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Indeterminate Strut-Tie Model and Load Distribution Ratio of Continuous
RC Deep Beams (I) Proposal of Model & Load Distribution Ratio

Byung-Hun Kim," Hyun-Soo Chae,” and Young-Mook Yun?*
YInfrastructure Dept., HyunDai Engineering Co. Ltd., Seoul 158-050, Korea
?School of Architecture & Civil Engineering, Kyungpook National University, Daegu 702-701, Korea

ABSTRACT The structural behavior of continuous reinforced concrete deep beams is mainly controlled by the mechanical
relationships associated with the shear span-to-effective depth ratio, flexural reinforcement ratio, load and support conditions,
and material properties. In this study, a simple indeterminate strut-tie model which reflects characteristics of the complicated
structural behavior of the continuous deep beams is presented. In addition, the reaction and load distribution ratios defined as
the fraction of load carried by an exterior support of continuous deep beam and the fraction of load transferred by a vertical
truss mechanism, respectively, are proposed to help structural designers for the analysis and design of continuous reinforced
concrete deep beams by using the strut-tie model approaches of current design codes. In the determination of the load dis-
tribution ratio, a concept of balanced shear reinforcement ratio requiring a simultaneous failure of inclined concrete strut and
vertical steel tie is introduced to ensure a ductile shear failure of reinforced concrete deep beams, and the primary design vari-
ables including the shear span-to-effective depth ratio, flexural reinforcement ratio, and concrete compressive strength are imple-
mented after thorough parametric numerical analyses. In the companion paper, the validity of the presented model and load
distribution ratio was examined by applying them in the evaluation of the ultimate strength of multiple continuous reinforced

concrete deep beams, which were tested to failure.

Keywords : continuous reinforced concrete deep beam, indeterminate strut-tie model, reaction distribution ratio,

load distribution ratio, ultimate strength
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i)

(c) Combined mechanism (0.5 < a/z < 2.0)

Fig. 1 Strut-tie models for simple deep beams
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(c) Strut-tie model for combined mechanism

Fig. 2 Strut-tie models for continuous deep beams
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Fig. 3 Reaction distribution ratio of indeterminate strut-tie
model for continuous deep beams
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Determination of Prime Design Variables a/d, fe, p |

Determine Reaction of Each Support by Using
Reaction Distribution Ratio (y)

¥

Determination of Initial Applied Load (Pinitiar)
And Initial Area of Steel Tie J (A, e, initial)
(Pinitial =0.01Pmax, Pmax=Pbending=Mn/a,

A tie, initiat =0-005A tie, max, Au tie, max =(1-Y)Prmax/fy)
|
1]

Determination of Cross-sectional Areas (Astrut,
Ayie) and Modulus of Elasticity (E., E;)
of Struts and Ties

!

Material Nonlinear Analysis of Indeterminate Strut-Tie Model
(Max. Incremental Load Step INCrax=20)

Determination of Element Tangent
Stiffness Matrix Ke and Global
Tangent Stiffness Matrix Ky

1

Calculation of Nodal Displacements
and Strains of Struts and Ties
by Solving Ky 'P

Calculation of Tangent Modulus of
Elasticity (E';, E's) of Struts and Ties
for Next Incremental Load Step

¥

No
INC>INC o >

Yes
Y

E' (of Struts H, | and/or K) < 0.01E,

=d

M |0 0+

Atie=Ay tie+0.02A, e, iniial

No

+ Yes

Yes
fs (of Steel Tie J) > 1.001f,

* No
fs (of Steel Tie J) < 0.999f,

*No

Determination of Load Distribution Ratio
(=F,te/ Ro) for Given ald, fi, and p

Arch Mechanism: F| s Sinéi / Rz (61, Rz : See Fig. 2)
Vertical Truss Mechanism: F, e/ Ry

Fig. 4 Algorithm for determining load distribution ratio of
indeterminate strut-tie model
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Fig. 5 Maximum widths of struts and ties of indeterminate
strut-tie model
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Fig. 6 Stress-strain relationship of concrete strut
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Table 1 lllustration of determination procedure of load distribution ratio for a/d=1.4, f,=40MPa, and p=0.45p,

Width of loading &|  Cross-sectional area Modulus of elasticity Failure Yielding of shear
P (kN bearing plates (mm) of strut (mm®) of strut (MPa) of inclined strut reinforcem.ent
ba | he | A | A | Ao | B | B | Ero | St H St 1St k| 2 PO
19.12 7.0 7.1 6880 | 8874 | 11215 | 28569 | 26676 | 28569 O O O 0.04 O
38.24 14.1 14.2 7144 | 9047 | 11481 | 28563 | 24589 | 28563 O O O 0.16 O
57.35 21.1 21.3 7407 | 9220 | 11747 | 28552 | 22186 | 28552 O O O 0.35 O
76.47 28.1 28.4 7671 | 9394 | 12014 | 28539 | 19176 | 28539 O O O 0.64 O
95.59 35.1 35.5 7934 | 9567 | 12280 | 28521 | 14560 | 28521 O O O 1.03 O
114.71 42.2 42.6 8198 | 9740 | 12546 | 28424 | 286 | 28424 O X O 3.16 O
133.83 49.2 49.7 8461 | 9913 | 12813 | 26934 | 244 | 26934 O x O 34.7 O
152.95 56.2 56.9 8725 | 10087 | 13079 | 25433 307 | 25433 O O 65.4 O
172.06 63.3 64.0 8988 | 10260 | 13346 | 23892 | 258 | 23892 O x O 95.4 O
191.18 70.3 71.1 9252 | 10433 | 13612 | 22267 | 270 | 22267 O x O 124.8 x

Load distribution ratio (= P,/ [1 — 71P) = (Ayie % £;) / [(1 — 7)P] = (124.8 x 400) / [(1 — 0.368) x 191180] = 41.3%

O: Safe, x: fail, b= 100 mm, L =2240 mm

8 | si=2232|Ests| =2F M233 M15 (2011)
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Fig. 7 Numerical analysis model for evaluating effect of design
variables on load distribution ratio
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Fig. 11 Design procedure utilizing reaction and load distribution
ratios
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