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Tension identification principle and technology for prestressing fine-rolling
screw-thread steel bars based on a threaded connection model
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Abstract: To prevent web cracking of a pretensioned concrete box girder bridge, this study aimed
to provide a more efficient accurate test technique for effective tensile force of prestressing fine-
rolling screw-thread steel bars and revised the relevant regulations. It was considered that the
anchorage nut and the anchor plate of prestressing fine-rolling screw-thread steel bars were
connected by springs and the stiffness of the coupling spring was the normal contact stiffness of
the contact surface. Dismissing the fixation assumption of the steel bars and anchorage nut, the

connection between the steel bar and nut threads were considered as a cantilever structure and the
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stiffness of springs was calculated using the graphic multiplication method. The dynamic model of
the bending vibration of the prestressing fine-rolling screw-thread steel bars was established.
During the process of joint force transmission of fine-rolling screw-thread steel bars, the force
transmission in each lap of thread was non-uniform, and the farther away from the contact
surface, the smaller the force transmission. This may change the length of the exposed segment
of the steel bars and affect the accuracy of the test results. Based on the thread characteristics, a
modified equation of the normal contact stiffness of the contact surface was proposed. Finally,
model tests and field tests of multiple bridges were conducted. The results show that the problem
of the tension test error caused by the different exposed segment lengths of the anchor system of
the prestressing fine-rolling screw-thread steel bars is solved using this method. The relationship
between the normal contact stiffness and tension of the anchorage nut and anchor plate is obtained
and which conforms to the general rule of the relationship between the normal contact stiffness
and force. The results of the model and field tests show that the relationship between the normal
contact stiffness and tension is stable and effective and can be used to conduct field tests and
revise the current test specifications. The implementation of this code is of great significance to
thoroughly solve the problem of excessive loss and failure of vertical prestress. It can be extended
to other structures with a similar anchorage system. 6 tabs, 11 figs, 21 refs.

Key words: bridge engineering; tension identification; natural frequency identification; fine-rolling

screw-thread steel bar; spring connection; contact stiffness
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Fig. 1 Sketch of prestressing fine-rolling screw-thread

steel bars structure
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fine-rolling screw-thread steel bars structure
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Fig.5 Experimental model of prestressing fine-rolling

screw-thread steel bars
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Tab.1 Testing mean values of natural vibration frequencies for

each exposed segment length

AR L Cem) R B3R A5 %/ Hz
12 14 16 18 20 22

T/kN

100 512.8 405.9 338.5 274.0 260. 8 211.0

200 537.7 455.7 367.8 301.8 278.4 231.5

300 553.8 467. 4 383.9 316.5 285.8 243.2

400 565.5 471.8 392.7 325.3 290.1 249.1

500 574.3 474.7 400. 0 331.1 293.0 252.0
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Tab. 2 Experimental data for Chonganjiang Bridge
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K, 2008 AELISKSER T 50 2 e M 9t I 3 i L L
AL I 5 R R Ik 2~ 3K 6 TR,
2013 A3 5t N B rb g K R RK 41 TR e b 3k O
AR UER 2014 AR B N AR Bl R K — 8L
HL) R N B T L VLR L T KPR 5 2017 AR
R 5 0 A PR R AP L) 8 8 % o R AR KA
JIT & 0 B G 8 ) TN ) #f 34 Ch H AR 32 mm Y
PSB780 K5 5L 42 S0 7 . A 3, 0% 3R 2~ 3% 6 Bl
PN CLT) 153 20 A 42 fuke W B2 B AR A K (18D i A7 4%
o L5 RANE 10 Fron. 5 R HF 9% 00 4 il W RE 5 4k
[ kB g 56 & R WYL X T ] — 25 Y R 4L IR S0
A 42 Ao T 9 1) D BE 5 TR R O R B — Bk

l>/m M/ He Ak HL I T/kN
0.139 568. 70 250. 68
0.149 591. 41 494. 54
0.154 593.10 588. 44
0.172 443. 80 218.40
0.178 470. 30 485. 20
0.182 454.70 627.62
0.169 469. 90 256. 37
0.175 480. 00 468.02
0.184 460. 50 635. 06
0. 180 424. 60 244. 41
0.186 418. 40 441. 92
0.190 420. 10 630.63
0.149 552.50 219.73
0.153 554. 40 400. 51
0.159 562.40 614. 60
®3 EFANKREE
Tab.3 Experimental data for Huangping Bridge
l»/m AR/ Ha FHskHL I T/kN
0.135 618. 00 221.79
0.142 634. 30 422.19
0.149 603. 70 615. 35
0.156 537.30 239.49
0.162 508. 80 410.02
0.168 503. 50 623. 87
0.151 553.50 228.63
0.157 553. 80 431.95
0.163 531.90 624.33
0. 150 547.20 191. 25
0.157 540. 40 403.52
0.164 532. 90 676.97
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x4 EHHEEKBHRE
Tab. 4 Experimental data for Caodipo Aqueduct
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Tab. 6 Experimental data for Zhongmulin Bridge

l3/m MM 2/ He BRKAL S T/kN l>/m A%/ He ARk BL S T/KN
0.216 320. 60 89. 74 0.278 225. 36 202. 6
0.223 316. 70 227. 54 0.283 217. 97 370. 3
0.236 301. 90 411,49 0. 289 212.12 452.6
0.240 295. 70 494. 08 0.294 210. 94 556. 3
0.244 290. 60 615. 38 0.243 274. 22 192.3
0.194 335. 80 185.16 0. 250 267.19 349. 6
0.202 358. 50 165. 74 0.257 261. 33 474.8
0.213 356. 80 345. 47 0. 260 255. 47 580. 0
0.218 345. 00 483. 35 0.277 216. 83 195. 4
0.224 335. 00 586. 15 0. 286 213.29 349. 1
x5 EREERBEE 0.297 202.74 550. 4

Tab.5 Experimental data for Jiaojia Aqueduct 0.299 203.91 560. 1
5 m WA % Hz R T/RN 0.273 214. 46 217. 8
0. 207 341. 90 287. 27 0. 282 214.40 344.4
0.214 348. 80 431.31 0. 287 208. 64 449.8
0.219 342.10 626. 08 0-295 202.74 078.0
0.171 427,50 392. 82 0. 264 221. 49 194.9
0.179 456. 80 447. 24 ik 230. 87 353. 1
0.182 446. 20 662. 04 0. 277 223.83 S958
0.131 641. 50 303. 08 0. 288 216. 83 o87.5
0.138 645. 20 506. 07 0.215 323. 44 186.8
0.143 636. 00 676. 59 0. 222 323. 44 350.7
0.193 400. 30 218.93 0.227 S1L.73 455.6
0.199 394, 20 451. 00 0.235 304.69 584.0
0. 205 390. 00 602. 54 B 2 TR T B AR G 1 2 S 8. A
0.180 393.70 212. 95 TR R R EE £yl 2 (18) R (19) 78
0.188 432. 00 502. 30 T 1o
0.193 422. 20 593. 94 T=ak T. <0. og) +b (20)
0.173 439. 30 230. 14 3% (20) TR 1 R 1
0.181 413,40 461,47 b
0.192 396. 50 629. 27 T D
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Fig. 10 Relations between contact stiffness £ and tension T for 5 bridges
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Fig. 11 Instrument composition and test
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