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Fig.2 Schematic diagram of n-type steel strengthening (BalE%ANE)

Fig.3 Sketch of n-type steel strengthening(left) and reinforcing with
bonding steel plates(right) (black line indicates the crack)
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Tab.1 Comparison of result of unreinforcement, reinforcing with bonding steel plates
and n-type steel strengthening under ultimate limit state

SRR BRDO R BRQ
YA /N - m?2 61913 72 038 82 263
JA i /mm 1.84 257 273
o BRIQIRIAH BRIQHRIH IR EE
) (2-@)/Dx100% (®-D)/Dx100% (®-@)/Dx100%
BT RT3 % 16.35 32.87 16.52
BAHE AT 3/% 39.67 48.37 8.7
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Tab.2 Strengthening effect comparison of the n-type steel strengthening with different web heights under ultimate limit state
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Fig.3 strengthening effect comparison of the n-type steel strengthening of different thickness under ultimate limit state
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Tab.4 Stability analysis of the nt-type steel with different ratio of height to thicknessin different beam spans

B12/m 10 16 20
B /he ! HFRAG 4 /N - m? I 55 e ot 2% % WA 4 /N » m? I 55 e ot 2% % MFRAGH/N - m” I 55 it 2R 2
20 7702 107.560 3209 74.312 2053 64.140
28.1 7 809 53.204 3313 35.415 2 063 31.199
37.5 7913 34.896 3433 22.370 2132 19.713
48.6 8 049 24.382 3518 15.240 2183 13.398
59.7 8279 18.526 3628 11.282 2266 10.392
87.7 8 689 10.904 3818 6.193 2388 5.303
120 9030 7.877 4022 4.150 2528 3.468
159.1 9 388 6.463 4228 2.827 2673 2.280
200 9 848 6.208 4470 2.125 2832 1.724
250 10 223 6.099 4 680 1.750 2982 1.285
303 10 582 4.306 4916 1.552 3130 1.066
366.7 10 626 2.613 5123 1.387 3286 0.872
#E/m 24 27 30
PR /h - ! WA 3 /N » m™ I S5 7 ot 2R % WA 3 /N« m™ I S5 7 it 2R % M PRAGHR /N - m” I 55 I it 2R %

20 1354 59.444 1029 56.999 806 53.990
28.1 1397 28.128 1062 26.971 832 25.547
37.5 1453 17.652 1105 17.001 867 18.603
48.6 1 489 11.978 1132 11.536 888 12.623
59.7 1527 8.858 1180 8.522 929 9.112
87.7 1625 4717 1255 4.579 990 4.765
120 1723 3.050 1347 2.949 1106 2.940
159.1 1822 1.976 1421 1.914 1132 2.047
200 1941 1.458 1518 1.404 1215 1.472
250 2073 1.077 1 600 1.012 1275 1.070
303 2199 0.857 1 687 0.799 1 349 0.809
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Fig. 7 Figure of the ultimate load trend of the n-type steel with
different ratio of height to thickness applied in different beam spans

Wi TR —BHE A >4, WDMRIES WA L ELRS . Bl lE 4 TR H : ERIESWA R4
KFa, FHREES W SRR RRE I MEE T, © BBREmE BT e : MR L <10 m B, &
JE h/c<303; 42 10<L <16 mBf, HEKL 120<h/c<303; & 16< L <20 mBf, BEL 87.7
< h/c <120; 4% 20< L <30 m i}, BJEK h/c <87.7, HEIEnRAIHTRE &R Emai, YA



518 WK%, S SR A A 1) WL A 21

(1) m ZUEAARN [ 5 R A REE BIRAK FHRIE R, BU/NRIRIREE BRI . EERMERERET, X
T Hi L ERRMBOTER, w0 B HAR N R R SR B S 15 R 0l AR o [

(2) FEERMBRMAT, REERETDRIRGIRME T, HERBER R B E ORI TR AR R

(3) FEHAMR AL, B BAR S B SRS AR A AF T, o UM S 58, s
HRGEN PRS2 AR AE AR A R, Rk LA, WRIRMED, FRRmmRt.

(4) FESFRIMEAIE T, o ZUHIAR 5 ol KR 2% S B B R RS AE L PR TR, EARIEAS R
MRS 6 A G RS R o BB

Sk References

(1] T 3. BT A TR e - 2 Co R AT B 22 1) 32 A5 R BN 23 A 0], 2R R 24224 HARBHAAR, 2012, 42(4): 734-738.
XIANG Yigiang. Spatial behavior and strengthening analysis of fabricated PC hollow slab beam bridge with hinge joints[J].
Journal of Southeast University:Natural Science Edition, 2012,42(4):734-738.

(2] #APCZ, SKEDE, BRROE, 5. TT RUEARAZEAT S8 0 6 TAZ i 2 A ] METEOR, 2011 (3): 44-47.

HU Qingan, ZHANG Tongzhou, WU Xiaoguang, et al. The n-type Steel for Strengthening Deficient Bridge Structures
[J].Construction Technology,2011,(3): 44-47.

[3] EHrf. ANSYS TRELHEUESAM]. Jbnd: AR i hieit, 2007.

WANG Xin-min. ANSYS Numerical analysis of engineering structure[M]. Beijing: China Communications Press, 2007.

[4] Xue Limin. Nonlinear finite element analysis of mechanical performance of reinforced concrete short-limb shear w-
all[J] .Wuhan University Journal of Natural Science, 2005,10(3):110~125 .

[5] Bn%. Ansys HfrBAT0 SolideS FyZ4E M BY ) 1533 R BOPE]. TR 2244 A ARBHERT, 2008, 29(2): 169-172.

LUO Rudeng. Values of shear transfer coefficients of concrete element Solid65 in Ansys[J]. Journal of Jiangsu University:
Natural Science Edition, 2008,29(2):169-172.
[6] ¥EAA:. ANSYS iy iR SE 1 o)), PG TR Y244 ALE A TN, 2004, (4): 526-529.
WANG Dongsheng. Reinforced concrete units in ANSYS software[J]. Journal of Wuhan University of Technology, 2004(4):526-
529.

(7] BEARRS. WEREFN SR AS kvt S A0 4 U SR RLT]. SR K2R, 2002, 23(3): 44-51.
TONG Genshu. A Controversy and Its settlement in the calculation of buckling moments of thin walled Beams with Monosym
metrical I sections under distributed loads[J]. Journal of Building Structures, 2002, 23(3): 44-51.

(81 XS, XK b, AR, S THFRRG ML MRS E & 2 R BT | PE K224 A RBHART, 2009, (6): 719-724.

LIU Jian, LIU Yongjian, YANG Bingcheng. A discussion on linear elastic stability safety coefficient of bridge structure[J].
Journal of Guangxi University: Natural Science Edition , 2009 (6):719-724.

Nonlinear research of n-type steel used for plate-beam bridge strengthening
HU Qingan, LI Ke, FENG Yuesen

(School of Highway, Chang'an University, Xi'an 710064,China)

Abstract: Due to the factors of vehicles overloading, cracking on plate beam bottom has become one of the primary problems in
plate-beam bridge operations. In sticking steel slab technology, steel products utilization rate is low, so the reinforcement effect is not
ideal. According to the principle that the increase of the primary beam flexural stiffness can decrease the maximum vertical deflec-
tion and internal forces of the primary beam under the same load, and eventually reduce the beam bottom cracks, the author first pro-
posed the n-type steel strengthening technology. And by utilizing ANSYS program to carry out the space nonlinear finite element
simulation calculation, the author compared the effect of primary beam bottom crack prevention by changing n-type steel height and
ribbed slab thickness with sticking steel slab technology, Following are the conclusions drawn by the authors: the resisting force and
the ability to resist deformation of the plate beam in the limit state of the former case improved a lot more than the latter one, and the
effect of improving capacity and preventing primary beam bottom crack is better by using n-type steel technology than sticking steel
slab technology. The author also further compared and analyzed the stability problem of nt-type steel used for plate beam with differ-
ent lengths and optimized the 7-type steel cross section dimensions.

Key words: plate-beam bridge; n-type steel; nonlinear;bottom crack; stability; ansys
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