for Brick Types 
Reinforced beams failing in shear 

Reference Table 7.13k 



Factor of 
safety 

Beam Failure Experimental! 
Ref. Mode IDtimate 

Prediction 
11120 s 2.59 
2/120 s 2.33 
2/130 s 2.11 
21140 s 1.67 
3/120 s 2.33 
3/130 s 2.29 
3/140 s 1.91 

Ave 2.17 

1/220 s 1.81 
11230 s 1.63 
2/220 s 0.87 
2/230 s 1.99 
3/220 s 1.26 

Averag_e 1.51 

1/320 s 2.39 
1/330 s 1.87 
2/320 s 1.16 
2/330 s 1.64 
2/340 s 1.79 
3/330 s 1.64 
3/340 s 1.79 

Avemge 1.75 

Table 8.12b Experimental/Predictions of Factors of Safety for Brick Types 
Unreinforced beams failing in shear 

Reference Table 7. 13k 



J 

_) 

Shear span aid 
3.47 
5.26 
7.11 

Beam Shear 
Span Span 

m aid 

2 3.47 
3 5.26 
4 7.11 

Failure load kN 
Brick type 1 Brick type 2 Brick type 3 

61.6 
45.7 
34.5 

Table 8.12c 
Shear span aid 

versus 

36.9 
39.2 
25.1 

Failure load for different brick types 
Ref erence Tables 7.13a -c 

55.5 
38.5 
33.2 

Percentage Factor of Safety Failure/Ultimate 
area of Predicted Load 

reinforcement .Brick type Brick type Brick type 
1 2 3 

0.639 2.42 1.31 1.78 
1.010 2.20 1.81 1.72 
1.599 1.79 n/a 1.79 

Table 8.12 d 
Beam span, Shear span aid and percentage area of reinforcement versus 
Factor of safety of failure/ultimate predicted load for different brick types 

Beams unreinforced in shear 
Reference Table 8.12b 



Brickwork Unit Strength 
Brick Type Mean Mlbd2 Strength N/mm2 

N/mm2 N/mm2 

1 3.69 25.2 38.2 

2 2.77 8.8 32.0 

3 3.32 14.2 107.9 

Table 8.13 Comparison of brick and brickwork strengths with Mlbd2 

Refer Figure 8. 13a 

Span Mean 
Mlbd2 

2m 3.22 

3m 3.41 

4m 3.51 

Table 8.14 Comparison of span and Mlbd2 



Brickwork Unit 
Researchers Beam Mean compressive compressive Number 

Type Mlbd1 strength strength of beams 
N/mm1 N/mm1 N/mm1 tested 

BR 2.51 18.6 17.8 9 
Withey BR 3.22 19.8 86.3 8 

BR 3.24 14.4 63.5 8 

Osman and GRCI 3.60 12.75 23.86 4 
Hen dry GRCI 3.27 22.95 88.28 4 

Garwood 
And GRC2 1.92 25.0 - 3 

Tomlinson 

UOP 3.69 25.2 38.2 18 
Regan UOP 2.77 8.8 32.0 18 

UOP 3.22 14.2 107.9 18 

BR Reinforced brickwork beam using bed joint reinforcement 
GRCJ Reinforced brickwork grouted cavity beam 
GRC2 Reinforced brickwork beam with brick ceramic in the cavity 
UOP UOP Quetta Style Beam 

Table 8.15 
Mean Mlbd2 versus brickwork strength for different beam formats 

Refer Figures 8.13b and c 

UOP prisms 

Prisms by other 
researchers 
Percentage 
difference 

(UOP - Others/ 
UOP 

Brickwork compressive strength 

1SN/mm1 20N/mm1 25 N/mm1 

3.14 3.439 

3.26 3.089 

-3.8 10.2 

Table 8.15a 
Comparison of Mlbd2 for UOP Quetta Style Beam 

with tests by other researchers 

3.71 

2.92 

21.3 



Typical 4m test beam 

Plate 1 

120 



Brick type 2, progressive shear failure 

Plate 2 

150 



Brick type 3, explosive shear failure 

Plate 3 

151 



Brick type 1 , ductile to brittle flexure failure 

Plate 4 

152 



Brick type 2, ductile to brittle flexure failure 

Plate 5 

153 
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ANNEXA 

A.O EXAMPLE CALCULATIONS 

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

The results are listed in Tables 7.lb, 7.1d, 7.2 b-d, 7.3, 7.5, 7.7 -13m, 7.11a, 7.15 . 

A.l STANDARD DATA FOR 1/120 BEAM (REFER TABLE 7.1a) 

b= 327.5mm 

p = 0.639 X 10"2 

d= 192mm 

ell= 16mm 

Brick, prism mean compressive strength = 25.2 N/mm
2 

<Jlbc and fie. ) 

Et,;= 18.04 kN/mm2 Et..= 12.65 kN/mm
2 

pst = 476.2 N/mm2 

E.= 195.4 kN/mm2 

m;= 10.83 

No. of bars= n = 2 

Et,.,= 0.0035 

m.= 15.6 

For elastic shear analysis: 

Pv = 0.28 N/mm2 Pst = 140 N/mm
2 z= 0.85d 

A.2 PREDICTIONS USING ELASTIC ANALYSIS 

A.2.1 Moments of resistance, MJ.c and Mst 

bd,? + 2m;dc- .2m; d ~ = 0 (Equation A5.8) 

(327.5 X 1922) de2 + (2 X 10.83) de- 2 X 10.83 X 192 X 402 = 0 

Hence de= 59.3mm 

Moo= 0.5 Pbc b de (d - dc/3) (Equations A5.9) 

Mt, = 0.5 X 25.2 X 327.5 X 59.3 (192- (59.3/3)) 

M.t = fy ~ (d- dc/3) (Equation A5.10) 

M.t = 476.2 X 402 (192 - (59.3/3) 

1 

M,. = 42.1 kNm 

M.t = 32.8 kNm 



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

Load at collapse of2m span beam 
3M., 

Wst = --= 49.2 kN 
2 

A.2.2 Elastic Shear Vue (Unreinforced) and V~~e (Reinforced) (Equation A5.12) 

Vue= b d Pv = 327.5 X 192 X 0.28 X 10 "3 =17,6 kN Vu.= 17.6 kN 

vR.= Vu.+zA.tpstiS... = 17.6+0.85x 192x 140/(168x 10
3
) 

V Re= 42.4 kN 

A.2.3 Deflection 

For a cracked section, using Equation 5.46 

bdc
3 

mm:f4 2 
I.,= - + -- + mA. (d - d.,) 

3 64 

327.5x59.3 3 10.83nx164 

= + + 10.83 X 402 (192-59.3)2 

3 64 

A.3 PREDICTIONS USING LIMIT STATE ANALYSIS 

A.3.1 Mbc and M..t based on unit material factors 

The analysis is based on equations A5.13 -18, A5.20. using 'Ynun = 'Yrm = 1.0, 
since the strength of the materials are known from the physical tests. 
fk = 25.2 N/mm2 

AJY 
z=d---

2bft 

M.t=A.fyz 

Mt,., = bfk de z 

z= 180mm Hence de = 24mm 

M..t = 34.4 kNm 

Mi.., = 35.7 kNm 

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

2 



NB The code equation (BS5628) 

Part 2 Clause 22.4.21) requires Md > 0.4 ftbd
2 

Ynrm 

For Ymm = 1.0 Md=122kNm 

For Ymm = 2.0 Md= 61 kNm 

A.3.1.1 Deflection 

L, = 327.5x243 + 15.4x~164 + 15.4 x 402 (192-24)2 
3 64 

A.3.2 Mbc and M.t based on material Factors set to BS5628 Part 2 Values 

The analysis is based on equations A5.17-20, using 'Youn = 2.0 and 
'Yrm = 1.15 fk = 25.2 N/mm2 

z = 172mm Hence de = 40mm 

M.t = 28.6 kNm 

M..c = 28.4 kNm 

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

A.3.2.1De0ection 

Using d.,= 40 

3 



A.3.3 Mbe and Mot based on ductile and brittle failure 

The analysis is based on equations A5.6- A5.9, 

A.3.1.l Ductile failure 

de= A,J, = 402.r476.2 
kdkb 0.75.r25.2.r327.5 

de= 30.9mm 

M.t = A..t. fy [d- de]= 402 X 327.5 [192- 30.9] M.t = 34.2 kNm 

A.3.1.2 Brittle failure 

k1 f1c b de 2 + A..t. Eu E, de - A..t. Et.u E, d = 0 

0.75 X 25.2 X 327.5 X de2 + 0.0035 X 195.4 (402 X X 103 
X de- 402) X 10

2 
= 0 

Solves to gives de= 68.6 

~ = k1 fk bdc (d- k2 de)= 0.75 X 25.2 X 327.5 X 68.6 (192- 0.417 X 68.6) 

~=69.3 kN 

Hence M.t < Mt,.,, therefore a ductile failure would occur. 

A.3.1.3 Deflection based on ductile failure 

Using de= 30.9 

4 



A.3.4 Mbe and Mat 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 fk/3 {BS 10, Clause 19.1.14). The characteristic 
compressive strength for Brick Type I with a crushing strength of38.2 N/mm

2 
aid 

using a mortar designation (i) is fk = 12.4 N/mm2
. 

fk = 12.4/3 = 4.1 'Yrmn = 2.0 'Yrmn = 1.15 

z = d - A,,J,r'"'" = 68mm 
2bftYrns 

dc=248>d= 190mm 

The value of de is not practical. 

A.3.5 Ultimate Shear (Table 7.5) (Equations A5.21 -23) 

A.3.5.1 Data for all 2m span beams 

b = 327.5 mm d = 192 mm Am= 402.12 mm2 

A.3.5.2Shear Stress 

p = 0.0064 a= 667 mm 
a 
- =3.47<6 
d 

A.v = 56.66 mm2 Sv= 168.8 mm fys = 385.5 N/mm2 

fw = (0.35 + 17.5p)n; 

n; = (2.5- 0.25 a/d) for aid :'S 6 

For 2m span n2 = (2.5- 0.25 x 3.47) = 1.63 

fvu = {0.35 + 17.5 X 0.0064) 1.63 

fvu = 0.753 < 1.75 N/mm2 

A.3.5.3Shear resistance of unreinforced (Vu) and reinforced (V a) beams. 

Vu = bdfw / 'Yrmn 

VR = bdfvu/ 'Ymm + d X A.v X fys/ Sv X 'Y~m 

5 



Using 'Ymm = 2.0 'Yrm = 1.0 

Vu= 327.5 X 192 X 0.753/2 

Vu= 23.7kN 

VR = 23.7 + 192 X 56.55 X 385.5 I 168.8 X 103 

VR = 23.7 + 24.8 = 48.5 kN 

A.4 THE EFFECf OF SELF WEIGHT OF THE UNIVERSITY OF 
PLYMOUTH QUETTA STYLE BEAM 

A.4.1 Data 

Span=2m 

b=327.5mm D=290mm 

Unit weight 23.7 kN/mm2 E; = 18.04 kN/mm2 

A.4.2 Calculations 

Beam weight, W d 

Wd = 327.5 X 290 X 23.7 X 10-6 

Wd=4.5 kN 

Mmax, mid span= WL = 1.125 kNm 
8 

V max, at support= 2.25 kN 

Vave = :!.._ = 2.25 x 103 = 0.03 N/mm2 
bD 327.5 x 290 

Elastic stresses 

fhc = fht = 0.25 N/mm2 

6 



I 
). 

I 

:0 25' ........ '6' 
'= -.. -·- = 14x:l0 ' 

18.04 

Fbc = 1Fbt = 105 flic br(O.SD) 

=i0.2S x 0.25 X:'327:S x.29() 

BM '""'Fbt x:SQ/6 

;=' ~.9 X~ X: 290/6:xJ000 

= '1.43 kNm 

. ,. 



ANNEXB 

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 .l 0 - 7 .I Oe were developed with the objective of comparing the:-

• tensile behaviour. Available tensile resistance provided by the steel, Tyk.N 

and the actual tensile force developed by the reinforced brickwork T ex kN. 

This is shown as T ex- Ty. 

• compressive behaviour. Compressive strength of the brickwork prisms, Pbc 

andfi Nlmm2 and the compressive stress induced by the applied bending 

moment fi, N/mm2 
. 

Relative values of the strain were also calculated. 

Procedure:-

1. CoUate data 

La 

l.b 

Beam reference. 

Failure load, B M and mode. 

(Column 2) 

(Columns 3,4,5) 

l.c Effective depth and depth of neutral axis from strain graphs 1-54, these are 

graded from l -4 and described in Section 6.2.1. Columns (6 and 7) 



l.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 Poo or ti (Column 14) 

2. Assumptions 

Assume triangular stress diagram, hence lever arm = (d-dJ3) with a maximum 

compressive fibre stress fi.. 

3. Calculations 

3.a Calculate tension in reinforcing bar T.,. where Tex = BM/(d-d./3) 

(Column 9) 

3.b. Calculate Tex- Ty (ColumnlO) 

3.c Using T •• = c •• and the appropriate A and E for the bar diameter 

3.d 

3.e 

calculate the experimental strain in steel Eex 

Determine percentage ratio of Eex!Ey 

Using Tex = c •• calculate fi,= 2 T .xlbdc 

(Column 12) 

(Column13) 

(Column 15) 

3.f NB. 

If fi > Pb then assume that the stress block is rectangular of depth 

0.834dc (Hendry p 185 refers,[80]). 

OR 

lf/b < Pb go to 3.hlffi > Pb recalculate Tex in 3.a above:-

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

Then continue to 3.d 



3'.i, 

I.UsingTex = Ccx calclllat~.fti = l'e;t/(b(0:834~)) 

qfi,, <: Ph'calculate strruil1oii brickwork using 1Et, initial~ 

OR 

1fft,obtainedfromJa rectangu/af;stress 1bli:Jck calculate the straln.iil.the 

brickwork;'llsingiEt;secani (C::olWnn, ti8)· 

Measure IiliOOIDWn. stn.lilts [n)m Strain Graphs L = 54~ ;(Column 19), 



ANNEX C LIMIT STATE PROCEDURES. 

C.O 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, Mt,., 

and the tensile resistance, M.t. 

C.l Tbe procedures 

C.l.l 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.t= A.tfy Z I 1rm 

Z = d- 0.5 A.rt fy lmm /b fky .... 

Moo = b fi de Z /ymm 

<k=2(d-z) 

Both partial factors for materials, 1111'1, and llllllb were set to zero. The assumption 

that fk 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 7.2c). 

The basic equations were: 

Ductile failure 

z = [d- (A.t fy kv' tk b kt))] 

Ms = A.t fy [ d- (A.a fy kv' tk b kt))] 

Where k1 = 0.75 and k2 = 0.417 'Ymm= 'Ym =1.0 

From z the value of d., = ( d- z) I kt 

Brittle failure 

ktfkbd.,2 + A.aEbuEsdc -A.aEbuEsd = 0 

Solve for d then 

Mbc = kt fk bdc (d- k2 de) 

c.l.J Procedure J 

Limit state analysis using design equations from BS5628 Part 2 [S.3] 

(Table 7.2c). 

The basic equations are: 

z = d- 0.5 A.. fy 'Ymm lb fi<Yms where 'Ymm = yms = 1.0 

d.,=2(d-z) 

M.t = A.t fy z /yms Mt.c = b fk d., z I "(mm 

The solutions provide values ofMt,c significantly less than the code requirement, 

Mbc = 0.4 fk bd2 I "(mm 



C.l.4 Procedure 4 

Limit state analysis using design equations from BS5628 Part 2 [S.3] with a 

factorised fk (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 =ftJ 3 v ... 

The main effect is on the evaluation of the lever arm where:: 

Z = d- 1.5 A.t fy 'Ymm /b fk 'Yms 

Mt,., = b fk d., Z /3 'Y mm 
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G D Regan, 45 Cbudleigh Road, Lipson Vale, Plymouth, Devon. PL4 7HU 
Tel: 01751111733 

20May 1998 

Mr C Southcombe 
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, I hope your retirement provides you with the necessary time for such a project. 

I realise that some of the work may weU 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 ofyour thesis. 

May I take this opportunity to wish you every success. 

Yours sincerely 



SUbj: Re: Bltckwalll -rch 
Date: 81812002 12:42:42 AM GMT Daylight Time 
Fmm: AdriaJI.,p&--!IS@newcastle.edu.au 
To: CotlnSouthcombe®aol.D;~J!! 
Sent from the lnl8met ~~ 

DearColin 

The Australian codes can now be accessed from the Web at ~stan<!!IJ"!IJ;,com.a!!. 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 I can't be more helpful! 

regards 

Adrlan 

Adrlan 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 

>>> <CollnSouthcombe@aol.com> 6/B/02 10:26:00 »> 
DearAdrian 

I hope this finds you weD. You are no doubt very busyl 

Having reUred from the University of Plymouth, UK I decided ID put some time ID a Phd- "Reinforced Brickwork 
Grouted Cavity Beams". This was an area of study I sucoessfuDy pursued, with resean:hers, In the 70s and 80s -
until funding for that ran oul 

I am looldng ID have sight of the Australian code related ID relnfon:ed brickwork. Could you let me have the 
relevant lll!!fress please . . . 
Also ara you awara of any research into RB beams which was C8Jried out In Australia since the 80s? 

Regards 

CotlnSouthcombe 

Sunday, February 02, 2003 AOL: ColinSouthcombe 


