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Design of Anchorage Zone in Prestressed Concrete Structure
Using Nonlinear Strut-and-Tie Model

L Cofeles HEF HEF

Bae. Han-Ug Song. Ha-Won Byun. Keun-Joo Byun, Yoon-Joo

ABSTRACT

In this paper, design and analysis of anchorage zone in prestressed concrete structure
usinz nonlinear strut-and-tie model is presented. Anchorage zone of prestressed concrete
girder is a critical zone where large concentrated force due to prestressing by tendons is
intreduced. The design of the anchorage zone has been mainly based on experience and the
analysis of the anchorage zone for the design also take lots of times and efforts for the
computation .

Nonlinear strut-and-tie model is an analysis and design model which constructs strut and
tie based on nonlinear analysis considering the nonlinear behavior of concrete. Based on the
nonlinear strut-and-tiec model, the design is performed for the anchorage zone having
singular concentric tendons, singular eccentric tendons and multiple tendons and ultimate
strengths are predicted. For the verification of the analysis results, comparisons are made
with experimental results and results by the linear strut-and-tie models. From the
comparisons, it is shown that the design of the anchorage zone by the nonlinear model is
still economical without losing the degree of safety and the prediction of the ultimate
strength by the nonlincar model gives better accuracy than that by the linear one.

Keywords © anchorage zone, prestressed concrete girder, nonlinear strut-and-tie model.
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Table 1 Evolution of strut-and-tie model

Researcher | Year Model Description
Ritter 1899 Truss for beams i shear
and torsion
Morsch 11912 Truss for beams in shear
and torsion
Kupfer |1964 Truss for special problems
e.g. corbels, etc.
for specic blems
Leonhardt |1965 Truss or special problems

e.g. corbels, etc.

Mohr derived Mohr
Collins |1973 | Compatibility [compatibility

Truss equation
s verified by the
Thurlimann|{1983 Plasticity tower bound
Truss
theorem
L verified by the
Marti 1985 Plasticity lower bound
Truss
thcorem
Schlaich, L
Schafer generalization for
qndyv 1987 | Strut-and-Tie|all reinforced
i . concrete structures
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Table 2 Details of B1, E6, M1, M4 specimens

speci spiral
men Ock reinforcement anchor plate
5380psi D17 7, (6:57 X657 %1
5 ; = . , N -
B1 (379ke/em) s 1.257(3.175 (16.51Tem> 16.51cm %
lem)
cm), 7 turns
#3(H10), " P "
gg | 5650psi |D=8"(20.32em |00 105 S
0 | (398ke/an) [s=27(5.08em), ez b ot
Tem)
4 turns
#4(H13) " ” ”
" ' 68" x6” x1
5940psi |D=6"(15.24cm), o -, g
ML (41 8kg/en) |s=1.57(3 8Tem), || D24 15 24cm
Tem)
4 turns
#4(H13) M "
” ) 67 x6" x1
6620psi |D=6"(15.24cm), | . = o
M4 (466ke/cr) |s=1.57(3.81cm) . (15.24em > 15.24¢m >
Tem)
4 turns

D = Diameter of Reinforcing Bar,
s = Spacing of Spiral rebars.
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Fig. 3 B1 specimen(mm) Fig. 4 E6 specimen(mm)
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Table 3 Design results and reinforcement of tested

specimen

Speci| Design Ay by AS by A,
men | member | linear [nonlinear| (tested
| 5™ STM |specimen)
81 © 0.972 in® | 0.847 in“| 0.800 in®
(6.271cr) | (5.460cr) | (5.160¢cr)
B T B
o 1 0.665 in® | 0.628 in*| 0.489 in*
e [(4.290cm‘) (4.050cm) | (3.510cr)
o | 1.048 in*]0.971 in*) 0.880 in*
MI D 2830 6 2900 | (6.2600m) | (5.680ar)

o o ol 1116 in* [0.945 in?| 0.880 in’
Md 92 B 2 900am | (6.100e) | (5.680ar)
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Table 4 Comparison of ultimate loads

Test Test
Speci| Linear {Nonlinear Test™ —
men STM STM Linear | Nonlinear
STM STM

301kips | 345kips | 366kips | | .
Bl 1 (137c0n) (157ton>1(166mn) L2z 106

256kips | 271kips | 348kips

E6 | (116ton)| (123ton) | (158tom)| 176 | 128
955kips | 276kips | 304kips

MU (1 6ton)| (125ton) | (138ton)| 119 | 110

M4 324kips | 383kips | 411kips 1.27 1.07

(147ton)| (174ton) {(187ton)
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