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ABSTRACT

Recently, Appendix A of ACI 318-02 Code introduced the Strut-and-Tie Model(STM) procedure in shear design
of deep flexural members. The STM procedure is widely used in the design of concrete regions where the
distribution of longitudinal strains is significantly nonlinear, such as deep beams, beams with large openings,
corbels, and dapped-end beams. Experimental study included five high-strength reinforced concrete deep beams
with different detailing schemes for the horizontal and vertical reinforcement. The specimens were designed as
simply supported beams subjected to concentrated loads on the top face and supported on the bottom face. At
failure, all specimen exhibited primary diagonal crack running from the support region to the point load. Specimens
which had mechanical anchorages(terminators) gives better representation of the load-carrying mechanism than the
specimen had standard 90-degree anchorage at failure in deep flexural members. Based on the test results, shear
design procedures contained in the ACI 318-99 Code, Appendix A of the ACI 318-02 Code, CSA A23.3-94 Code
and CIRIA Guide-2 were evaluated. The Shear design of ACI 318-99 Code, Appendix A of the ACI 318-02 Code
and CIRIA Guide-2 shown to be conservative predictions from 10% to 36% in the shear strength of the
single-span deep beam which was tested. ACI 318-99 Code was the lowest standard deviation.

Keywords : high-strength concrete, deep beam, shear strength, strut—and-tie model, mechanical anchorage
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Table 1 Details of experimental deep beams

Main flexural steel Shear reinforcement
Specimen | b, (mm) h o Jy a/h
v {mm) | (MPa) | (MPa) ps (%) A, pr (%) S Py (%) S,
AlOFF 0.8 11 0.8 11
HI10FF 0.8 11 0.8 11
HI10FN 160 60 50 400 1 0.89 8.61 0.8 11 0 0
HIONF 0 0.8 11
HI1ONN 0 0 0
H10F
\I\—Verﬁcal web steel ratioi.Nf :Osy:E).O), F( 05=0.008) (a/h)e 712 T4 Zﬂ?_}‘,‘_ 5 . 3 Ak §
Horizontal web steel ratio :N(2,=0.0), F(p,=0.008) SA0] HHE oA AgAdHE 12 S}, oA 2e)
Shear span to overall height ratio : 10( &/ k=1.0) R = 350 5L 2 o]n
Anchorage of main flexural steel : A(Anchored bars), A 7 ]T': %_13] =y EHXIGE T oM™ %IH B}\]'
H(Headed bars) o ZIAARA WHE AL HFig. 432). ANEA
ALOFF= 7144 AR v g 3] fste] ACI
2 QDA a7b el wel € 0] ksl f, = 318-997)% 9] Ao} B2L TS AL} A8
Zhagtt o] el ~E"e ARAAE slex2E g FAlE Table 13 o0 wlZA A= Fig. 13 72t}
o7} B2 SEUSSEe UHor 0.85f,/Fe ZAZE WiPAEE dukdog Ha53 gl 1%
A3 5 QAT AEYY] SEAHE Eolg} uAHnE ZAYER A3}, Table 29 2tk
Qgeole] WHER Qsto] 58 do) Zadi
32 Algu
3.4 #
AgAE FhEel 200kN £ FRUEAH|S
31 AlgH A s, BRel 24 HESE e e 2m)
B2 H-300x350x12x19 374 dAstx, 85 718
AEA AL 2e He) AuZEd nAE F8 He I XA AgA ] Ay E WA E7] sk Hof
% FAEI(p,), FHEAIN(p)E D8] 17 59 2 Zg o] E(140x160xTH0)S Ax|akat). AgAle] 2z 1
ol 574e] FHE A&ttt FAFHEL DI19-371, A A golo] 2EYAAIANE B3 HEES
AL DI0-212 BYA AGskn, Auzdnl  zags BA AGA EURG gue 1544
LVDTE HAste] @A WeE S48
Table 2 Concrete mixture proportion
Unit weight (kg/nr')
Mix design W/B s/a Slump- . 3
strength (MPa) G Max. (%) (%) flow (cm) Air (%) W | C S G Admixture Agent
S1 | S2 FA SP | AE
50 20 30 449 60.0 5.0 175 360 1389 260 (833 247 114 (0.0
Table 3 Test results
. Shear strength (kN) |Shear stress (psi)| g, ., Strain (x107) Slope of diago- .
Specimen ! k (°) Failure mode
v, v, v, v, (mm) | (mm) W, W, w, | nal crac
Al1OFF 459 162 694 245 9.74 2.72 | 1756 | 3345 | 7531 43.0 Shear-compression
HIOFF 509 162 769 245 13.18 | 2.74 | 3094 | 2749 | 4288 48.0 Crushing of strut
HI1ONN 330 181 499 274 6.92 334 | 1841 | - - 50.5 Diagonal-splitting
HI0FN 372 157 562 237 7.44 240 | 1270 | 6824 | -~ 46.0 Shear-compression
HIONF 423 167 638 252 7.82 266 2306 - |8856 43.0 Shear-compression
V. @ ultimate shear strengths, V. : shear strength in initial diagonal crack, . : ultimate shear stress,

cr -

v shear stress in initial diagonal crack, 6. :
crack, W, ! main flexural steel, W, :

692

deflection in ultimate shear strength, 6. : deflection in initial diagonal
strain of horizontal shear steel, W, strain of vertical shear steel
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(a) Standard 90-degree anchorage (b)Headed reinforcing bar

Fig. 4 Mechanical anchorage of main flexural

reinforcement
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Fig. 8 Comparison of load-strain curves
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Table 4 Measured and calculated capacities

utnor ooy o/ | oty | o |k | 7| |
56 |0.75/0.00]0.00] 500 [0.36]0.68]0.79] 0.78
56 |0.75/0.00(2.86| 760 |0.36|0.56]0.52] 0.48
59 |0.75|1.59]0.00| 560 |0.51|0.80]0.73] 0.62
64 |0.75|1.59]0.00] 580 [0.51]0.83]0.75] 0.65
58 |0.75(3.17]0.00| 775 |0.36|0.56]0.52] 0.49
60 |0.75|1.59|2.86| 775 |0.37]0.58|0.53| 0.46
Funo-[ g8 |1.00[0.00[1.43] 520 [0.59]0.92]0.66 | 0.71
kong” | 81 |1.00]1.59]0.00{ 350 [0.87]1.24]0.89] 0.90
89 |1.00|3.17]0.00| 470 |0.76]1.14]0.79] 0.79
91 |1.00]1.59]1.43] 670 [0.50]0.70]0.51] 0.56
88 |1.50[0.00]0.00] 185 [0.61]1.44]0.90] 1.39
88 |1.50]0.00|1.43] 335 [0.73]1.00]0.50] 0.87
88 |1.50|0.00|1.43| 400 |0.70|0.83|0.42] 0.84
91 |1.50]1.59]1.43| 460 |0.80|0.74]0.37] 0.68
80 |1.50|0.28|0.51|510]0.81|0.78|1.61] -
120 [1.50]0.28]0.51|525 [0.79]0.76|1.66| -
77 |1.50/0.28]0.51] 525 |0.78]0.76]1.55| -
88 |1.14]0.28|0.51| 775 |0.70|0.73|0.96] 0.61
83 |1.00]0.28|0.51| 795 |0.61]0.94|0.93] 0.61
Stephen| 120 [1.000.26]0.51 | 825 ]0.70{ 1.3110.96] 0.6
Foster®| 78 |1.00]0.28[0.51] 700 [0.67]1.00[1.05] 0.68
86 |0.78/0.28]0.51] 950 |0.52]0.90]0.63] 0.62
89 |1.00]0.00]0.00] 585 [0.59]0.82]0.91] 0.83
93 11.00]0.00]0.77] 730 [0.64|0.86[1.03] 0.68
104 |1.00{0.00[0.51| 720 |0.61]0.97|0.96 0.72
80 11.03]0.22[0.51|1300[0.69]0.91(1.02] 0.56
42 [1.00]0.80]0.80510 [0.80]0.67]1.00 0.65
42 |1.00]0.80{0.80] 525 |0.72]0.61]0.91] 0.58
STtL‘gSy 42 [1.00[0.00]0.00( 525 [0.62{0.75]1.39] 0.79
42 |1.00]0.80]0.00| 775 |0.94]0.83|1.24] 0.75
42 |1.00]0.00]0.80] 795 [0.71]0.73]1.09] 0.65
*Vexp.=Shear strength of Mean [0.64|0.85{0.90]0.70
experiment STDEV |0.15(0.21|0.34] 0.18
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