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Theoretical Analysis and Experiment Study on Ultimate Stress
Increment of Externally Prestressed Tendons

LI Li-feng, LI Tie-kui
(School of Civil Engineering, Hunan University, Changsha 410082, Hunan, China)

Abstract: In order to study the mechanical properties of externally prestressed beams under
bending failure process and ultimate stress increment of externally prestressed tendons, the
authors comparatively analyzed the national standardized calculation methods at home and abroad
on the ultimate stress increment of externally prestressed tendons, and designed two externally
prestressed composite box girders with corrugated steel webs. Moreover, the flexural bearing
capacity experiment of them was completed, and a nonlinear full-range-analysis program was
developed to perform the flexural behavior analysis. The authors took the span to depth ratio as
the main variable, considering the concrete strength, sectional reinforcement status, prestressing
force of externally prestressed tendons, based on the plane section assumption. According to the
beam section internal force equilibrium conditions in limit state, the simple calculation formulae
of ultimate stress increment of externally prestressed tendons were established by increasing the
compressed concrete area. 19 experiment beams were collected to verify the calculation formulae.
The results show that the flexural failure in the whole process of externally prestressed composite

beams is similar with the inner prestressed beams, but the externally prestressed tendons has not
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yielded when the beams collapse, the values of ultimate stress increment of externally prestressed

tendons calculated by standardized formulae at home and abroad are much smaller than the

experiment results, yet the values are equal to the results when ordinary steel yields. The

ultimate stress increment of external prestressed tendons and mid-span deflection are approximate

linear relationship. The calculated results agree well with the experiment results, so the formula

has a certain reference value.

Key words: externally prestressed beam; composite box girder with corrugated steel web; limit

state; ultimate stress increment; bending experiment
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Tab.2 Comparison Between Test and Calculated Loads

R i ZRER | RBRRES
T,/kN 110.0 252.9 340. 1
A
Ty /kN 108. 3 250. 0 320.5
Ty /kN 110. 0 317.0 385.8
7 B
T./kN 95.0 302.0 337.4
T, T3! 1.02 1.01 1. 06
T3Ti! 1.16 1.05 1. 14
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Fig.4 Stress Increment-mid-span Deflection Curves
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Tab.4 Comparison Between Test Results and Calculated Results of Stress Increment of

External Prestressed Tendons According to Specifications
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Fig. 6 Stress Calculation of Beam Section in Limit State
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Tab. 5 Statistical Data of Ultimate Stress of Externally Prestressed Tendons
Bk | R4S | BEM | A /mm? | f,/MPa | A/mm? | f,/MPa | g fo/MPa | Afy./MPa| Afy./MPa %
) ® 278.0 1000.0 | 400.00 390.0 0.76 70.0 658. 96 823. 40 0. 80
Hx B ) 278.0 1110.0 | 452.00 480.0 0.78 60. 0 460. 57 466. 50 0.99
B6 ) 278.0 844.7 402. 20 382.9 0.78 58.1 482.22 622.16 0.78
CHkL20]
B7 @ 278.0 878. 8 509. 00 362.2 0.78 52.8 519. 15 643. 84 0. 81
SB1 ©) 197. 4 460. 0 307. 88 360.9 0. 80 27.6 273.14 250. 00 1.09
SB2 @ 197. 4 543.0 307. 88 360.9 0. 80 31.5 298.70 280. 00 1.07
SB3 @ 197. 4 402.0 307. 88 360.9 0. 80 27.6 365. 17 330. 00 1.11
SB4 @ 197.4 414.0 307. 88 360.9 0. 80 31.5 378.05 450. 00 0. 84
Cik[21] SB5 @ 197.4 420.0 307. 88 360.9 0. 80 27.6 476. 47 550. 00 0. 87
CB-1 @ 197.4 745.0 307. 88 360.9 0. 80 27.6 361. 86 370. 00 0.98
CB-2 @ 197. 4 652.0 307. 88 360.9 0. 80 31.5 355. 54 450. 00 0.79
CB-3 ® 197.4 586.0 307. 88 360.9 0. 80 27.6 424.26 500. 00 0. 85
CB4 ® 197. 4 630.0 307. 88 360. 9 0. 80 31.5 450. 74 500. 00 0. 90
PB1 @ 278.0 482.0 402. 00 310.0 0. 80 40. 0 187. 58 255.00 0.74
PB2 @ 278.0 339.0 628. 00 310.0 0. 80 40. 0 205.97 237.00 0. 87
PB3 @ 278.0 539.0 402. 00 310.0 0. 80 40. 0 348. 37 457. 00 0.76
scmkl22]
PB4 @ 278.0 409. 0 628. 00 310.0 0. 80 40. 0 386. 64 434.00 0. 89
PB5 ® 278.0 682.0 402. 00 310.0 0. 80 40. 0 416. 24 440. 00 0. 95
PB6 ® 278.0 458.0 628. 00 310.0 0. 80 40.0 425.33 514.00 0.83

T O LA B SR @ — Pk A B SR s @R PR A B SR s Dy S5 — YTk A B S O N B TR SR A e

Iy P SN ) A5 R 4 0
P55 A GEUR N TS 1 AR B, . 2 D T B By Be T 3R
W BB B B 5 B FROPR 285 i A A1 TR g A3 9 oA 2k
T IR B W PR VE ) e AR 4 T A R R R AT R
fife IR ARAT B TN g 3 5 BE B AR A DL A
EH.

(2O MRS T B AT I X I 2 A B 10 1A S T
1 G RE R AR SN TN 3 A5 B A S S AR S R
3 TR SRR AT £ A B A AT BN ) A . HLAE R B
Lo =03 a5 A AT A i) R LD /N O AR s T
O 73 53 F9 T [ 20

(3) LARIAT PN 7 % D 25l 25 IS TR Bk 2 IR X
B4R AR B &S T RSN TN 7 B FR R g 1 A
R A XA A X RE S REY & R B
S B S 8 S AR AR S bR TRl B
BN PIUE 3 A5 e BRI 3 BB A7 47 Wi B2 7

(AT K 56 52 S 17 S 52 4807 50—
5 S B 2 B A 8K 2 R MR AN TN T A TE 4 B A
BT B BRI g 38 b A fr alt— P EST .
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