
Application of Data-Driven Modeling Techniques for Predicting the 

Shear Strength of Reinforced Concrete Beams 

 

Fatima Khalid1*, Milad Razbin2, Shamsoon Fareed1, S.F.A Rafeeqi1 

1Department of Civil Engineering, NED University of Engineering and Technology, Karachi, Pakistan. 

2Department of Textile Engineering, Amirkabir University of Technology, Tehran, Iran 

 

 

 

Supplementary Information Overview 

Table S1: Experimental studies used to compile the reinforced concrete beam database and the 

corresponding number of specimens contributed by each reference. 

Tables S2. Empirical shear-strength prediction equations and their applicability limits for reinforced 

concrete beams collected from the literature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1: Experimental studies used to compile the reinforced concrete beam database and the 

corresponding number of specimens contributed by each reference. 

Authors Research Paper Data Points 

Richart [1]  Richart, F.E., “Reinforced Concrete Wall and 

Column Footings,” Journal of the American 

Concrete Institute Proceedings, Vol. 45, Part 1, No. 

10, Oct. 1948, pp. 97-127, Part 2, No. 11, Nov. 

1948, pp. 237-260. 

12 

Laupa & Seiss [2] Laupa, A., Siess, C.P., and Newmark, N.M., “The 

Shear Strength of Simple-Span Reinforced Concrete 

Beams without Web Reinforcement,” Engineering 

Experimental Station Bulletin No. 428, University of 

Illinois, 1953. 

16 

Ferguson & 

Thompson [3] 
Ferguson, P.M., Thompson, N.J., “Diagonal Tension 

in T-Beams Without Stirrups,” ACI Journal, 

Proceedings, V. 49, No. 3, March 1953, pp. 665-675. 

24 

Moody Viest 

Elstner & 

Hognestad Part I 

[4] 

Moody, K.G., Viest, I.M., Elstner, R.C., and 

Hognestad, E., “Shear Strength of Reinforced 

Concrete Beams Part 1 -Tests of Simple Beams,” 

ACI Journal, Proceedings, V. 51, No. 12, Dec. 1954, 

pp. 317-332. 

40 

 

Ferguson [5] Ferguson, P.M., “Some Implications of Recent 

Diagonal Tension Tests,” ACI Journal, Proceedings, 

V. 53, No. 8, Aug. 1956, pp. 157-172. 

4 

Moody Viest 

Elstner & 

Hognestad Part II 

[6] 

Moody, K.G., Viest, I.M., Elstner, R.C., and 

Hognestad, E., “Shear Strength of Reinforced 

Concrete Beams Part 2-Tests of Restrained Beams 

Without Web Reinforcement,” ACI Journal, 

Proceedings, V. 51, No. 1, Jan. 1955, pp. 417-434. 

61 

Morrow & Viest 

[7] 
Morrow, J., and Viest, I.M., “Shear Strength of 

Reinforced Concrete Frame Members Without Web 

Reinforcement,” ACI Journal Proceedings, V. 53, 

No. 3, March 1957, pp. 833-869. 

38 

Al-Alusi [8]  Al-Alusi, A.F., “Diagonal Tension Strength of 

Reinforced Concrete T-Beams with Varying Shear 

Span,” ACI Journal, Proceedings, V. 53. No. 5, May 

1957, pp. 1067-1077. 

25 

Chang & Kesler [9] Chang, T.S., and Kesler, C.E., “Static and Fatigue 

Strength in Shear of Beams with Tensile 

Reinforcement,” ACI Journal Proceedings, V. 54, 

No. 6, June 1958, pp. 1033-1057. 

25 

Watstein & Mathey 

[10] 
Watstein, D., and Mathey, R.C., “Strains in Beams 

Having Diagonal Crack,” ACI Journal Proceedings, 

V. 55, No. 12, Dec. 1958, pp. 717-728. 

9 

Rodriguez 

Bianchini Viest 

Kesler [11] 

Rodriguez, J.J., Bianchini, A.C., Viest, I.M., Kesler, 

C.E., “Shear Strength of Two-Span Continous 

Reinforced Concrete Beams,” ACI Journal 

Proceedings, V.55, No. 4, April 1959, pp. 1089-1130 

15 



Baldwin & Viest 

[12] 
Baldwin, J.W., and Viest, I.M., “Effect of Axial 

Compression on the Shear Strength of Reinforced 

Concrete Frame Members,” ACI Journal 

Proceedings, V. 55, No. 11, Nov. 1958, pp. 635-654. 

2 

Sozen Zwoyer and 

Siess [13] 
Sozen, M.A., Zwoyer, E.M., Siess, C.P., 

“Investigation of Prestressed Reinforced Concrete 

for Highway Bridges. Part 1: Strength in Shear of 

Beams without Web Reinforcement,” Engineering 

Experimental Station Bulletin No. 452, University of 

Illinois, 1959. 

11 

De Cossio & Siess 

[14]  
de Cossio, R.D., Seiss, C.P., “Behavior and Strength 

in Shear of Beams and Frames Without Web 

Reinforcement,” ACI Journal Proceedings, V. 56, 

No. 2, Feb 1960, pp. 695-736. 

2 

Bower & Viest [15] Bower, and Viest, I.M. “Shear Strength of 

Restrained Concrete Beams Without Web 

Reinforcement,” ACI Journal Proceedings, V. 57. 

No. 7, Aug. 1960, pp. 73-98. 

34 

Guralnick [16] Guralnick, S.A., "High strength deformed steel bars 

for concrete reinforcement," ACI Journal, 

Proceedings, V. 57 No. 3, Sept 1960, pp. 242-282. 

4 

Hanson [17]  Hanson, J.W., “Tensile Strength and Diagonal 

Tension Resistance of Structural Lightweight 

Concrete,” ACI Journal Proceedings, V. 58, No. 7, 

July 1961, pp. 1-40. 

21 

Leonhardt & 

Walth-er [18] 
Leonhardt, F., and Walther, R., “The Stuttgart Shear 

Tests 1961,” A translation of the articles that 

appeared in Beton und Stahlbetonbau, V.56, No. 12, 

1961 and V.57, No.2,3,6,7 and 8, 1962, Cement and 

Concrete Association Library Translation No. 111 

60 

De Cossio [19]  de Cossio, R.D., “Discussion to 326 Report,” ACI 

Journal Proceedings, V. 59 No. 11, Oct 1962, pp. 

1323-1349. 

 

Rusch Haugli [20] Rusch, M., Haugli, O., and Mayer, M., 

“Schubversuche an Stahlbeton-Rechteckbalken mit 

gleichmäkig verteilter Belastung,” (in German) 

Deutcher Ausschuss fur Stahlbeton, Berlin, 1962, 

pp. 4-30 

3 

Bresler & Scordelis 

[21] 
Bresler B., and Scordelis, A.C., “Shear Strength of 

Reinforced Concrete Beams,” ACI Journal, 

Proceedings, V. 60, No. 1, Jan. 1963, pp. 51-74. 

3 

Watstein & Mathey 

[22] 
Mathey, R.G., Watstein, D., “Shear Strength of 

Beams Without Web Reinforcement Containing 

Deformed Bars of Different Yield Strengths,” ACI 

Journal Proceedings, V. 60, No. 2, Feb. 1963, pp. 

183-208. 

9 

De Paiva [23]  de Paiva, H.A.R., and Siess, C.P., “Strength and 

Behavior of Deep Beams,” ASCE Structural Journal, 

V. 91, No. ST5, 1965, pp. 19-41. 

11 



Krefeld & Thurston 

[24] 
Krefeld, W.J., and Thurston, C.W., “Studies of the 

Shear and Diagonal Tension Strength of Simply 

Supported Reinforced Concrete Beams,” ACI 

Journal, Proceedings, V. 63, No. 4, April 1966, pp. 

451-476. 

166 

Baron, Mark J [25] Baron MJ. Shear strength of reinforced concrete 
beams at points of bar cutoff. InJournal Proceedings 
1966 Jan 1 (Vol. 63, No. 1, pp. 127-134). 

3 

Kani [26] Kani, M.W., Huggins, M.W. and Wittkopp, R.R. 

“Kani on Shear in Reinforced Concrete,” University 

of Toronto Press, Toronto, Canada, 1979, 225pp. 

368 

Rajagopalan & 

Ferguson [27] 
Rajagopalan, K.S., and Ferguson, P.M., 

“Exploratory Shear Tests Emphasizing Percentage of 

Lightweight Steel,” ACI Journal Proceedings, V. 65, 

No. 8, August 1968, pp. 634-638. 

12 

Bhal [28] Bhal, N.S., “Über den Einfluss der Balkenhöhe auf 

die Schubtragfähigkeit von einfeldrigen 

Stahlbetonbalken mit und ohne Schubbewehrung,” 

(in German) Ph.D. Thesis, Stuttgart University, 

1967, 125 pp. 

8 

Taylor [29] Taylor, H.P.J., “Shear Stresses in Reinforced 

Concrete Beams without Shear Reinforcement,” 

Cement and Concrete Association, Technical Report 

TRA 407, Wexham Springs, United Kingdom, 1968 

7 

Mattock [30]  Mattock, A.H., “Diagonal Tension cracking in 

Concrete Beams with Axial Forces,” ASCE Journal 

of the Structural Division, V. 95, No. ST9, Sept. 

1969, pp. 1887-1900. 

7 

Swamy, R.N. et al. 

[31]  
Swamy, R.N., Andriopoulos, A., Adepegba, D., 

"Arch action and bond in concrete shear failures," 

ASCE Journal of Structural Engineering, Vol. 96, 

No. ST6, June 1970, pp. 1069-1091 

4 

Placas & Regan 

[32]  
Placas A., and Regan, P.E., “Shear Failure of 

Reinforced Concrete Beams,” ACI Journal 

Proceedings, V. 68, No. 10, Oct. 1971, pp. 763-773. 

7 

Manuel, Slight and 

Suter [33] 
Manuel, R.F., Slight, B.W., and Suter, G.T. “Deep 

Beam Behavior Affected by Length and Shear Span 

variations,” ACI Journal, Proceedings, V.68, No. 12, 

Dec. 1971, pp. 954-958. 

12 

Batson, Jekins and 

Spatney [34] 
Batson, G., Jenkins, E., and Spatney, R. “Steel 

Fibers as Shear Reinforcement in Beams,” ACI 

Journal, Proceedings, V. 69, No. 10, Oct. 1972, pp. 

640-644. 

3 

Haddadin, Hong, 

Mattock [35] 
Haddadin, M.J., Hong, S.T., Mattock, A.H., “Stirrup 

Effectiveness in Reinforced Concrete Beams with 

Axial Force,” Journal of the Structural Division, 

ASCE, V. 97, No. ST9, Sept. 1971, pp. 2277-2297. 

2 

Smith, R.B.L [36] Smith, R.B.L., "Shear reinforcement of reinforced 

concrete beams subject to distributed loading," 

3 



Magazine of Concrete Research, Vol. 22, No. 70, 

March 1970, pp. 17-24 
Taylor [37] Taylor, H.P.J, “Shear Strength of Large Beams,” 

Journal of the Structural Division, ASCE, Vol98. 

No. ST11, Nov 1972, pp. 2473-2489. 

15 

Aster & Koch [38] Aster, H., and Koch, R., “Schubträgfahigkeit dicker 

Stahlbetonplatte,” (in German) Bewton und 

Stahlbetonbau, Nov. 1974, pp 

9 

Manuel, R.F. [39] Manuel, R.F., "Failure of Deep Beams," ACI Special 

publication 42: 1974, pp. 425-440 
12 

Cederwall [40] Cederwall, K., Hedman, O., and Loeberg, A., “Shear 

Strength of Partially Prestressed Beams with 

Pretensioned Reinforcement of High Grade 

Deformed Bars,” ACI Special Publication SP-42. 

Jan 1974, pp. 215-230. 

19 

Hamadi & Regan 

[41] 
Hamadi, Y.D., and Regan, P.E., “Behavior in shear 

of beams with flexural cracks,” Magazine of 

Concrete Research, V. 32, No. 1, 1980, pp. 67-77. 

3 

Marti, Pralong, [42] Marti, P., Pralong, J., Thurlimann, B., 

“Schubversuche an Stahlbeton-Platten” (in German) 

Institut für Baustatik und Konstruktion, ETH Zürich, 

Bericht No. 7305-2, Sept. 1977, 123 pp. 

1 

Reineck, Koch [43] Reineck, K.-H., Koch, R., Schlaich, J., “Shear Tests 

on Reinforced concrete beams with axial 

compression for offshore structures,” Institut für 

Massivbau, Universität Stuttgart 1978 

4 

Taylor, M.A. [44] Taylor, M. A., El-Hammasi, S., "Web cracking 

behaviour of beams using welded wire fabric as 

shear reinforcement," ACI Journal, Proceedings, 

Jan-Feb 1980, pp. 12-17 

1 

Palaskas, Attiogbe 

and Darwin [45] 
Palaskas, M.N., Attiogbe, E.K., Darwin, D., “Shear 

Strength of Lightly Reinforced T-Beams,” ACI 

Journal Proceedings, V. 78, No. 6, Nov. 1981, pp. 

447-455. 

4 

Nakazawa, T., [46] Nakazawa, T., "The behavior of reinforced concrete 

beams subjected to bending and shear," Transactions 

of the Japan Concrete Institute, Vol. 2, 1980, pp. 

211-216. 

28 

Fukuhara, M., [47] Fukuhara, M., Kokusho, S., "Ultimate shear strength 

of reinforced concrete beams with high tension shear 

reinforcement," Transactions of the Japan Concrete 

Institute, Vol. 2, 1980, pp. 255-262. 

6 

Chana [48]  Chana, P.S., “Some aspects of modelling the 

behaviour of reinforced concrete under shear 

loading,” Cement and Concrete Association 

Technical Report No. 543. C&CA, Wexham 

Springs, United Kingdom, July 1981, 22 pp. 

36 

Niwa, J., Maekawa 

[49]  
Niwa, J., Maekawa, K, and Okamura, H., "Non-

linear Finite Element Analysis of Deep Beams," in 

Advanced Mechanics of Reinforced Concrete, 

8 



IABSE Colloqium Delft Netherlands, 1981, pp. 625-

638 
Batchelor [50] Batchelor, B. d., Kwun, M., "Shear in RC Beams 

without web reinforcement," ASCE Journal of 

Structural Engineering, Vol. 107, No. ST5, May 

1981, pp 907-921. 

6 

Smith and Vantsiot 

[51] 
Smith, K.N., and Vantsiotis, A.S., “Shear Strength of 

Deep Beams, “ACI Journal Proceedings, V. 79, No. 

3, May 1982, pp. 201-213. 

5 

Heger [52] Heger, F.J., and McGrath, T.J., "Design Method for 

Reinforced Concrete Pipe and Box Sections," 

Simpson, Gumpertz & Heger Inc, 1982, 251 pp. 

12 

Mphonde & Frantz 

[53] 
Mphonde, A.G., and Frantz, G.C., “Shear Tests of 

High- and Low-Strength Concrete Beams with 

Stirrups,” ACI Special Publication, SP-87, Sept. 

1985, pp. 179-196. 

19 

Elzanaty [54] Elzanaty, A.H., Nilson, A.H., and Slate, F.O., “Shear 

Capacity of Reinforced Concrete Beams Using 

High-Strength Concrete,” ACI Journal Proceedings, 

V. 83, No. 2, March 1986, pp. 290-296. 

15 

Kung [55] Kung, R., “Ein Beitrag zur Schubsicherung im 

Stahlbetonbau.” (in German) 1985. 
5 

Rogowsky [56]  Rogowsky, D.M., and MacGregor, J.G., “Tests of 

Reinforced Concrete Deep Beams,” ACI Journal, 

Proceedings, V. 83, No. 4, July 1986, pp. 614-623. 

4 

Muruyama [57] Muruyama, Y., Iwabuchi, A., "Flexural and shear 

strength of reinforced high-strength lightweight 

concrete beams," Transactions of the Japan Concrete 

Institute, Vol. 8, 1986, pp. 267-274 

14 

Mansur [58] Mansur, M.A., Ong, K.C.G., Paramasivam, P., 

"Shear strength of firbrous concrete beams without 

stirrups," ASCE Journal of Structural Engineering, 

Vol. 112, No. 9, Sept 1986, pp. 2066-2079. 

4 

Ahmad & Lue [59] Ahmad, A.H., and Lue, D.M., “Flexure-Shear 

Interaction of Reinforced High Strength Concrete 

Beams,” ACI Journal, Proceedings, V. 84, No. 4, 

July 1987, pp. 330-341. 

53 

Ahmad & Lue [59] Ahmad, A.H., and Lue, D.M., “Flexure-Shear 

Interaction of Reinforced High Strength Concrete 

Beams,” ACI Journal, Proceedings, V. 84, No. 4, 

July 1987, pp. 330-341. 

3 

Rodrigues and 

Darwin [60] 
Rodriguez, C.P., and Darwin, D., “Shear Strength of 

Lightly Reinforced T-Beams in Negative Bending,” 

ACI Journal Proceedings, V. 84, No. 1, Jan. 1987, 

pp. 77-85. 

2 

Lehwalter [61] Lehwalter, N., “Die Tragfahigkeit von 

Betondruckstreben in Fachwerkmodellen am 

Beispiel von dedrungenen Balken,” (in German), 

Dr.-Ing. Dissertation, Darmstadt 1988. 

10 



Regan & Rezai-

Jorabi [62] 
Regan P.E., Rezai-Jorabi, H., “Shear Resistance of 

One-Way Slabs Under Concentrated Loads,” ACI 

Structural Journal, V. 85, No. 2, March 1987, pp. 

150-157. 

23 

Johnson & Ramirez 

[63] 
Johnson, M.K., and Ramirez, J.A., “Minimum Shear 

Reinforcement in Beams With Higher Strength 

Concrete,” ACI Structural Journal, V. 86, No. 4, July 

1989, pp. 376-382. 

1 

Shioya [64] Shioya, T. “Shear Properties of Large Reinforced 

Concrete Member,” Special Report of Institute of 

Technology, Shimizu Corporation, No. 25, 1989, 

198 pp. (in Japanese) 

15 

Shioya [64] Shioya, T., Iguro, M., Nojiri, Y., Akiyama, H., and 

Okada, T., “Shear Strength of Large Reinforced 

Concrete Beams. Fracture Mechanics: Application to 

Concrete,” SP 118, American Concrete Institute, 

Detroit, 1989, 309 pp. 

5 

Adebar & Collins 

[65]  
Adebar P.E., and Collins, M.P., “Shear strength of 

members without transverse reinforcement,” 

Canadian Journal of Civil Engineering, V. 23, No. 1, 

Feb. 1996, pp. 30-41. 

6 

Thorenfeldt [66] Thorenfeldt, E., Drangshold, G., “Shear Capacity of 

Reinforced High-Strength Concrete Beams,” ACI 

Special Publication, SP-121, Nov. 1990, pp. 129-

154. 

47 

Bazant & Kazemi 

[67] 
Bazant, Z.P., and Kazemi, M. T., “Size Effect on 

Diagonal Shear Failure of Beams Without Stirrups,” 

ACI Structural Journal, V. 88, No. 3, May 1991, pp. 

268-276. 

18 

Remmel [68] Remmel, G., “Influence of the tensile behavior on 

the shear strength of longitudinally reinforced 

concrete members,” Darmstadt Concrete Annual, 7, 

1991. 

7 

Tan [69] Tan, K.H., Murugappan, K., and Paramasivam, P., 

"Shear behaviour of steel fibre reinforced beams," 

ACI Structural Journal, Vol. 90, No. 1, Jan-Feb. 

1993, pp. 3-11. 

2 

Tan, K.H., 

Murugap [69]  
Tan, K.H., and Mansur, M.A., "Partial Prestressing 

in Corbels and deep beams," ACI Structural Journal, 

Vol. 89, No. 3, May-June 1992, pp. 251-262. 

5 

Xie [70] Xie, Y., Ahmad, S.H., Yu, T., Hino, S., and Chung, 

W., “Shear Ductility of Reinforced Concrete Beams 

of Normal and High-Strength Concrete,” ACI 

Structural Journal, V. 91, No. 2, March 1994, pp. 

140-149. 

6 

Walraven & Lehwa 

[71] 
Walraven, J., Lehwalter, N., “Size Effects in Short 

Beams Loaded in Shear,” ACI Structural Journal, V. 

91, No. 5, Sept. 1994, pp. 585-593. 

2 

Hallgren [72] Hallgren, M., “Flexural and Shear Capacity of 

Reinforced High-strength Concrete Beams without 

19 



Stirrups,” Licentiate degree, Royal Institute of 

Technology, Stockholm, Sweden, 1994. 
Scholtz [73] Scholtz, H., “Ein Querkrafttragmodell fürBauteile 

onhe Schubbewehrung im Bruchzustand aus 

normalfestem und hochfestem Beton,” (in German), 

1994. 

3 

Kim [74] Kim, J.-K., and Park. Y.D., "Shear strength of 

reinforced high strength concrete beams without web 

reinforcement," Magazine of Concrete Research, 

Vol. 46, No. 166, Mar 1994, pp. 7-16. 

20 

Matsui [75] Matsui, Y., Kurihara, N., Uchida, Y., Rokugo, K., 

Koyangi, W., "Shear capacity of rienforced high 

strength concrete beams without shear 

reinforcement," Transactions of the Japan Concrete 

Institute, Vol. 17, 1995, pp. 319-326. 

20 

Yoon, Cook [76] Yoon, Y.-S., Cook, W.D., Mitchell, D., “Minimum 

Shear Reinforcement in Normal, Medium, and High-

Strength Concrete Beams,” ACI Structural Journal, 

V. 93, No. 5, Oct 1996, pp. 576-584. 

3 

Hallgren [77] Hallgren, M., “Punching shear capacity of reinforced 

high strength concrete slabs,” Doctoral Thesis, 

Royal Institute of Technology (KTH) Stockholm, 

Sweden, 1996. 

3 

Tan [78] Tan, K.H., Kong, F., Teng, S., and Weng, L., “Effect 

of Web Reinforcement on High-Strength Concrete 

Deep Beams,” ACI Structural Journal, V. 94, No. 5, 

Sept. 1997, pp. 572-582. 

2 

konig, Grimm & 

Remmel [79] 
Konig, G., Grimm, R., and Remmel, G., “Shear 

Behaviour of Longitudinally Reinforced Concrete 

Members of HSC,” Darmstadt Concrete, Vol 8, 

1993, pp. 27-42. 

10 

Kawano & 

Wantanabe [80] 
Kawano, H., Watanabe, H., “Shear Strength of 

Reinforced Concrete Columns – Effect of Specimen 

Size and Load Reversal.” Proceedings of the Second 

Italy-Japan Workshop on Seismic Design and 

Retrofit of Bridges, Feb 1997, Rome, Italy. 

8 

Kuchma & Collins 

[81] 
Collins, M.P., Kuchma, D., “How Safe Are Our 

Large, Lightly Reinforced Concrete Beams, Slabs, 

and Footings?” ACI Structural Journal, V.96, No. 4, 

July 1999, pp. 482-490. 

12 

Yoshida [82] Yoshida, Y., “Shear reinforcement for large lightly 

reinforced concrete members,” Masters Thesis, 

Department of Civil Engineering, University of 

Toronto, 1998, 160 pp. 

1 

Ghannoum [83] Ghannoum, W.M., “Size effect on Shear Strength of 

Reinforced Concree Beams,” M.Eng. Thesis, 

Department of Civil Engineering and Applied 

Mechanics, McGill University, 1998, 115 pp. 

16 

Islam [84] Islam, M.S., Pam, H.J., Kwan, A.K.H., “Shear 

Capacity of High-Strength Concrete Beams with 

25 



Their Point of Inflection within The Shear Span,” 

Proc of Inst of Civil Engr-Struct & Bldgs, V.128, 

Feb. 1998, pp. 91-99. 
Kulkarni [85] Kulkarni, S.M. and Shah, S.P., “Response of 

Reinforced Concrete Beams at High Strain Rates,” 

ACI Structural Journal, V. 95, No. 6, Nov. 1998, pp. 

705-715. 

3 

Shin [86] Shin, S.-W., Lee, K.-S., Moon, J.-I., Ghosh, S.K., 

“Shear Strength of Reinforced High-Strength 

Concrete Beams with Shear Span-to-Depth Ratios 

between 1.5 and 2.5,” ACI Structural Journal, V. 96, 

No. 4, July 1999, pp. 549-556. 

6 

Tan and Lu [87] Tan, K.H., and Lu, H.Y., “Shear Behavior of Large 

Reinforced Concrete Deep Beams and Code 

Comparisons,” ACI Structural Journal, V. 96, No. 5, 

Sept.-Oct. 1999, pp. 836-945. 

3 

Kim & Kim & 

White [88] 
Kim, D., Kim, W., and White, R.N. “Arch Action in 

Reinforced Concrete Beams—A Rational Prediction 

of Shear Strength”, ACI Structural Journal, V. 96, 

No. 4, July 1999, pp. 586-593. 

5 

Pendyala and 

Mendis [89] 
Pendyala, R.S., and Mendis, P., “Experimental Study 

on Shear Strength of High-Strength Concrete 

Beams,” ACI Structural Journal, V. 97, No. 4, July 

2000, pp. 564-571. 

6 

Adebar [90] Adebar, P., “One way shear strength of large 

footings,” Canadian Journal of Civil Engineering, 

Vol. 27, No. 3, June 2000, pp. 553-562. 

19 

Angelakos [91] Angelakos, D., Bentz, E.C., and Collins, M.P., “ 

Effect of Concrete Strength and Minimum Stirrups 

on Shear Strength of Large Members”, ACI 

Structural Journal, V. 98, No. 3, May-June 2001, pp. 

290-300. 

7 

Cao [92] Cao, S., “Size effect and the influence of 

longitudinal reinforcement on the shear response of 

large reinforced concrete members,” Masters thesis, 

Department of Civil Engineering, University of 

Toronto, 2001. 

2 

Oh and Shin [93] Oh, J.-K. and Shin, S.-W., “Shear Strength of 

Reinforced High-Strength Concrete Deep Beams,” 

ACI Structural Journal, V. 98, No. 2, March 2001, 

pp. 164-173. 

5 

Yost [94] Yost, J. R., Gross, S. P., and Dinehart, D. W. (2001). 

"Shear Strength of Normal Strength Concrete Beams 

Reinforced with Deformed GFRP Bars." J. Compos. 

Constr., 5(4), 268-275. 

3 

Tariq [95] Tariq, M., and Newhook, J.P. (2003). "Shear testing 

of FRP reinforced concrete without transverse 

reinforcement." Annual Conference of the Canadian 

Society for Civil Engineering, Moncton, Canada, 

GCF-340-1-GCF340-10. 

6 



Cladera [96] Cladera, A., Mari., A.R., “Experimental study on 

high-strength concrete beams failing in shear,” 

Engineering Structures, V. 27, No. 10, Aug. 2005, 

pp. 1519-1527. 

4 

Lertsrisakulrat [97] Lertsrisakulrat, T., Yanagawa, A., Matsuo, M., 

Niwa, J., "Concept of concrete compressive fracture 

energy in RC deep beams without transverse 

reinforcement," Transactions of the Japan Concrete 

Institute, Vol. 23, 2002, pp. 119-124. 

3 

Yang [98] Yang, K.-H., Chung, H.-S., Lee, E.-T., Eun, H.-C., 

“Shear characteristics of high-strength concrete deep 

beams without shear reinforcements,” Engineering 

Structures, V. 25, No. 10, Aug. 2003, pp. 1343-1352. 

21 

Lubell [99] Lubell, A., Sherwood, T., Bentz, E. C., and Collins, 

M. P., “Safe Shear Design of Large, Wide Beams,” 

Concrete International, Vol. 26, No. 1, Jan. 2004, pp. 

66-78. 

1 

Rahal [100] Rahal, K.N., Al-Shaleh, K.S., “Minimum Transverse 

Reinforcement in 65 MPa Concrete Beams,” ACI 

Structural Journal, V. 101, No. 6, Nov. 2004, pp. 

872-878. 

2 

Higgins [101] Higgins, C., Miller, T.H., Rosowsky, D.V., Yim, 

S.C., Potisuk,T., Daniels,T.K., Nicholas, B.S., 

Robelo, M.J., Lee, A.Y. and Forrest, R.W., 

“Assessment Methodology for Diagonally Cracked 

Reinforced Concrete Deck Girders” 

1 

Sherwood [102] Sherwood, E.G., Lubell, A.S., Bentz, E.C., Collins, 

M.P., “One-Way Shear Strength of Thick Slabs and 

Wide Beams,” ACI Structural Journal, V. 103, No. 

6, Nov. 2006, pp. 794-802. 

9 

Bentz [103] Bentz, E.C, Buckley, S., “Repeating a Classic Set of 

Experiments on Size Effect in Shear of Members 

without Stirrups,” ACI Structural Journal, V. 102, 

No. 6, Nov. 2005, pp. 832-838. 

9 

El-Sayed [104] El-Sayed, A., El-Salakawy, E. and Benmokrane, B. 

(2005). "Analytical Modeling of FRP-Reinforced 

Concrete Beams Failed in Shear." 1st CSCE 

Specialyt Conference on Infrastructure 

Technologies, Manament and Policy, Toronto, 

Canada, FR-127-1-FR-127-10. 

4 

Lubell [99] Lubell, A.S., “Shear in wide reinforced concrete 

members,” PhD thesis, Department of Civil 

Engineering, University of Toronto, 2006, 455 pp. 

7 

Guadagnini [105] Guadagnini, M., Pilakoutas, K., and Waldron, P., 

"Shear resistance of FRP RC Beams: Experimental 

study," Journal of composites for construction, Nov-

Dec 2006, pp. 464-473. 

3 

Brown & Bayrak 

[106] 
Brown, M.D., Bayrak, O., and Jirsa, J.O., “Design 

for shear based on loading conditions,” ACI 

4 



Structural Journal, V. 103, No. 4, July-Aug. 2006, 

pp. 541-550. 
Uzel [107] Uzel, A., Stanik, B., Bentz, E.C., and Collins, M.P., 

“Design of Large Footings for One-Way Shear,” 

Submitted to ACI Structural Journal, November 

2006. 

14 

Sherwood [108] Sherwood, E.G., Bentz, E.C., and Collins, M.P., 

“Effect of Aggregate Size on Beam-Shear Strength 

of Thick Slabs,” ACI Structural Journal, V. 104, No. 

2, Mar. 2007, pp. 180-190. 

19 

Reis [109] Seliem, H., Hosny, A., Dwairi, H., Rizkalla, S., 

“Shear behavior of concrete beams reinforced with 

MMFX steel without web reinforcement,” NC State 

University Final Report, Project No. IS-06-08, April 

2006, 21 pp. 

6 

Tureyen [110] Tureyen, A.K., and Frosch, R.J. “Shear tests of FRP-

reinforced concrete beams without stirrups,” ACI 

Structural Journal, V.99, No. 4, July 2002, pp. 427-

434. 

3 

Daejoong Kim 

[88],  
Daejoong Kim, Woo Kim, and Richard N. 

WhiteArch Action in Reinforced Concrete Beams—

A Rational Prediction of Shear Strength, ACI 

Structural Journal, V. 96, No. 4, July-August 1999. 

pp 586- 595 

8 

ATTA ULLAH 

SHAH [111] 
Attaullah Shah, PhD Thesis, EVALUATION OF 

SHEAR STRENGTH OF HIGH STRENGTH 

CONCRETE BEAMS, University of Engineering & 

Technology Taxila-Pakistan June 2009 

35 

Elahi [112] Elahi A. Effect of reinforcement ratio and shear span 
on shear strength of high-strength concrete 
beams (Doctoral dissertation, Taxila University). 

55 

 

 

 

 

 

Tables S2. Empirical shear-strength prediction equations and their applicability limits for reinforced 

concrete beams collected from the literature. 

Author’s Empirical Equation’s Limits 
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