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Abstract Since clear span-to-depth ratio is used to define what is so called a deep beam, it is an important parameter
ratio for study about deep beam. Deep beams can be designed by flexure design method, and shear provided by
concrete (’UC) and by steel (vs) for deep flexure members are provided in ACI 318-99 [1]. But in later version of
ACI (from ACI 318-02) it is not provided and deep beams shall be designed either by taking into account nonlinear
distribution of strain or by Appendix A of Strut-and-Tie Models (STM). The trend of deep beam design seems to
be familiar with strut-and-tie model, but ACI traditional design is not forgotten. By comparing these two method, there
should a point which definitely explain the different between the two methods. In this study, 68 samples result of
steel, after reinforcement arrangement, are taken to be analyzed.
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1. Introduction paper, we conduct a research on deep beam for its

appropriate clear span—to—depth ratio compatible with

Reinforced Concrete (RC) Deep beam design method of ACI Traditional and STM. In ACI

is an

important structure element which its design method is
one of the most popular subjects in research. But there
are recommendation on clear span-to-depth ratio of
deep beam except in ACI which states the clear span
range for deep beam condition, Particularly in this

318-99M [1], clause 11.8-Special provisions for deep
flexural members, RC deep beams as of deep flexures
are designed by nonlinear distribution of strain and it
provides specific shear strength of nominal shear

strength of concrete (v,) and nominal shear strength

*Corresponding Author : Byung-Jik Son (Konyang University)
Tel: +82-41-730-5634 email: strustar@konyang.ac.kr
Received October 7, 2013 Revised November 18, 2013

Accepted April 10, 2014

2406



Design Comparison of Strut Tie Model and ACI Traditional by Clear Span-to-Depth Ratio

provided by shear reinforcement (v,) and minimum
requirement of shear reinforcement perpendicular to

flexural tension reinforcement (A,) and area of shear

reinforcement parallel to flexural tension reinforcement
(4,,) in clause 11.87 through 11810 respectively
whereas later version of ACI 318M [2] do not provide
specific provision of v, and v, for deep beams as deep
flexures. Only area of shear reinforcement (A4,) and
(A,,) are provided in clause 11.74.1 and 11.7.42

respectively. However, RC deep beam still can be
design by ACI flexure design and in this study we base
on ACI 318M-11 [2] accept design of (v.) and (v,)
that are based on ACI 318M-99 [1]. More over this
design is still taken into account for many designers
and researchers in field of study and research. Another
design method to be mentioned in this study is
Strut-and-Tie Models (STM). This model is
recognized in ACI from version of ACI 318M-02, STM
is partly described in appendix A, and numerous
mvestigations and modifications of the method have
been performed. A STM reduces complex states of
stress within a D-region of a reinforced or prestressed
concrete member into a truss comprised of simple,
uniaxial stress paths. Each uniaxial stress path is
considered a member of the STM. It considers the
complete flow of forces rather than the forces at any
one particular section [3]. The internal load path in
cracked reinforced concrete is approximated by an
idealized truss, where zones of concrete with primarily
unidirectional compressive stresses are modeled by
compression strut, tension ties are used to model the
principal reinforcement, and nodal zones are typically
determined by finding the product of the concrete
compressive strength and a reduction factor [6]. STM
do not separate flexural and shear design, unlike ACI
Traditional design. The two methods
relationships in term of beam’s size, and that should be
further

have its

another significant starting point for

investigations.
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2. Deep beam design

Before starting design a deep beam, first a beam
need to checked for deep beam condition basing on ACI
the maximum length-to-depth ratio such a D-region
would be approximately 2, clear spans equal to or less
than four times overall member depth or regions with
concentrated loads within a distance 2H [2] from the
face of support or another word shear span less 2 times
of depth. Below are two methods which are mentioned
above of ACI Traditional and STM.

2.1 ACI Traditional design

First, design flexural reinforcement Eq.1 (ACI R9.1)
and compare with minimum of steel requirement
provided by (ACI 105) Eq.2. Second, design shear
reinforcement which are not specific provided by ACI
from version of 2002. Strength of concrete (v,) and
strength of steel (v,) here are quoted from ACI 318-99,
section 10.5. In case (LS) is required, it should done by
Eq. 4. Although, by calculation, (v,) is not required, it
should be provided by A

s,min*

M, < ¢M,, M, = Asfy(di %) !
oy
= Asf,z/(d— 20.85f b,
0.25/f bud
A=A = ib“'d " -
’ 7, £,

]\/[H 2 Uud bu'
3.5—2.5Uud)(q/fc+120p“, X7 )7 Eq.3

<0.5,/f,b,d

v, =

2.2 Strut—and—Tie Model

First, establish the strut-and-tie model and
determine the required truss forces as shown in Fig.1.
Second, check bearing capacity at every node and strut.
Finally, determine reinforcement. For tie element, main

rebar are provided, whereas, strength of struts are used
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for shear reinforcement. Check the anchorage should be
done and in case available length of anchorage is
smaller than require anchorage, hook must be use. But
in reality, hook shall be used for main rebar, so
although available of anchorage is bigger than require
anchorage hook should be used and since we try to
have the result of steel requirement is accurate with
the real of construction, all main rebar are included
with hook [4].

3. Parameter study

In this study, there are two parameters of overall
depth of beam and load location, see Table 1. Overall
depth of beam starts from 1.1m to 2m (10 variations)
and load location (from center of support) varies from
1.Im to 2m (10 variations). Each parameter of overall
depth of beams are fixed and combine with parameter
of load location. These parameters consist of 100
samples but since 32 beams are not considered as deep
beam by ACI, so only

[Table 1] Beam dimensions (m) and material properties
(MPa)

by H Lo | fel| £ | P

36 105]05]05| 1.1-2 11-2 | 28 | 410 2500

68 result of steel requirement in shear (vertical and
horizontal steel) and in moment (main rebar) are used
to be analyzed.

Excel VBA 1is used for added design so the results
should be acceptable. However, since the results are
taken from the final design, used for real construction,
we must accept that some variations make less
difference. For instant, slight difference in shear
reinforcements may have the same amount of steel

after reinforcement arrangement.

4. Results and discussion

Our purpose is to compare results which taken
from the final design. So instead of finding ultimate
shear failure, the results of steel requirements
(reinforcement arrangement) are taken to be analyzed.
In average among 68 samples, STM require total of
steel more than ACI Traditional about 1.1 times for
total steel, 1.03 times for stirrup and 1.15 times for
main rebar. Deep beams change in overall depth
of beams when clear span-to-depth ratio (I,/H) is
larger than 2.6, it is not adequate with bearing
capacity for STM since bearing capacity is not satisfy
by code requirement.

For ACI Traditional it shows an abnormal results of
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[Fig. 1] Strut-and-Tie Model in deep beam
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dropping down from a high requirement of steel as increasing of which has its clear span-to—depth ratio of
shown in Fig.5. When clear span—to-depth ratio (1,,/ H) 2.3 or nearest points (can be from 2.4) should be the
is larger than 24, ACI Traditional and STM are far ~ most appropriate deep beam for both ACI Traditional
different while clear span-to-depth ratio (1,/H) equal ~ and STM.

to 2.3 both design methods show appropriate result of

[ s ) [ sn )
'

Check for deep beam

v

Determine height of tie

v

Check for deep beam

1. Flexure reinforcement and strut to get jd

v
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4{ End ] ‘

[ End J
[Fig. 2] Design chart flow;
(a) ACI Traditional design chart flow, (b) STM, design chart flow
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[Table 2] Result of steel provided

I Volume of steelem® (ACT Traditional) Volume of steelem® (STM) STM/Traditional
" U ‘ Uy ‘ Ustirrup ‘ Urnain ‘ Viotal Up ‘ Uy ‘ Ustirrup ‘ Uinain Viotal Ustirrup| Vmain | Vtotal
H=1.4m
1.3 131728 137842 26957.0 26,620.1 535771 69734 79524 149258 31,460.1 46389 | 055 118 0.87
14 131728 137842 26957.0 29,040.1 55,997.1 69734 7924 149258 33,830.1 48809 | 055 117 0.87
15 11,709.1 12,7239 244331 29,040.1 534731 69734 79524 149258 33,830.1 48869 | 061 117 091
16 11,709.1 12,7239 244331 29,040.1 534731 69734 7924 149258 36,300.1 51,2259 | 061 125 0.96
1.7 11,709.1 127239 244331 31,460.1 55,893. 69734 79524 14,9258 36,300.1 51,2259 | 061] 115 092
18 11,709.1 12,7239 244331 31,460.1 55,893.2 69734 79524 149258 36,300.1 51,2259 | 061 L15 092
19 11,709.1 127239 244331 31,460.1 55,803.2 69734 79524 14,9258 38720.1 536459 | 061 1.23 096
20 11,709.1 12,1937 23902.9 31,460.1 55,3629 69734 79524 149258 38720.1 536459 | 062 123 097
H=1.5m
11 10,2455 11,2190 21,4645 24,2001 45664.6 83631 84143 16,782.3 26,620.1 434024 | 078 110 095
12 10,2455 11,2190 21,4645 24,2001 456646 83681 84143 16,782.3 26,620.1 434024 | 078 110 095
1.3 10,2455 11,2190 21,4645 24,2001 45,664.6 8,368.1 84143 16,782.3 29040.1 48224 | 078] 120 1.00
14 10,2455 11,2190 21,4645 26,620.1 48084.6 83681 84143 16,782.3 29,040.1 H824 | 078 109 095
15 10,2455 11,2190 21,464.5 26,620.1 48084.6 8,368.1 84143 16,7823 31,460.1 482424 | 078 118 1.00
16 10,2455 11,7799 22,0254 26,620.1 486455 83631 84143 16,782.3 31,460.1 482424 | 0.6 118 0.99
1.7 10,2455 10,658.1 20,9036 29,040.1 499437 8,368.1 8414.3 16,7823 33,830.1 306624 | 080 117 1.01
18| 102455 10,6581 209036 | 29,040.1 499437 | 83881 84143 16,782.3 33830.1 506624 | 080 117| 101
19 10,2455 10,097.1 20,342.6 29,040.1 49,3827 83681 84143 16,782.3 33,830.1 506624 | 082 117 1.03
2.0 10,2455 10,097.1 20,3426 29,040.1 49,3827 8,368.1 84143 16,782.3 33,880.1 506624 | 082 117 1.03
H=1.6m
1.1 87819 8876.1 176579 21,780.1 394380 8,368.1 8876.1 17,2441 24,200.1 414442 | 098 111 1.05
12 87819 8876.1 176579 21,780.1 394380 83681 8876.1 17,2441 24.200.1 41,4442 | 098 L11 105
1.3 87819 8876.1 176579 21,780.1 394380 83681 8876.1 17,2441 26,620.1 438642 | 098] 122 111
14 87819 9467.8 18249.7 24,200.1 42,449.7 8,368.1 8876.1 17,244.1 26,620.1 438642 | 094 110 1.03
15 87819 8876.1 176579 24,2001 41,8580 83681 8876.1 17,2441 29,040.1 462842 | 093] 120 111
16 87819 8876.1 176579 24,200.1 41,8580 8,368.1 8876.1 17,2441 29,040.1 462842 | 098] 120 111
1.7 87819 8876.1 176579 26,620.1 442780 83631 8876.1 17,2441 29,040.1 462842 | 093] 109 105
18 87819 8284.3 17,066.2 26,620.1 436863 8,368.1 8876.1 17,2441 31,460.1 87042 | 101 118 111
19 87819 83876.1 176579 26,620.1 44,2780 8,368.1 8876.1 17,244.1 31,460.1 487042 | 098] 118 1.10
20 87819 8284.3 17,066.2 26,6201 436863 83681 8876.1 17,2441 31,460.1 487042 | 101 118 111
H=17m
11 73182 7470.3 147885 21,780.1 36,686 83681 9,337.9 17,7059 21,780.1 40830.7 | 1.20( 100 112
12 73182 7470.3 147885 21,780.1 36,5636 8,368.1 9,337.9 17,7069 24,200.1 41,9060 | 1.20f 111 1.15
13 73182 8,092.8 154111 21,780.1 37,191.1 83631 9,337.9 17,7059 24.200.1 41,960 | 115 L11 113
14 73182 7470.3 14,7885 21,780.1 36,5686 83681 9,337.9 17,7059 242001 41,960 | 1.20{ L11 115
15| 731821 74703 147885 | 21,7801 365636 | 83681 9,337.9 17,7069 26,620.1 43260 | 120] 122| 121
16 73182 8,092.8 15411.1 24,2001 396111 83681 9,337.9 17,7059 26,620.1 443260 | 115 110 112
1.7 73182 7470.3 147885 24,200.1 389836 8,368.1 9,337.9 17,7069 26,620.1 443260 | 1.20( 110 1.14
18 73182 7470.3 147885 24,2001 389886 83631 9,337.9 17,7059 29,040.1 46,746.1 120] 120 120
19 73182 8,092.8 15411.1 24,200.1 396111 8,368.1 9,337.9 17,7069 29,040.1 46,746.1 115 120 1.18
2.0 73182 T470.3 147885 | 24,2001 339836 | 83681 9,337.9 17,7069 29,040.1 467461 | 120] 120 120
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H=1.8m
11 87819 | 783398 16621.6 19,360.1 35,9817 9,762.8 9,799.7 195625 19,360.1 389225 118 | 100 | 1.08
12 87819 | 78398 | 166216 | 193601 | 3598L7 9762.8 9,799.7 195625 | 21,780.1 41,3425 118 | 113 | 115
13 87819 | 84931 172749 | 193601 | 366349 9762.8 9,799.7 195625 | 21,780.1 41,3425 113 | 113 | 113
14 87819 | 78398 | 166216 | 21,7801 | 3340L7 9,762.3 9,799.7 195625 | 24,2001 437762.5 118 | 111 | 114
15 87819 | 78398 | 166216 | 21,7801 | 3840L7 9,762.3 9,799.7 195625 | 24,200.1 4377625 118 | 111 | 114
16 87819 | 84931 172749 | 21,7801 | 39,0550 9762.3 9,799.7 195625 | 24,200.1 4377625 113 | 111 | 112
17 87819 | 78398 | 166216 | 21,7801 | 3340L7 9762.3 9,799.7 195625 | 26,620.1 46,1825 118 | 122 | 120
18 87819 | 783398 166216 | 21,7801 38401.7 9,762.8 9,799.7 195625 | 26,620.1 461825 118 | 122 | 120
19 87819 | 84931 172749 | 21,7801 39,0550 9,762.8 9,799.7 195625 | 26,620.1 461825 113 | 122 | 118
20 87819 | 78398 | 166216 | 21,7801 | 3840L7 9762.8 9,799.7 195625 | 26,620.1 461825 118 | 122 | 120

H=1.9m
11 87819 | 82092 16991.1 193601 | 363511 9,762.3 102615 | 20,024.3 19,360.1 39,384.3 118 | 1.00 | 108
12 87819 | 82092 16991.1 193601 | 363511 9,762.3 102615 | 20,024.3 19,360.1 39,384.3 118 | 1.00 | 108
13 87819 | 8313 17,6752 193601 | 37,0352 9762.3 102615 | 200243 | 21,7801 41,8043 113 | 113 | 113
14 87819 | 82092 16991.1 193601 | 363511 9762.3 102615 | 200243 | 21,7801 41,8043 118 | 113 | 115
15 87819 | 82092 16991.1 19,360.1 36,351.1 9,762.8 102615 | 200243 | 24,200.1 44,2243 118 | 125 | 122
16 87819 | 83,3 17672 | 21,7801 394652 9,762.8 102615 | 200243 | 24,200.1 4,224.3 113 | 111 | 112
17 87819 | 82092 16991.1 21,7801 | 387711 9762.8 102615 | 200243 | 242001 442243 118 | 111 | 114
18 87819 | 82092 16991.1 21,7801 | 387711 9762.8 102615 | 200243 | 24,2001 442243 118 | 111 | 114
19 87819 | 8313 17672 | 21,7801 | 394562 9,762.3 102615 | 20,0243 | 242001 44,2243 113 | 111 | 112
20 87819 | 82092 16991.1 21,7801 | 387711 9,762.3 102615 | 20,0243 | 242001 44,2243 118 | 111 | 114

H=2.0m
11 87819 | 85187 17,3605 | 169401 | 343006 | 11,1574 | 10,7233 | 218308 | 19360.1 41,2408 126 | 114 | 120
12 8,781.9 85787 17,3605 16,940.1 34,300.6 11,1574 10,723.3 21,8808 19,360.1 41,2408 1.26 114 | 120
13 87819 | 92936 180754 16940.1 350155 11,1574 10,7233 | 21,8808 19,360.1 41,2408 121 | 114 | 118
14 87819 | 857187 | 173605 | 193601 | 367206 | 11,1574 10,7233 | 218308 | 21,780.1 43660.8 126 | 113 | 119
15 87819 | 857187 | 173605 | 193601 | 367206 | 11,1574 10,7233 | 218308 | 21,780.1 43660.8 126 | 113 | 119
16 87819 | 9296 | 18074 | 193601 | 374365 | 11,1574 | 10,7233 | 218308 | 21,780.1 43660.8 121 | 113 | 117
17 87819 | 85187 17,3605 | 193601 | 367206 | 11,1574 | 10,7233 | 218308 | 21,780.1 43660.8 126 | 113 | 119
18 87819 | 85187 17,3605 | 193601 | 367206 | 11,1574 | 10,7233 | 218308 | 24,200.1 46,080.8 126 | 125 | 125
19 87819 | 92936 | 18074 | 193601 | 374365 | 11,1574 | 10,7233 | 21,8308 | 24,200.1 46,080.8 121 | 125 | 123
20 87819 | 85187 17,360.5 19,360.1 36,7206 11,1574 10,7233 | 218308 | 24,200.1 46,080.8 126 | 125 | 125

5. Conclusions

designed by ACI Traditional and STM. And with this
point, it is easier to use ACI Traditional rather than

This study can be concluded that deep beam which  STM by just adding about 10% of total steel because
has its clear span-to-depth ratio (I,/H) equal to 23  STM design procedures are more complicated than ACI
should be the most appropriate deep beams which are Traditional and need to spend more time. However,
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STM should be more recommended rather than ACI Finally we strongly recommend that more study on
Traditional for deep beam which has (1,/H) less than  deep for (,/H) > 2.3 should be widely done since this
2.3. ACI Traditional method still can be used but it size of ratio can guide us for comparing between ACI
should be avoided or another words more study on Traditional and Strut-tie-model.

deep beams which have (I,/H) is greater than 2.3

should be investigated. We hope this small scope of

study could be a useful reference for further research.
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[Fig. 3] STM-to-Traditional ratio steel
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[Fig. 6] Volume of main rebar(l, =0.2m)
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[Fig. 7] Volume of total steel(l, = 0.2m)
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