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Evaluation of Ultimate Strength of Reinforced Concrete Deep
Beams Using Grid Strut-Tie Model Approach
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ABSTRACT

Recently, many design codes including ACI 318-02 recommend the use of a strut-tie model
approach for design of structural concrete with D-region(s). However, there are several unclear
problems and shortcomings in the codes’ strut-tie model approach. A grid strut-tie model
approach was proposed to resolve these problems. In this study, the ultimate strengths of 17 deep
beams, the most familiar type of D-regions, were evaluated for the validity check of the grid
strut-tie model approach. The analytical results obtained by the approach are compared with
those by the strut-tie model approach presented by CEB-FIP, AASHTO LRFD, and ACI 318-02.
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Ramirez et al”o} 98} 244 A7 1719 F2EZIYE 72L& B AgA otk AFAE AT o
fEZol H(a/d)d M FESFEDG F 1 AFAY AsSHg 2L vIHIFS HAFT g
B AFAE 1719 APAE ACI 318-02, AASHTO-LRFD, CEB-FIP A A7 1%‘5’ adx AxR &
Eg-glo] Rdg o8t FRFEFE FYHAT
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L , JAFAZ &I FAAGHZ FEAGHZ
AeA afd| fe bars E, f, |bars| E f, E, bars f, | bars | f,
ACI-1 32 | 688 | 2x10° | 420 | 243 | 2x10° |450| 2x10° | #3@152 | 450 [#3@10 | 450
A STM-1 L1 32 | 688 | 2x10° | 420 | 2#3 | 2x10° |450| 2x10° | #3@152 | 450 |#3@30| 450
STM-H| ™ 285 | 648 | 2x10° [ 420 | 243 | 2x10° [450| 2x10% | #3@152 | 450 243 450
STM-M 285 | 648 | 2x10° [ 420 | 243 | 2x10° |450) 2x10° | #3@152 | 450 - -
ACI-TT 130 35 | 1248 | 2x10° | 445 | 448 | 2x10° [445| 2x10° |2#4@140| 429 684 | 429
3:1-20 21 | 3#5 |1.86x10%| 431 | 142 | 2.01x10°|437 | 2.01x10° | 2#2@114 | 437 1#2 | 437
3:3-21 165 | 345 [1.86x10° | 431 | 1#2 [2.01x10° (437 | 2.01x10° | 262@114 | 437 | 342 | 437
3:4-22 183 | 3#5 |1.86x10°| 431 | 1#2 |2.01x10° | 437 | 2.01x 10° | 242@114 | 437 | 4#2 | 437
3:6-23 19 | 3#5 |1.86x10°| 431 | 142 | 2.01x10° | 437 | 2.01 x 10° | 2#2@114 | 437 642 | 437
B 4c1-24 1143 196 | 3#5 |1.86x10° | 431 | 1#2 | 2.01x10% | 437 | 2.01x10° | 242@83 | 437 | 142 | 437
4:3-04 185 | 3#5 |1.86x10°| 431 | 1#2 | 2.01x10° (437 | 2.01 x 10° | 2#2@101 | 437 | 3#2 | 437
4:3-28 19.2 | 345 |1.86x10°| 431 | 1#2 | 2.01x10° | 437 | 2.01x10° | 2#2@83 | 437 | 3#2 | 437
4:4-25 185 | 345 |1.86%10°| 431 | 1#2 | 2.01x10° | 437 | 2.01x 10° | 262@83 | 437 | 4#2 | 437
4:6-26 212 | 3#5 |1.86x10°| 431 | 142 |2.01x10° 437 | 2.01x10° | 262@83 | 437 | 6#2 | 437
beaml 39 g:g fgg:g: ggg 248 | 203%10° | 276 | 2.07x10° | 243@133 | 345 | - | -
C | beam3 |215| 427 gg 322:85 ggg 248 | 2.03x10°| 276 | 207x10° | 2#3@133| 345 | - | -
beam10 31 gﬁg ijg:igs 223;1 248 {1.93x10° 234 | 217x10° | 243@133 | 345 | - | -

w©9): f.(MPa), E,(MPa), ), f,(MPa), length(mm)
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A8 a5 () Pt/ Prest
Grow | =A% N ACI 318-02 | AASHTO-LRFD | CEB-FIP |2 ~E3-elo] Zauhy

ACI-1 1357(D)* 0.7149) 071D 0.34(s) 0.79(f)

A STM-I 1134() 0.85(1) 0.85(f) 0.41(s) 0.94(f)
STM-H 1285(s) 0.77(F) 0.77(H) 0.37(s) 0.74(s)
STM-M 1277(s) 0.77(5) 0.77() 0.19(s) 0.75(s)
ACITI 1578(s) 0.96(s) 0.96(s) 0.77(s) 0.90(s)

3c1-20 281 6(s) 0.38(s) 0.37(s) 0.35(s) 0.80(s)

3c3-21 250.0(s) 0.34(s) 0.34(s) 0.32(s) 0.81(s)

3c4-22 255.3(s) 0.37(s) 0.36(s) 0.34(s) 0.88(s)

5 3c6-23 274.4(s) 0.35(s) 0.35(s) 0.33(s) 0.83(s)
4c1-24 293.1(s) 0.34(s) 0.34(s) 0.32(s) 0.83(s)

4c3-04 257.1(s) 0.37(s) 0.37(s) 0.34(s) 0.88(s)

4c3-28 304.7(s) 032(s) 0.32(s) 0.30(s) 0.78(s)

4c4-25 305.1(s) 0.31(s) 0.31(s) 0.29(s) 0.75(s)

4c6-26 318.9(s) 0.34(s) 0.33(s) 0.31(s) 0.82(s)
Beamn 1 474.6(s) 0.82(f) 0.74(D) 0.74(9) 0.89(f+s)

c Beam 3 511.1(s) 0.82(f) 0.74(1) 0.74(%) 0.7(s)
Beam 10 386.5(s) 0.8L(H) 0.71(H) 0.75(5) 0.96(s)

E 7 057 055 0.42 0.83

¥ = W X 0.25 0.23 0.19 0.07

* () =97 2= f = flexure failure, s = shear failure
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