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ABSTRACT

This paper evaluates the effects of haunches and the characteristic differences of haunch design regulations
through design of pier and box structures with/without haunches. The design of the pier and box structures was
conducted by using the linear elastic plane stress finite element analysis, the DIN 1045 and ACI 318-99 codes, the
suggested experimental design equations, and the strut-tie model approach. To prove the validity of design results
obtained by the strut-tie model approach, the ultimate strength of two haunched reinforced concrete beams tested
to failure was evaluated by using the approach. According to the comparison and evaluation of the design results,
it is concluded that the design results of haunched reinforced concrete structures by using conventional and design
codes need to be complemented with those by using the strut-tie model approach that reflected the effects of
haunches in design comparatively well through the actions of arch and direct transfer of applied loads.

Keywords : pier and box structure, haunch effect, haunch design regulations, strut—tie model approach
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Fig. 1 Section properties of type II pier structure
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Fig. 2 Plane frame finite element model for pier
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(b) Internal forces and shears

Fig. 3 Reduced shear force in non-prismatic member
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Fig. 5 Plane stress finite element model for type II
pier structure
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Table 1 Material properties of haunched beams

Be f Top steel Bottom  steel Web steel
ANS| kB E, | [, |Bars| E, | f, |Stirrup| £, | f,
D6 | 295 206 203833053020 | 2038 3305 > (20083306

D6 [328] 266 | 2038 3305| 3420|2038 3305 @ggo 2038|3305

Unit for fy, fikgf/em® E, tonf/em?
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Fig. 6 Geometry and reinforced details of haunched

beams
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Fig. 7 Compressive principal stress flows in haunc-
hed beam D5

Fig. 8 Strut-tie model for haunched beam D5
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Fig. 9 Dimensioned strut-tie models for haunched
beams
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Table 2 Ultimate strength of haunched beams
determined by strut-tie model approach

Criteria for determining
(*)/Ptest, ultimate strength Pyredicted
Beams| ) () [ 8. | G | NZ | Pes
Stabi. | Compa. |Strength
155, S.
D5 Stabi, - - 0 097
20 & 23
1.25, S.
D6 Stabi, - - 0 1.00
20 & 23

(#): Maximum load that can be applied to beam strut-tie
models;  (*#): Cause for not exceeding ;  (#**). Strut/tie
number that caused structural stability and/or geometrical
compatibility; S. Stabi: Structural stability; G. Compa.: Geomet-
rical compatibility; N.Z.: Nodal zone
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Fig. 11 Compressive stress flows in type II pier
structure
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Fig. 13 Dimensioned strut-tie model for type II pier
structure
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Table 3 Required flexural and shear reinforcement
for pier structures

Type I |Type 11| Type I1II

Case 1] 9323 | 7594 | 6548

Max. | Negative | Case 2| 827.1 | 6632 | 556.1
Hexural Case 3| 7355 | 6000 | 5090
coment Case 1| 5252 | 4845 | 4645
(em?) | Positive | Case 2| 4129 | 3335 | 2219
Case 3| 955 626 0.0

Case 1] 1981 | 832 | 293

Shear | Max. [Case 2| 1400 | 1116 | 904
reinfor- Case 3| 3323 | 1577 | 1572
cemet Case 1| 5477 | 3900 | 1134
(em”) | Total |Case 2| 6919 | 6037 | 4998
Case 3| 11990 | 8450 | 6294

Shear reinf. is measured along inside half shear span; Case 1:
Linear elastic plane frame finite element analysis with
ACI318-99 code; Case 2¢ Linear elastic plane stress finite
element analysis with ACI318-99 code for concrete shear
strength; Case 3 Strut-tie model approach
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Table 4 Maximum moments and shear forces in box
structures by linear elastic plane frame finite
element analysis

Load combination cases 1 2 3 4
Mem. 16-21[1162| 493 | 91.2 | 559
Posi= | prem. 4-9 | 339 | 19.1 | 284 | 203
tive
Max.
bending Mem. 10-15| 63.7 | 82.8 | 132.8 [1436
moment Mem. 16-21| 171.8 | 131.7 | 222.4 | 199.8
(tonf « m)
Nega= | niem. 4-9 | 1211|1203 | 1962 | 1999
tive
Mem. 10-15[171.8 | 131.7 | 222.4 |199.8

Mem. 16-21|193.3 [ 121.5 [ 2105 (1726

Max. shear force

Mem. 4-9 1248 999 [177.1 1959
(tonf)

Mem. 10-15]127.0 | 121.1 | 199.0 | 163.9

See Fig. 17 for member number
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Fig. 19 Plane strain finite element model for box
structure with haunch
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Fig. 20 Compressive principal stress flows in box
structure with haunch
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Fig. 21 Strut-tie model for box structure with
haunch
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Fig. 22 Dimensioned strut-tie model for box
structure with haunch
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