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Mechanical Performances of Prestressed Concrete Beams with

Large-diameter High-strength Steel Strands

WANG Jun, LI Ting, REN Jing-hao

(School of Civil Engineering, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: In order to explore the mechanical performance of prestressed concrete beam with large-
diameter high-strength steel strand, the stress performance tests of six post-tensioning
prestressed concrete beams under vertical loads were conducted. The prestressed concrete beams
were made of 1860 grade steel strand with 17. 8 mm diameter as prestressed reinforcement and
HRB400 grade steel bars as non-prestressed tendons. The test data about pre-stressed concrete
beam, such as the stress of steel strand and non-pre-stressed reinforcement, concrete strain,
maximum crack width in short term, mid-span deflection and so forth were analyzed. The results
show that the work performance of prestressed concrete beam with large-diameter high-strength
steel strands as prestressed reinforcement is well. The flexural failure form and flexural mode of
prestressed concrete beam with large-diameter high-strength steel strand is almost same with
ordinary pre-stressed concrete beam. The mid-span control section of test beam meets the plane
cross-section assumption, and the ultimate bearing capacity can be calculated according to the
specification of normal section bending theory. The calculated crack width and deflection of test
beam according to current specification agree well with the measured value.
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Tab.1 Parameters of Specimens

A S| L/mm | Lo/mm | L/h | BT RAGES | AEWN D Z RS | ZIEXAHES | 0/% | o/ % A Soyk/MPa
PTCB-1 4 500 4 200 12.00 14517.8 2¢ 12 2¢12 0. 338 0. 369 0.797 1 860
PTCB-2 | 4 500 4 200 12. 00 14°17. 8 2¢ 16 2¢b 12 0.333 0.727 0.688 1 860
PTCB-3 | 4 500 4 200 12. 00 14517. 8 2420 2¢ 12 0. 331 1. 040 0.585 1 860
PTCB-4 6 000 5 700 16. 29 14517.8 2@ 12 2@ 12 0.338 0.369 0.797 1 860
PTCB-5 6 000 5 700 16. 29 1$517. 8 216 2@ 12 0.333 0.727 0.688 1 860
PTCB-6 6 000 5 700 16. 29 14517.°8 24 20 2¢ 12 0. 331 1. 040 0.586 1 860
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Tab.2 Mechanical Performance Parameters of Concrete
R AR fi/MPa
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Tab.3 Mechanical Performance Measured Values of

Steels and Steel Strand

fea/MPa fe/MPa E./MPa

34 500

R fv/MPa fu/MPa E,/MPa
HRB400(¢ 12) 432 594 201 000
HRB400(¢ 16) 442 598 201 000
HRB400(¢ 20) 445 615 201 000

1860 WL Lk $°17. 8 1735 1923 196 300
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Tab.4 Measured Values of Cracking Load and
Ultimate Load

4% | PTCB-1 | PTCB-2 | PTCB-3 | PTCB-4 | PTCB-5 | PTCB-6

F./kN | 76 62 57 53 15 55
Fi/kN | 158 177 219 102 130 145
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Fig. 4 Load-deflection Cures of Test Beams
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Fig.5 Load-strain Increment Curves of Longitudinal

Tensile Reinforcement and Steel Strand at Mid-span

Section of Test Beam PTCB-1
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Tab.5 Comparison of Measured and Calculated

Values of Ultimate Carrying Capacity

K45 | PTCB-1 | PTCB-2 | PTCB-3 | PTCB-4 | PTCB-5 | PTCB-6
F{/kN 158 177 219 102 130 145
F5/kN 135 168 207 100 123 152
Fy/Fs | 1.170 | 1.054 | 1.058 | 1.020 | 1.057 | 0.954

e P CNEENGE R EE N SNSRI T
2R TN, S B AR B S S LK 6.
Fo6 REXHOIGIHBRBARAINESIHEE
Tab.6 Measured and Calculated Values of Ultimate

Carrying Capacity Based on Reference [9]

WA G5 PTCB-1 PTCB-2 PTCB-3
FY/kN 183 186 174
F¢/kN 168 168 168
F\/F 1.089 1.107 1.036
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Tab.7 Comparison of Measured and Calculated

Values of Average Crack Spacing

145 | PTCB-1 | PTCB-2 | PTCB-3 | PTCB-4 | PTCB-5 | PTCB-6

l&/mm | 187.92 | 167.04 | 157.86 | 195.60 | 167.79 | 148.53

{&/mm | 195.76 | 168.11 | 150.29 | 195.76 | 168.11 | 150.29

L/ 1 0.960 | 0.994 | 1.050 | 0.999 | 0.998 | 0.988
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Tab.8 Comparison of Measured and Calculated
Values of Maximum Crack Widths

) (18

WA g5 F/F, Whax /M Whhax /MM Whax/ @hax
PTCB-1 0.633 0.22 0.231 0.952
PTCB-2 0. 588 0.22 0.233 0. 944
PTCB-3 0.521 0.21 0. 200 1. 050
PTCB4 0.715 0. 20 0.195 1.026
PTCB-5 0.615 0.21 0. 200 1. 050
PTCB-6 0. 634 0. 20 0.201 0.995
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Tab.9 Comparison of Measured and Calculated

Values of Short-term Mid-span Deflections

i 445 | PTCB-1 | PTCB-2 | PTCB-3 | PTCB-4 | PTCB-5 | PTCB-6
/,/mm 14.11 16.69 | 19.92 | 22.98 | 30.93 | 31.92

l./mm 14.59 16.45 18.90 | 20.49 | 29.95 | 30.00

L/l 0.967 | 1.015 1. 054 1.122 1.033 1. 064
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