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REIRIS, 7 i 22k o 5 TR ¥ - 58 3 o R s YR
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1 RAENE

1.1 A
IR 2 BN LR AR A4
[m] k¢ Ab B 7% 49 77 (Remained-heat-treatment  Ribbed
Bars, RRB)4ififffi(RRB400)FIZ\fi(HTRB600). ik
HIXF 2 AP 3 A 3 ARES THA I, 2558 00
#1.
F 1 HSSB RIMLiX 2

L, HAR JENGEEE Bihomas R/
W - -
mm MPa MPa %
RRB400 6 482 541 2.5
HTRB600 12 625 829 8.9

2 FREE T FRS R C40 F1 C60, 43 HIHIME 3 B
KA 150 mm 157 IARTREE ik, JF5 RC 22
—HIE 28 d. HIESCHR[1S1HEF T, S 40 AN
C60 IR ER L4351 R 42.1 MPa il 1.8 MPa.
1.2 R A&HF R 4E

RIS TR RN | AR BE - A2
4 YRR 2). U gn 5 HUNH RE YN AT 1 | TR
e SR HIECHTR . INEEE I T A, R
N BT D Ml G s, #mad
5 T £, flan 6C406D AL TN N

HTRB600. JR#E+ A C40. BN 0.6% . SN
SRR, T IRSE L om B AcE R R, MR
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HiRFEI9NT N HTRB60O | i/~ RRB400. 1R,
it FEd, A R R 1800 mm, B
1500 mm, B#EKATAA 300 mm> 150 mm, 4
FATREE R RN 25 mm.
*2 REHE
e Nl TREE EOER gk
W5 liiES e

6C406D  HTRB600 C40 0.6 i 3
6C606D  HTRB600 C60 0.6 i 3
6C406G ~ HTRB600 C40 06 EE 3
6C606G  HTRB600 60 06 EE 3
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1500 mm, 4 ¥ [ 7E MM S T

RIGEHE 1 FRK) 4 SaiingorX, 214
T8 A543 AR A 5 ) = 2543 i Ak R IR 2
R L R 2 P EO R G, T (e
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FFEH 0.2 mes )Y P P A EE 2.
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55 6 1 SRR, %5 HTRB60O WXAHTREE 1 32 sh W HLER IR 5% 53
AR 5, () FH AR e BN A5 AR . FE G2 A0 RSB I

BA B AR () R IR B L. B 1 2R
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KALBF IR BEAT IA B FRAIRZS. HTRB600 RC FEAE
AINET 19 12 Re Sk 16] 2 T THEFE. Il
FXFH RC RIEARINEE T 1) f12- e Re s 1k,
W A Izt a5 87 F 3k 3.

R®3 REER
W 3w e oRfr JEAREER oK
HE H/AN O EH/AN O FH/AN  E/mm B/mm

6C406] 373 145.7 175.1 5.54 322
6C606J]  32.5 146.7 185.5 5.66 36.6
6C406D  73.5 155.9 1743 4.91 22.0
6C606D  75.8 168.4 198.5 5.61 18.7
6C406G  84.6 169.7 205.4 4.87 233
6C606G  95.4 172.5 203.9 4.50 21.7
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A GEMEEME N RIS IAA, ¥h
TBEIR. 16 R 7 B A Al S B A Ay TR
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IS (14 45 8RN J3E 0 1) Jekh AR Ao 281 e ARG L. 2
ARG, AN LA, (EE AR
BRI, i BRI A EEA R KF, E =
AR KA TR,
220
200 -
180
160 -

- 140 -
= 120

—=— 6C406D
—o— 6C606D
—A—6C406G
—¥—6C606G

iE 100 |
80 K
60 H
40
20

0

0 é lb 1‘5 2‘0 2‘5
BeJE /mm

B3 T IREs
23 REHEESHT

3 MK 4 BoR TSR] INEGE E (ERA  R
AT RC AT M RE Y52,
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250 | I K o WREL, X C40 IREETI 1.0, XF C60 R
o o e 1 0.98; £ AREE T 5 OPT RIS b R AH TE
- —— 150 kN B x NERIAISZ R XS, f, BT R e, 48
g e e s - ya
%”“ ZHU AR, ho AR A0
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RAH 0.10s ', IREEHIVAERLZH 0.08s . W
SCHR[18-19], A AIZRET HTRB600 Ji R 58 % s 4%
3K [A-F-(Dynamic Increase Factor, DIF)>} 1.03, &
EEHPURSREE DIF A 1.15, i ingkes HTRB600
Jett iz 5 B2 DIF 24y 1.06, JEGE - HTH 8B DIF 4 1.20.
TR R SSTmZE L LE 4, H M) A
IS0 RS 4, M, ST B IR .
FAN[LIES, 8 DIF HFEMRERE S, KA
AT B AR e, HE 2.
*4 TMERTEMTERERSE

RIFHS MY/NmM)  MSIKNm) MM
6C406D 38.98 36.38 1.07
6C606D 42.10 37.00 1.14
6C406G 42.43 37.46 1.13
6C606G 43.13 38.09 1.13

3 HEE

3.1 A Fet(Finite Element, FE)BL A

i T ah A2 b 244 & R EUE AR, H
Tork BB N AR 09 284k, ARMETR A T fiF
RC I FE. B, RHILS-DYNA R RAR
LAF RC Z2AE D 3 B S8 8T 8 pL e
MRHHEA. 78 FE BRI, B ik i =4k
SARFAIT. AR UEBE B R TE, SR SE L]
RGTIAAL, BN g-mm-ms. BB O
TS TRLR, HANER A E AR, R
CONTACT_AUTOMATIC SINGLE SURFACE %
AN 7 S TR RE - 2 B A R T R
M B, BERUR /SR AR 53, 6 mm Y A% R
AT DLOR TR S TSR BE, A 0] 3 S A A AR
WK 6 s,

SR

REEL

6 HIRTKRE

3.2 MR
32.1 ®EE

% MAT 159(MAT CSCM_CONCRETE) X%}
TRBE - JE A, DR RY AT D o ol T o5
TS INE T 445, 78 LS-DYNA FEJ7H
TZA BT AT LUAR Hh i A P TR B8 - 1% B 5 38 R
B RBBERST | it A T A MR 25 R
BT MBS (ERODE) (M A 8 R BA T,

A5 ERODE {HiZE R 1.1, B4 EIGHY
R FEWASELL 0.1 B, FRITR BB H I B
TRBE 19BN 232 grom °, ACEBER T 30 mm,
A SR B SN B TR
3.2.2 4R

FHAIMAT 003(MAT PLASTIC KINNEMATIC)
AR XTAN A 64 T A, b RHEE R T 12
FHF B0 7 TR B = 250 v B . ASF 5 9 7
WHEN 7.89 grem ., RSN 200.0 GPa, AT
Feh 0.3, Jomt Ml s B AN A8 2 (o AT oL,
Cowper-Symonds UL AN i 14 Lz AR A0 .
323 #1 . X EAfHEE

N RN ) | B LSS G R T =
FER LAY, RO MAT_020(MAT _
RIGID) KA S BC SR
33 HAEEMER L XELE R A

6C406D Fll 6C406G 1l 4-7E MY s Hh A2k
TR B E R A R E 7 . AE 7
RAILUE Y, 2488 K JRIE S SEA TN, B mln] A
B RCORAEVT £ 25 M st hn 2 rml R s
=K.

R 5 07 A —HR B it Zext b &l 8
N NEL 8 ATLUE H, Wi KRG IEAMF. [F
BF AT, 6C406D A4 Y SN FNESAEL AL et i 7o 2%
351k 155.90kN Fl 173.44kN, i%2E°N 11.3%,
6C406G a4 1y S AN ESUAELABEADL Jeth JIR £ip 28 53 301 A
169.70 kN F1 193.18 kN, %2k 13.8%. A WHUH
B 45 R 500 25 A — 3, BUERL AT DA
HERf S RC RAEAS[A] N5 iy e,
3.4 R THEAABMEGRGAE AT

IR FE e g oy vk, e e 4 1
300 ms N IENAR, 12488 Ty S, DA s
1k PR HR A DL A O 25 X 1 2 4 1 B R A R T
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WA BRI 2. Q)TERUE B b A BROC A
PR Ak A2 AR, T S B rh TRBE - 1 B
PERR, SFEEEBPL SIS iR 2.
WA RRELINER, O a8 AWK, fEal
BRI H BT A0 T 24k, 7E 2 5 X B
45°5T 1 548E, HERISEIE 2 R IX S, 7E 60 ms
B, AN ) IR E e AR 2, IR AR 1Y)

A RO N AR A3 AT A 9(b) s . X IR g 28k
173.44 kN, X3 AR B B, ATk A 88 PR AR
TEB B, WA, (BN AR PREIE, B20
PRRE PRI K. 5 i LB A T ) 2 R X B, HL
RGP R ) 2 X B 8l ELEM
) 205 ms B RICAEIR, (A ERA FITEEE 1 1Y
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3.5 MFRARR 5

A2 AL TR R BRI, oo =
PRANCEIR, DR ik Te vk v i 000 75 6 4% g A R iy
FOFNER B, A B 58 2o BB AP 1 i 5 2 1Y
W PR Ar R A . A BR oy 2 SR 8 AT IR i 2
EXVINERY 7S UR e tha e Wi 0b = N i D VA S OF 798
R PR BE . IR AR A5 () A% PR i 28 R AR PR B¢
FEWLFRS. AEFXTE, FSHHIHE TSCHR[16]ER
EyIIE R EE S IR e €/

RS OHEEMER

- JMedsy  ARBRAT bR ARFRER T
/KN /AN F/mm  E/mm
6C406] 145770  175.10 5.54 32.20 5.81
6C606]  146.70  185.50 5.66 36.60 6.47
6C406D 173.44  177.13 7.47 31.08 4.16
6C606D  184.22  200.02 6.91 30.22 4.37
6C406G  193.18  217.01 7.37 29.45 4.00
6C606G  199.12  223.54 6.74 27.95 4.15

M5 LA, A% B B in ek B2 9
e T A, R PR R it 5 10 8 38 49 8 0 i /.
T R BE 5 B 2o AR R R AE S A I T AR BR- A
B, WNRIBRGESE, (IR iR B R .

RC ZEFENE: HOR AR L BE T AT 246 1R,
TEME PE e SO AR FRARAS IR 85 rh B2 2 5 5 et etk
AR ERE R A, R 5 TR, BN
BRI, RAVIENE TR, HIECE Co0 JREE L
AR SR AE I L

4 i

YEASEITREE+ 58 ) HTRB600 RC BT T
AN TR B 1 D o il s, RO T SR A R 3
fEJ1. i LS-DYNA F2Jpay T AR oIER, i3
1 BRI AT T 0 Sh AP AT LR AR IR Ak 2
01, EELEBWT:

(1)HTRB600 RC ZE7E Y £ 25 iy HR s 4 T 11
MBI 25 M IR, WSR3 A AT L4325
BB, AT A TAERY BERBESR I B, ST T MERA Y
FE BiMY, RINGEHZEE R RIS AR
I A5G R B ISR = AR 2, B S4B A 4l B
BN, [RIEEZ 55 XA LR R 2L, AR
IR J5 A4 1) 6 B IR B AN WIS, B 2 WIICHER.

(2) Z2 11 e R Ao 280 e A o 28 3 () 184 A Jr
Tt 6C406 A1t I Air 253 ABE I N T 7.0%F1
8.9%; 6C606 k14 1Y Jek i far 2K 43 5134 3% I 1
14.8%1 2.4%.

()5 B RS T B AT, AR5 il AR
O3 3R] LAVHERS TH00 SR A PRz A e A s 4.

(O LS-DYNA F2JF0H5E T 2K PR AR 2%
T3 A PR Ay 3B A 0 280 1 T i o, AR BR e
JEE FIAE 1 LU o i 2 P ) 2 s s, TR
588 XA PR 2 T s/

BE 3k

(11 8, XZETE. o o i A 7RI BE L 45t b i iFsY
SR SRR, 2016, 46(12):49-53.

[2] ZAH, WI5Eil, FEkill. HTRB60O £ iR i i o
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Dynamic failure mechanism and flexural capacity of HTRB600
reinforced concrete beams

ZHANG Congkun', ZHANG Zhonghao', WANG Wei', LI Lei**, WEI Jiugi*?
( 1.Key Laboratory of Impact and Engineering of Ministry of Education of China, Ningbo University, Ningbo 315211, China;
2.Institute of Defense Engineering, Academy of Military Sciences of Chinese People’s Liberation Army, Luoyang 471023, China;
3.Henan Provincial Key Laboratory of Special Protective Materials, Luoyang 471023, China )

Abstract: In recent years, China has vigorously promoted the use of new high-strength steel bars (HSSB) such
as HTRB (heat-treated ribbed bars), and the dynamic characteristics and failure modes of reinforced concrete
(RC) members vary significantly due to the influence of loading rates. In order to study the dynamic mechanical
properties of RC beams reinforced with HTRB600, four groups of tests with different loading speeds and
different concrete strengths were designed. The results show that the failure process of the beams under dynamic
loading can be divided into three stages, including elastic stage, working stage with cracks and failure stage. The
yield load increases with the increase of loading speed. After replacing the static strength of material with
dynamic strength, the formula in the specification can accurately predict the yield bending moment of the beams.
An accurate finite element model was established using LS-DYNA, and the failure mechanism and the ultimate
flexural capacity of the beams were analyzed by numerical simulation. The results suggest that the ultimate load
of the beams increases with the increase of the loading speed, the ultimate deflection and the ductility ratio both
decrease with the increase of the loading speed, and the concrete strength has little effect on the ultimate flexural
capacity.

Key words: high-strength steel bar; reinforced concrete beams; flexural capacity; dynamic loading; numerical
simulation; failure mechanism
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