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Title Vex erm Aexp Afem
&N)  (kN)  (mm)  (mm)
2DB50 271 261 3.84 3.83
2DB70 311 289 4.45 4.06
RB90/300 270 248 8.72 7.09
CONa- 528 478 3.11 3.13
DW(C)

Table. 4. The comparison of the numerical analysis and
experimental results
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Title Acxp V&V
Vexp

2DB50 0.99 0.96
2DB70 0.91 0.93
RB90/300 0.81 0.92
CONa-DW(C) 1.01 0.90
Average 0.93 0.93

Standard 0.091 0.025

deviation

Table. 5. The average and standard deviation of

numerical analysis results
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Title of specimen Viem Ultimate Resistance due to CFRP bhf!

(kN) Displacement (kN)

(mm)

DB400-P0.5-SC-C24.8 232.28 1.13 - 0.290
DB600-P0.5-SC-C24.8 365.97 1.54 - 0.305
DB&800-P0.5-SC-C24.8 369.92 1.41 - 0.248
DB1000-P0.5-SC-C24.8 487.08 1.49 - 0.243
DB400-P0.5-S90-C24.8 244.07 1.22 11.79 0.305
DB600-P0.5-S90-C24.8 344.39 1.31 21.58 0.278
DB800-P0.5-S90-C24.8 452.36 1.57 82.44 0.283
DB1000-P0.5-S90-C24.8 541.42 1.79 54.34 0.271
DB400-P0.5-S45-C24.8 353.2 1.31 120.92 0.440
DB600-P0.5-S45-C24.8 501.63 1.97 135.66 0.418
DB800-P0.5-S45-C24.8 747.77 2.11 277.85 0.405
DB1000-P0.5-S45-C24.8 771.89 2.43 284.81 0.386
DB600-P0.5-SC-C24.8-w 266.98 1.03 - 0.222
DB800-P0.5-SC-C24.8-w 290.43 0.91 - 0.181
DB1000-P0.5-SC-C24.8-w 331.15 1.1 - 0.165
DB600-P0.5-S90-C24.8-w 342.54 1.32 75.56 0.285
DB800-P0.5-S90-C24.8-w 389.13 1.47 98.7 0.243
DB1000-P0.5-S90-C24.8-w 423.36 1.59 92.21 0.212
DB600-P0.5-S45-C24.8-w 478.02 1.65 211.04 0.398
DB800-P0.5-S45-C24.8-w 565.65 2.04 275.22 0.353
DB1000-P0.5-S45-C24.8-w 598.52 1.83 267.37 0.299

Table. 6. The numerical analysis results of specimens with shear span to effective depth ratio of 0.5
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Title of specimen Viem Ultimate displacement Resistance due to bhf!
(kN) (mm) CFRP (kN)
DB400-P1.5-SC-C24.8 147.31 333 - 0.184
DB600-P1.5-SC-C24.8-w 204.3 4.09 - 0.170
DB800-P1.5-SC-C24.8-w 220.9 4.14 - 0.138
DB1000-P1.5-SC-C24.8-w 277.75 5.27 - 0.139
DB400-P1.5-S90-C24.8 180.71 4.08 334 0.226
DB600-P1.5-S90-C24.8-w 246 5.24 41.7 0.205
DB800-P1.5-S90-C24.8-w 296.5 5.99 75.6 0.185
DB1000-P1.5-S90-C24.8-w 303.55 5.23 25.8 0.152

Table. 8. The numerical analysis results of specimens with shear span to effective depth ratio of 1.5
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Title of specimen Viem Ultimate displacement Resistance due to b.h.f!
(kN) (mm) CFRP (kN)
DB400-P1-SC-C24.8 192.15 1.96 - 0.240
DB600-P1-SC-C24.8-w 272.74 291 - 0.227
DB800-P1-SC-C24.8-w 318.92 3.29 - 0.199
DB1000-P1-SC-C24.8-w 398.02 3.38 - 0.199
DB400-P1-S90-C24.8 198.69 2.07 6.54 0.248
DB600-P1-S90-C24.8-w 291.50 2.84 18.76 0.243
DB800-P1-S90-C24.8-w 378.39 3.71 59.47 0.236
DB1000-P1-S90-C24.8-w 444.45 3.87 46.45 0.222
DB400-P1-SC-C30 203.38 1.88 - 0.212
DB600-P1-SC-C30-w 287.43 2.61 - 0.200
DB800-P1-SC-C30-w 343.68 2.60 - 0.179
DB1000-P1-SC-C30-w 428.97 4.13 - 0.179
DB400-P1-S90-C30 213.74 2.11 10.36 0.223
DB600-P1-S90-C30-w 335.59 3.09 48.16 0.233
DB800-P1-S90-C30-w 394.60 3.55 50.92 0.205
DB1000-P1-S90-C30-w 467.05 3.74 38.08 0.195
DB400-P1-SC-C35 231.71 2.18 - 0.206
DB600-P1-SC-C35-w 308.02 2.64 - 0.183
DB800-P1-SC-C35-w 369.71 2.82 - 0.165
DB1000-P1-SC-C35-w 449.22 3.63 - 0.160
DB400-P1-S90-C35 235.31 2.22 3.6 0.210
DB600-P1-S90-C35-w 347.70 3.10 39.68 0.206
DB800-P1-S90-C35-w 431.07 3.88 61.36 0.192
DB1000-P1-S90-C35-w 507.90 4.81 58.68 0.181

Table. 7. The numerical analysis results of specimens with shear span to effective depth ratio of 1
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Fig. 11. The normalized strength-depth curve of
specimens without CFRP strengthening
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Fig. 12. The normalized strength-depth curve of specimens
strengthened with 90-degree angle
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Fig. 15. The tensile damage in specimen a) DB400-P1-SC-
C24.8 and b) DB1000-P1-SC-C24.8-W

0 e Ges

500
500
100
300
200
100

0
0 0.5 1

Force (kN)
T

./' P
~ - — — - DBY00-P0.5-890-C24.8

— - — DB600-P0.5-S90-C24.8

ﬂiéplacel%ent (rﬁtﬁ)

Fig. 16. The force-displacement curve of strengthened beams
with shear span to effective depth ratio of 0.5
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Fig. 13. The normalized strength-depth curve of specimens
strengthened with 45-degree angle
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Fig. 14. The normalized strength-depth curve of beams with
shear span to effective depth ratio of 1
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Abstract:

Deep beams are members considered to have span to depth ratio less than 4. These beams are widely used in
different sorts of structures including dams, reservoirs, silos, caissons and high-rise buildings. The cracking
mode of deep beams is mainly dependent on their boundary conditions. Due to the rule of shear failure, deep
beams are designed against shear. So, strengthening and repairing these beams has always been important to
improve shear resistance. One of the applied methods is the use of CFRP fibers for repairing and strengthening
deep beams. These fibers can be fabricated in the form of strips, sheets and rebars. Due to the constructional
limitations, CFRP strips are frequently installed on the external surface of beams. For this reason, the failure
of strengthened beams coincides with debonding of CFRP strips. The former experiments indicate that
strengthening deep beams with CFRP strips is useful for improving their behavior. These experiments also
indicated that parameters including strengthening angle, shear span to depth ratio and the method of CFRP
installation can affect the strength increment due to CFRP. One of the other remarkable parameters that affects
the behavior of reinforced concrete beams is size effect. This parameter matters when the geometry of struts
and nodal zones remains slender in deep beams. To assess the intensity of size effect in deep beams, the force
strength of beam must be normalized based on the compressive strength of concrete and the beams sections
area. This study was conducted to investigate the effect of CFRP strengthening on the size effect on deep
beams. It was aimed to use explicit dynamic analysis method in Abaqus software so as to model and analyze
53 CFRP-strengthened deep beams with evaluation of previous experiments. In this method, due to the absence
of excessive iterations within each analysis step, the number of analysis steps is increased. The so-called
method is also appropriate for simulating quasi static models. To reach the purpose of study, the specimens of
three different experiments were modeled and analyzed to evaluate the assumptions of numerical modeling.
After the evaluation conditions were satisfied, 53 deep beams were modeled in Abaqus software. The
specimens were subjected to two incremental point loads and were divided into four-member groups with
depths of 400 mm, 600 mm, 800 mm and 1000 mm. The beams shear span to effective depth ratios are 0.5, 1
and 1.5; The compressive strength of concrete also varied from 24.8 MPa to 35 MPa. Since changing the width
of deep beams does not affect the intensity of size effect, the beams width was considered constant and equal
to 80 mm. The results of the study indicate that strengthening deep beams with CFRP strip or sheet is suitable
for reducing the size effect; In addition, increasing compressive strength of concrete and keeping the loading
plate constant can amplify size effect of deep beam. Increasing shear span to effective depth ratio of beam
caused the size effect to be decreased. Strengthening deep beams with both angles of 45 and 90 degrees was
appropriate for decreasing deep beams size effect.

Keywords: Deep beams, numerical modeling, Size effect, CFRP, reinforced concrete
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