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This study aims to establish a Strut-and-Tie model (STM) for calculating the shear
strength of continuous deep reinforced concrete beams and is compared with the
STM of the ACI 318-25 code. To achieve this, quantitative adjustment coefficients
representing the influence of the most important structural factors were
introduced. The proposed model is based on differentiating between the
effectiveness of internal and external struts, considering the concrete compressive
strength, shear span-to-depth ratio, and horizontal and vertical reinforcement
ratios. To assess the model's accuracy, a database of 60 continuous deep beams,
compiled from previous research, was created. The experimental to theoretical
load ratios ranged from 0.86 to 1.22, with the exception of four specimens, which
reached values of 1.28 and 1.36, while two others reached 1.40. The statistical
results showed that the proposed model achieved a mean value, standard

deviation, coefficient of variation, mean absolute error, and coefficient of
determination of 1.06, 0.13,0.12, 100.49 kN, and 0.91, respectively. In comparison,
the ACI 318-25 Strut-and-Tie Model recorded corresponding values of 1.23, 0.20,
0.17,237.33 kN, and 0.49. These results indicate that the proposed model provides
closer agreement with the experimental data, with lower scatter and smaller
prediction errors than the ACI 318-25 model. However, the coefficient of
determination of the ACI 318-25 STM was lower, with an R? value of 0.49
compared with 0.91 for the proposed model. This indicates that the proposed
model provides better agreement with the experimental results, lower scatter, and
improved prediction accuracy.

© 2026 MIM Research Group. All rights reserved.

1. Introduction

Reinforced concrete deep beams with more than two supports are important structural elements
that play a role in resisting the high loads applied to them, as shown in Fig. 1a. In this type of beam,
the analysis or design equations used for shallow beams cannot be applied, because the sectional
strains in deep beams are nonlinear, unlike shallow beams where the strains are linear. Also, shear
is considered the governing mode of failure in deep beams, which makes building foundations more
vulnerable to differential settlement. This makes their assessment more complicated compared
with shallow beams. Therefore, most design codes, especially the ACI 318-25[1], adopt the Strut-
and-Tie Method (STM) for the analysis and design of this type of beam. The finite element model
proposed by Salman [2], shown in (Fig. 1b), was used to simulate the nonlinear strain distribution,
material response, load capacity of the member, and deformation along the beam axis. However,
such programs are not simple to use, as they require greater effort, knowledge, and longer
processing time, as well as computers with high specifications. Strut-and-Tie Models (STM) provide
a simple theoretical approach, as shown in (Fig. 1c), and usually give approximate results that tend
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to be lower than the actual results through a simplified analysis based on confining and transferring
stresses along tension and compression paths, forming a truss model. In this model, the tension
members represent the main reinforcement of the deep beam, while the compression members are
the struts, which represent the concrete, and the shear reinforcement. These members intersect at
nodes where loading is applied, and they are classified as CCC, CCT, or CTT depending on the force
paths meeting at the node.
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(a) Continuous deep transfer girder in building

(c) Paths of forces in continuous deep beams
Fig. 1. Modeling of deep transfer girder

The forces are transferred from the nodes and then branch out, with some going toward the
compression members and others toward the tension members. The larger part of the load goes
toward the inclined compression members. Therefore, they become bottle-shaped and are
classified as bottle struts, causing cracks due to tensile stresses in this region. This requires
strengthening the region with shear reinforcement to work together with the concrete in resisting
the high load carried by the member. Although strut failure is often dominant, reinforcement must
also be placed in regions where the tension paths govern. Despite the relative simplicity and
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strength of this design approach, reinforcement is needed to regulate the flow of stresses along the
load paths and to prevent failure of the connecting nodes.

The accuracy of the theoretical analysis depends on the model shape, since a more complex model
can be used, that is, one containing a larger number of members and nodes. It also depends on the
selected research variables. The strength of the connecting nodes and the strength of the
compression members are still under continuous discussion in order to achieve high accuracy in
the analysis of deep beams and obtain the best agreement between theoretical and experimental
results. A number of researchers have proposed different methods for treating deep beams,
including Marti [3], Schlaich et al. [4], MacGregor [5], Abdul-Razzaq et al. [6-12], Jumaa et al. [13],
Mohammedali et al. [14], El-Zoughiby et al. [15] and Zhang & Tan [16].

Based on research published in recognized international journals, many widely adopted design
codes, such as ACI 318-25 [1], CSA [17], and CEB-FIP Model Code 1990 [18], use different stress
values and factors for tension, nodes, and compression. The variation in these values makes it
possible to develop a modified STM model with more accurate theoretical results when compared
with experimental results. This is very important because these beams are widely used, especially
in structures subjected to high and complex loads, and because more accurate calculations are
needed in terms of the amount of reinforcement and the dimensions of the model from both the
safety and cost perspectives.

2. Adjustment Factor and Shear Reinforcement of the Strut

[t is important to understand the direct effect of horizontal and vertical shear web reinforcement
resisting inclined stresses in the compressive strut zone on the load-bearing capacity of continuous
deep concrete members [19], Figure 2. This is achieved by incorporating the horizontal and vertical
shear web reinforcement into the following equations:

T , We,i
AVs = 2 x — x dsv? * sind x (— + 1) (1)
4 sv
s 2 We i
AHs=2*Z*dsh *00519*(5};"'1) (2)
ASe,i = AVs + AHs (3)

The participation of the horizontal or vertical reinforcement is transformed along the direction of
the internal and external struts in order to determine the actual contribution of the reinforcement
in resisting the applied load [20-22]. The contribution of both types of shear web reinforcement to
the transfer of external loads through the support is determined through shear reinforcement
analysis. Only the reinforcement components in the internal and external strut directions within
the strut area subjected to direct compressive stresses from the loading points are considered. The
shear web reinforcement component perpendicular to the strut, which resists the strut's tensile
stress, is neglected. The reason for neglecting the vertical component is due to the structural nature
of the struts. It is classified as a short compression member in which the compressive stresses are
dominant and effective.

The yield stress effect was incorporated at a contribution of approximately 50%, since the common
failure pattern in deep continuous reinforced concrete beams is sudden (brittle) failure [9]. The
strength of the external and internal compressive struts depends on the values of F1 and F2 in
addition to the strength of the concrete and steel. These values can be obtained by applying the
following equations:

For external strut,Pe = (F,.f..Ag + 0.5ASe. fy)sin ¢ 4)
For internal strut Pi = (F,.f..Ag + 0.5ASi. fy)sin ¢ (5)
Ptotal = 2(Pe + Pi) (6)



Jalil et al. / Research on Engineering Structures & Materials x(x) (xxxx) xx-xx

Pn/2 Pn/2
T~ ~ Z —
o Y e Top Tle /]
S5ZENSH 4 A TSR]
S T RN A P T
L / Bottdm Tie \\\ 4 Y \\X

Steel web
reinforcement External strut
& X

Fig. 2. Contribution of shear strut reinforcement

The two adjustment factors (F; and F2), corresponding to the resistance of the external and internal
supports respectively, are assumed to differ typically by approximately 0.25. This distinction is
supported by a mechanical rationale associated with the statically indeterminate nature of the
structural system, as expressed by Eq. (7) [23]. The internal strut is connected to the middle
support, whereas the external strut transfers forces toward the end support. An approximate
analysis of the load distribution indicates that the middle support carries nearly 50% of the total
applied load, corresponding to approximately 25% contributed by each span, while each end
support carries only about 25% of the total load. This difference in load distribution and stress
concentration increases the contribution of the internal strut to the overall load-carrying
mechanism. Accordingly, the adjustment factor F; assigned to the internal strut is taken as 0.25
greater than F; for the external strut, thereby providing a more realistic representation of force
transfer within two-span continuous deep beams.

Number of truss members + Number of reactions= Number of equations (7)

A total of 20 two-span continuous deep beams were subjected to an iterative calibration process
using a trial-and-error procedure. The calibration was based on four principal variables: the shear
span-to-depth ratio, the vertical web-reinforcement ratio, the horizontal web-reinforcement ratio,
and the concrete compressive strength.

The calibration strategy initially involved identifying a target value of the adjustment factor F;,
which was found to provide the best mathematical agreement between the experimental and
predicted loads. The coefficients associated with the four principal variables in the F; equations
were then progressively adjusted through repeated iterations. This process continued until the
proposed equations produced F; values equal, or very close, to the predetermined target value,
thereby achieving the best overall agreement between the theoretical predictions and
experimental results.
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After establishing the final form of the equations, the optimum value of F; was substituted into Eq.
(4) to calculate the capacity of the external strut. The adjustment factor for the internal strut, F>,
was subsequently determined using Eq. (14) and substituted into Eq. (5) to calculate the internal-
strut capacity. Finally, the capacities of the external and internal struts were combined using the
general expression given in Eq. (6) to determine the total predicted load capacity. The resulting
value was then compared with the experimentally measured ultimate load to assess the accuracy
of the proposed model and its suitability for structural applications. The values of F1 and F; are
calculated using the following equations:

(a/h<0.6)

F1=0586-298355x ph -306.689x pv +167177.270x ph?-67994.401x ph.pv
+163288.696x pv? -18353030.03x ph3+13110177.9 x ph?.pv +13110177.9 (8)
ph.pv? -18353065.03 pv3

(0.6<a/h<1.2, fc=>30)

F1=0450 +31.070xph +20.090xpv -6646.099x ph?-5126.164X ph.pv +
4399.483x pv2+244628.297x ph3+172880.200x ph?.pv +54359.760x ph.pv? 9)
+4995.704x pv3

(0.6<a/h<1.2, fc<30)
FI1 =0.350-0.001xph +37.496xpv +0.337x ph.pv +0.150x pv2 + 0.003 X phZ.pv

+0.001x ph.pv2 +0.001x pv3 (10)
(a/h>1.2, fc=>30)
F1=0600-6.667xph +10.810xpv + 0.033x ph? +0.065x ph.pv +0.040 x pv? (11
(a/h>1.2, fc<30)
F1=0.350+13.915xph +6.184xpv +0.188x ph?+0.083x ph.pv +0.037X pv? (12)

+0.002x ph3+0.001x phZ.pv
The following equation, which is less accurate than the previous equations, can also be used.

F1= 2.543472493 — 0.711978694 = a/h — 0.132334722 * f'c
+ 121.110600747 = ph + 28.980270752 x pv + 0.465005410
xa/h? + 0.002673354 * f'c? — 1946.869765635 * ph?
+ 6304.244163763 * pv? — 0.011304047 * a/h. f'c (13)
— 83.193452827 * a/h.ph + 70.481614698  a/h. pv
— 1.213436649 * f'c.ph — 2.967831450 x f'c.pv
+ 1552.683604044 * ph. pv

The value of F2 is determined by applying equation below:

F,=F, +0.25 (14)

The proposed method is applicable to continuous deep beams with normal-strength concrete,
within the investigated range of a/h ratios corresponding to deep-beam behavior, and for different
horizontal and vertical web reinforcement ratios, p, and p,. However, it is not recommended for
high-strength concrete, since this concrete class was not included in the calibration range of the
model. Fig. 3 illustrates a flowchart procedure for analyzing two continuous deep reinforced
concrete beams of equal span.

3. Verification Using a Database of Continuous Deep Reinforced Concrete Beams
from Scientific Literature

In the current study, the authors proposed detailed procedures for determining the strength of
internal and external compression struts. Several mathematical equations are used to estimate load
capacity in an acceptable and reliable manner, as illustrated in the analyzed numerical example in
Appendix A. For continuous deep beams with and without web reinforcement, the objective is to
ensure that the estimated capacities closely match the experimental or actual loads they encounter.
By improving the accuracy of structural analysis and providing a more realistic assessment of the
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behavior of deep beams under varying loading conditions, the proposed method aims to contribute
to better design recommendations for these structural components.

1
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Fig. 3. Flow chart procedure to calculate deep beam capacity

A total of 60 deep, two-span reinforced concrete beams were collected from various references, as
shown in Table 1. The beams were tested and collected by different authors [20, 24-31]. The shear
span-to-total-depth ratio of the deep beams in the database ranged from 0.5 to 2.0. The test
specimens were made of concrete with a compressive strength ranging from 20 to 40 MPa. Some
test specimens had no web reinforcement, while others were reinforced with 2% high shear
reinforcement. The theoretical load capacity of the test specimens ranged from 483.32 to 2096.27
kN. All beams were reported to have failed in shear due to a large diagonal crack within the internal

shear spans.

Table 1. Database of existing specimens and comparison of predicted and measured normalized

load capacities

Seq Specimen a/h Sh Sv f¢ P-STM P-STMmod P-EXP P-EXP/  P-EXP/ P-
’ ratio (mm) (mm) (MPa) (kN) (kN) (kN) P-STM STMmod
1. CR150-35 0.97 60 60 28 713.40 738.81 900 1.26 1.22
2. CS150-35 0.97 - - 28 713.40 738.81 945 1.32 1.28
3. CF150-35 0.97 - - 28 713.40 738.81 840 1.18 1.14
4. CR150-50 0.66 60 60 28 892.22 922.08 1100 1.23 1.19
5. CS150-50 0.66 - - 28 892.22 922.08 1100 1.23 1.19
6. CF150-50 0.66 - - 28 892.22 922.08 1000 1.12 1.08
7. CR200-50 0.66 60 60 28 952 1203.72 1250 1.31 1.04
8. C€S200-50 0.66 - - 28 952 1203.72 1200 1.26 1.00
9. CF200-50 0.66 - - 28 952 1203.72 1325 1.39 1.10
10. L5NN 0.50 - - 324 1298 1484.64 1635 1.26 1.10
11. L5NS 0.50 - 120 324 1298 1669.76 1710 1.32 1.02
12. L5NT 0.50 - 60 324 1298 1746.79 1789 1.38 1.02
13. L5SN 0.50 120 - 324 1298 1764.08 1887 1.45 1.07
14. L5SS 0.50 120 120 324 1623 2146.44 2117 1.30 0.99
15. L5TN 0.50 60 - 32.4 1298 2096.27 2317 1.79 1.11
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Seq.  Specimen a/h Sh Sv fé P-STM P-STMmod ~ P-EXP  P-EXP/  P-EXP/P-
ratio (mm) (mm) (MPa) (kN) (kN) (kN) P-STM  STMmod
16. L10ONN 1.00 - - 32.1 1000 916.23 880 0.88 0.96
17. L10NS 1.00 - 120 32.1 1000 1117.89 1153 1.15 1.03
18. L10ONT 1.00 - 60 32.1 1000 1424.07 1541 1.54 1.08
19. L10SN 1.00 120 - 32.1 1000 1029.28 884 0.88 0.86
20. L10SS 1.00 120 120 32.1 1250 1166.77 1177 0.94 1.01
21. L10TN 1.00 60 - 32.1 1000 990.47 935 0.94 0.94
22. TCDB1-1 1.33 - - 35.6 1456 1627.10 1595 1.10 0.98
23. TCDB2-1 1.33 - - 38.9 1803 1777.93 2000 1.11 1.12
24. CDB1 1.07 40 100 30 854.23 1080.01 1078 1.26 1.00
25. CDB2 1.07 80 200 33.1 942.50 933.25 932 0.99 1.00
26. CDB3 1.07 80 - 22 626.44 578.97 559 0.89 0.97
27. CDB4 1.07 - 200 28 637.83 842.08 886 1.39 1.05
28. CDB5 1.07 80 200 28.7 710.61 794.00 804 1.13 1.01
29. CDB6 1.58 40 100 22.5 423.38 483.32 485.6 1.15 1.00
30. CDB7 1.58 80 200 26.7 502.41 510.01 436.5 0.87 0.86
31. CDB8 1.58 80 200 23.6 418.49 410.00 377.7 0.90 0.92
32. B1 1.03 200 - 31.1 1074 1093.05 1295 1.21 1.18
33. B2 1.03 200 - 42.5 1466 1587.46 1674 1.14 1.05
34. B3 1.03 200 - 36 1243 1428.84 1358 1.09 0.95
35. B7 2.07 - 200 32 500 591.46 579 1.16 0.98
36. B8 2.07 - 200 38.6 602 766.04 676 1.12 0.88
37. N4 0.54 - - 25.8 906.20 1129.45 929.3 1.03 0.82
38. N8 0.54 - - 29.6 1039.70 1295.80 1277 1.23 0.99
39. N13 0.54 - - 27.4 962.50 1199.49 1466.6 1.52 1.22
40. N7 0.54 - - 33.2 1166.20 1453.39 1643.4 1.41 1.13
41. BS1 1 125 200 20 625.86 719.56 819 1.31 1.14
42. BS2 1 125 _ 20 625.86 556.61 782 1.25 1.40
43. BS3 1 125 100 20 625.86 862.95 939 1.50 1.09
44. BS4 0.77 200 _ 20 577.30 634.033 889 1.54 1.40
45. BS5 0.77 200 200 20 721.62 834.48 1001 1.39 1.20
46. BS6 1 _ 200 20 500.69 665.68 735 1.47 1.10
47. BS7 0.77 130 200 20 721.62 844.42 1145 1.59 1.36
48. BS8 1.25 75 200 20 511.38 559.90 715 1.40 1.28
49. BS9 1 125 200 28 876.20 969.65 1015 1.16 1.05
50. CDBA1 1 - - 33.81 889.50 925.67 875 0.98 0.95
51. CDBB1 1 - 150 34.52 908.10 1115.70 992 1.09 0.89
52. CDBB2 0.5 - 150 34.52 1096.90 1431.40 1288 1.17 0.90
53. CDBD1 1 110 150 35.12 1154.90 1199.02 1093 0.95 091
54. CDBC1 1 - 150 36.05 948.40 1395.00 1305 1.38 0.94
55. CDBE1 1 110 150 36.41 1197.3 1397.86 1407 1.18 1.01
56. L5-40 0.5 _ _ 324 1147.38 1515.68 1529 1.33 1.01
57. L5-60 0.5 _ _ 324 1161.33 1538.54 1635 1.41 1.06
58. L5-72 0.5 _ _ 324 1164.64 1544.31 1786. 1.53 1.16
59. L10-60 1 _ _ 32.1 914.88 958.61 880 0.96 0.92
60. L10-72 1 32.1 930.14 975.50 1003 1.08 1.03

Note: source-specimens no. 1-9, Abdul-Razzaq et al. [20]; 10-21, K.-H. Yang et al [24]; 22 and 23, N. Zhang and
K.-H. Tan [25]; 24-31, A.F. Ashour [26]; 32-36, M.A.T. Khatab et al [27]; 37-40, K.-H. Yang and A. F. Ashour [28];
41-49,F. B. A. Beshara et al [29];50-55, A. N. Noori and A. F. Ali[30];56-60, K.-H. Yang, H.-S. Chung, & A. F. Ashour

[31]

Fig. 4 and Table 1 illustrate the discrepancy between the experimental and predicted strengths of
STM ACI 318-25 code and STM modified for continuous deep beams. The reliability of the analytical
model is confirmed by the remarkable agreement between the analytical results and experimental
data across several important parameters, such as the compressive strength of plain concrete, the
shear span-to-depth ratio, and the horizontal and vertical shear reinforcement ratios. The ratio of
the experimental to theoretical values (P-EXP / P-STMmod) ranged from 0.86 to 1.22. with the
exception of four specimens, which reached values of 1.28 and 1.36, while two others reached 1.40.
This deviation may be attributed to differences in the testing conditions and procedures adopted
in the published studies from which the database was compiled, including variations in the loading
rate, load-application method, and concrete casting conditions. Since the proposed model was
calibrated using a database of 60 specimens to achieve the best overall statistical agreement, a
limited number of outliers remained. Nevertheless, these cases did not materially affect the model’s
overall statistical performance, which demonstrated higher prediction accuracy and lower scatter
than the STM specified in ACI 318-25.
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Table 2 summarizes the statistical comparison between the ACI 318-25 STM and the modified STM.
The modified model showed better prediction accuracy, as the mean value decreased from 1.23 to
1.06, indicating closer agreement with the experimental results and reduced bias. In addition, the
standard deviation, coefficient of variation, and MAE decreased from 0.20, 0.17, and 237.33 kN to
0.13, 0.12, and 100.49 kN, respectively. The R? value also increased from 0.49 to 0.91, indicating
improved agreement between the predicted and experimental values. Overall, these results show
that the proposed modifications enhance the prediction performance of the STM for continuous
deep beams.

Table 2. Comparison between predicted strengths of ACI 318-25 code STM and modified STM

Strut and Tie Model by ACI 318-25 Modified Strut and Tie Model
MEAN 1.23 1.06
S.D 0.20 0.13
c.ov 0.17 0.12
MAE 237.33 100.49
R? 0.49 0.91

The results show that the adopted theoretical approach for analyzing deep beams simulates the
experimental load capacity of the model with high agreement. This provides guidance for the
structural engineer in continuously evaluating deep beams and in realistically predicting their
shear behavior. It also supports the design and evaluation of concrete structures in an economical
manner without unnecessary material consumption, while enhancing the safety of concrete
structures.
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Fig. 4. Comparison between predicted and experimental ultimate load capacity

4. Conclusions

Through comparing the results of the proposed theoretical analysis using the Strut-and-Tie Model
(STM) with a set of experimental laboratory data for continuous deep beams reported by previous
researchers and published in reputable journals, the method of dealing with deep beams was
updated through coefficients and equations governing the paths of shear-stress transfer. The
results of the statistical study for analyzing the models can be summarized as follows:

e The proposed STMmod model, which is consistent with the actual stress-transfer paths
through the nodes to the tension and compression members, and which is based on the axial
distribution of tension and compression forces, provides a suitable practical analytical
approach based on the cracking pattern and failure mode of continuous deep beams.
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The adoption of the modification factor F; for the outer strut and F for the inner strut
contributed significantly to improving the accuracy of the theoretical analysis compared with
the experimental test results, since they depend mainly on the shear-span-to-depth ratio
(a/h), the horizontal and vertical reinforcement ratios, and the concrete compressive
strength (fc).

The ratio of the experimental load to the theoretical analytical load (P-EXP/P-STMmod)
ranged approximately from 0.86 to 1.40, with a mean of 1.06 and a coefficient of variation of
about 0.12 for 60 continuous deep beams adopted from previous studies published in
reputable journals. These statistics indicate the accuracy of the theoretical analysis in
comparison with the experimental load, especially in the case of failure at the inner strut,
which is considered the dominant mode in continuous deep beams.

The proposed model showed improved statistical performance compared with the ACI 318-
25 STM. The mean, standard deviation, coefficient of variation, and mean absolute error were
reduced by approximately 14%, 35%, 30%, and 58%, respectively, while R? increased from
0.49 to 0.91. These results indicate better agreement with the experimental data and lower
scatter in the predictions of the proposed model.

The analysis of the horizontal and vertical shear-reinforcement mesh, and the adoption of its
components parallel to the inclined inner and outer struts, together with adopting 50% of
the shear-reinforcement stress, showed the actual role of shear reinforcement in reducing
the difference between the experimental and theoretical loads and in limiting the occurrence
of sudden brittle failure.

The modified model governs the stress-transfer paths through the inner and outer struts and
concentrates the failure of the deep beam through the inner strut, which is consistent with
the internal failure observed in the experimental models, since the larger portion of the load
travels toward the inner strut in the direction of the middle support. This represents the
actual behavior of the stress paths in continuous beams.

The main variables adopted in the theoretical analysis were the compressive strength of
normal- or low-strength concrete, the shear reinforcement ratio, the a/h ratio, and the yield
stress of the shear reinforcement, in addition to other variables with less influence. The
authors recommend carrying out further studies to include high-strength or high-
performance concrete, as well as investigating different loading cases not limited to a
concentrated load in each span of continuous beams.

The proposed analytical model can be a valuable and practical tool for design engineers,
combining simple calculations with a good level of accuracy and conservatism in estimating
the shear capacity of deep continuous concrete beams, thus contributing to both economical
and safe design

Appendix, Numerical Example:

Samples for predictive failure load calculations, based on the modified Strut-and-Tie (STM) method, are
presented here for a deep-continuous reinforced concrete beam specimen subjected to a concentrated
central loading, tested experimentally by Abdul-Razzaq et al. [20]. The beam has the following dimensions,
load, and reinforcement, as shown in (Fig. 5):
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Fig. 5. Two-span continuous deep beam specimen (all dimensions in mm) [20]
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h =360mm, [c=1000mm, d=440.5mm, a=350mm, b,,= 150mm, f'c = 27 MPa, bearing plate dimensions = (100
x 150) mm for external support, middle support and applied load , main longitudinal top and bottom
reinforcement = 4¢p16mm, f;, = 500 MPa, vertical web reinforcement = ¢4 mm@60 mm c/c, f;,,= 500 MPa,
horizontal web reinforcement = $4 mm@60 mm c/c, f,,,= 500 MPa, bottom and upper covers=25 mm and
side cover=15 mm.

*x2=(25+4+4+16+125)*2 =115mm

wt, = wt; = 115mm  becouse (As, = As;)

. spacing
wty, = <Cc + @st. +Pmain + —)

i wt, Wt
]d=h—7—7=360—115=245mm
9=t ‘1(245 =35

=t (350) =

Wse = Wt cos? + Ise sind

115cos 35+ 100 sin35 = 151.6 mm

wg; = wt, cosd + 0.51si sind

ws; = 115c0s 35+ 0.5 * 100 sin35 = 122.9 mm

Wsp = Wt cosd + 0.5lp sind

Wgp = 1150535 + 0.5 * 100 sin35 = 122.9 mm
Wse Ise + 0.5lp .

=
I

we=7+$=wtbcosﬁ+Tsm19
100 + 0.5 100
w, = 115cos 35 +fsm 35=137.22 mm
Ws W Isi+1
wi=%+%= wty, cos 9 + psinz9

100 + 100 .
w; = 115 cos 35 +Tsm 35 =1229mm

—For external strut
AVs =2« % * dsv? * sing * (% +1)=2x % * 42 x sin35 * (1367(')22 + 1)=47.37 mm?

AHs =2 * % * dsh? % cos9 * (g + 1) = 2% % % 4% % c0835 * (22 + 1)= 67.63 mm?

60
ASe = AVs + AHs=115 mm?
—For internal strut

AVs = 2 % Zx dsv? *sinﬁ*(ﬂ+ 1) =2 % 2% 42 % 5in35 * (
4 sv 4

AHs =2 *%*dsh2 * COSY * (%+1) =2 *%*42 * c0S35 * (

ASi = AVs + AHs=106.64 mm?2

(0.6<a/hs<1.2, f'c<30) — using equation 10 = F1 = 0.44 and F2=0.69

Pe = (F,.f..Ag + 0.5ASe. fy )sind=

(0.44x27x(150x137.22-115)+0.5x115x500)x103xsin35=157.186 kN

Pi = (F,.f..Ag + 0.5ASi. fy)sin9=

(0.69x27x(150x122.9-106.64)+0.5x106.64x500)x103xsin35=212.22 kN

P_STM,,,4 = 2Pe + 2Pi=738.8118 kN

122.9

60
1229

60

+ 1)=43.93 mm?
+ 1)=62.71 mm?

Notations

Aps Area of steel from horizontal shear a Shear span measured from support centre to
reinforcement in strut direction, mm? load center, mm

Ay Area of steel from vertical shear AS, Steel area of internal strut, mm?
reinforcement in strut direction, mm?

b, Width of beam, mm AS;  Steel area of internal strut, mm?

f'c 150mmx300mm cylinder d Effective depth of beam, distance from centroid
compressive strength of concrete, of longitudinal tension reinforcement to the
MPa extreme compression fibre, mm

F; Modification factor of external strut Fsuz  Component of horizontal web reinforcement
associated with the effect of external towards strut
support

11
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F, Modification factor of internal strut Cc Clear cover, mm
associated with the effect of internal
support
fyw Yield stress of web reinforcement, Lc Length of span center to center, mm
MPa
Ja Distance between the centres of the  Fsuz  Component of horizontal web reinforcement
top and bottom nodes, mm perpendicular strut
P, Strength of external strut, kN Fsvy1 Compound of vertical web reinforcement
towards strut
P; Strength of internal strut, kN Fsvz  Compound of vertical web reinforcement
perpendicular strut
P-STMmod Theoretical load failure, kN H Overall depth of deep beam, mm
Sh Spacing  of  horizontal = shear L Total length of deep beam, mm
reinforcement, mm
Sy Spacing of vertical shear Ln Clear length of span, mm

reinforcement, mm

Wes Average effective width of external lp Length of bearing plate at applied load, mm
strut, mm
Wis Average effective width of internal Lse  Length of external support bearing block, mm
strut, mm
Wee Inclined length for external nodal Lsi  Length of internal support bearing block, mm
zone at support, mm
Wi Inclined length for internal nodal 9 Angle of inclination of the diagonal
zone at support, mm compressive stress and the failure plane with
the beam longitudinal axis, degree
Wep Length of inclined internal nodal
zone, mm
Wope Inclined length for external nodal
zone applied load, mm
Wpi Inclined length for internal nodal
zone at applied load, mm
wty, Width of anchor bottom tie, mm
wt; Width of anchor top tie, mm
Pmain Diameter of bar for main

reinforcement, mm

Pst Diameter of bar for shear
reinforcement, mm
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