$37% H5 W wOE 5 W & Vol. 37, No.5

2017 4 9 H EXPLOSION AND SHOCK WAVES Sept. , 2017

DOI: 10.11883/1001-1455(2017)05-0957-07

%Iﬂ’ffﬁ%ﬂﬂﬂﬁ*ﬁi E EE E*ﬁ@iﬁﬁﬁxl‘iﬁz1ﬁ

FHEL, R OWMELEOE!
(1 INARBH KRR TRERE LA BFE§ 2501015
2. IWAREZ BEFFITHERAF LA B 250022)

WE: NG A i E (SDOF) B R FE 25 # P 1 1 o B9 3E FH P . 2 0 R L SDOF #5528 i A B ot 4k
P ANSYS/LS-DYNA X ] 3 8 7k 52 45 KF FiT 43 I 149 3l 7 el 7 6 47 8 4805 % b 3 33 45 2R, IR LU BR T
U, 437 SDOF BRI R IE VG . HF5E R W] . ol 4% B A b R 30 B Br SDOF 45 8 A7 #2528 1 I W /N, %
A B i) 7 K] 43 kg A BR AR T B B L I B B L R AR R B B, A5 BR AR JE By Bt SDOF #5155 B TT 45 SR AL AR —
05 T T UL 3 2 BT R LU AT B ) @ IR X B R L o BE LB R B SR Y TR R LU AN B B kAR
1AM 5 B s 72 SDOF A5 Y v 30 o {98 14 450 43 A 4 B8 3580 99 P W B o A8 K o A48 2%, 5% FH I B 1] 722 £ 174 i
A Cowper-Symonds 28 1 ¢ & G B 1 iR RBUE ATATHY .

SRR RN B AT s SE AR A b BER A A7 BR T s AR R

FESZES: 0342;TU391 E#rFE R 1301565 XEARERD: A

P T R8240 R DR L (P K A e U PR X LUK B Rl R B S LR i sh R . A T
5 245 K B b TR I P L BEARLA ok S B — BB R L G o B ASE TR L S5 A B [ FR E (single degree of free-
dom model, SDOF)# B J& Hih 22—, GB 50009-2012¢ Z 4045 M #2800 ) P HLSE < th 425 RS
2 28 | B 118 B 1 A 8 R e 5 A ) A AR L T A A R ) A T B e R R R SR R 3 1 O R A
BrAs 2R AR 9 L (R AR B il AR A (4 3 BOR A AL R P BT — SR S R AR A R
AT B ST W 5 A F) S B AT A o DRI T X R AR PR TR P RO P AT PR A

Xt SDOF AU 3L VF 2058 . A. AL Nassr 758 1 B FE S50 L $00F T SDOF A5 A0 rp i A~ 51 22 (14 3
WA - 3l 7 e L 0 B — HR AR 7 S A 5 25 R R 1 1 A8 T AR A B B 4 R R ST B R N B R B B, N
JEARAAMEAR Y . SIS A SDOF AR5 45 S AT Lo B a1 — B0k (A #E SDOF ALY v R B — i A%
R B AR AN 5 A S B T AT TR, A T SDOF A7 i) 35 I

A R ANSYS/LS-DYNA G 44T 78 48 K far 484 F T /9 30 g min 5z 08 47 8 o 5K A L 9 DAy
WRAE FEAN T IE SDOF 1938 FH M s 72 SDOF AL e 5 5 18 e 581 B 14 40 A 4 B8 1 380 9 1k B B 1 o 2%
R W78 R T Ay Tl 2 R AR R AR

1 ZhJm Rz 43 4

A3 AT 1 Ca) BT 18] SCBAT , S 52 Bk 2 fr NI AR T, 4R 5 52 B8 ) = A 2 Bk o far p (O /R T,
Kl 2 iR . 43k I SDOF BRI BRI 8R4 0 A7 A48, X L = 35 A b s 67 A% L A8 | I AR e 45 5L
53 At SDOF A B 7E 5t 45 T/ o7 H vh i 5 I
1.1 SDOF #&E 4 #7

ARJIT R  OxF T 5 I8 Pk R B e 0, 2 o H AR TR RS IS L AT T AR S B[ R BE RS R AT A . X
TR, S A p-o BV G - RIFERTIH 254 SDOF #5558 434 [m] #51 ,

B 1(h) Pk R iiz shor i oht .

« WRSHH: 2016-01-11; 1&E HHE: 2016-05-28
BEE&£WMB: HEXARRI%ELTH (11272189)
F—1EE: ZHMA986— OB AEARAE; BEMESE: F F . xifeng@sdjzu. edu. cn,



958 5% 1 5 i B o537 4

KuMy + K. R(y) =K, F @) + K @) @)

KiuMy +R(y) =F @) + 5(t) (2)

Ay 200 S A b B BN RS s MO AN B s Ko K K 2300 S 5T i 2R K NI AR o

- W R BCCK = Ko /K SRR B 0. 78 SBPERT BN 0. 67) 5 F () S A T T 38 5% 3 T 4 3 A 4

B 715 Ce) S 2 18 B 1) A 28 B A0 ) S A8OR 1) i B TSP RY Be O 7L T8Ny /L SR B BE 8Ny /L

N L 53530 S K 2 0 ik i 7 ORI S BE s R () S IR R K 0 3 B B Ky » BB B Be O 8M /L

K=384E1/(5L") A5tk Wl BE %0, My 5 LN BYE S BN AE R BN Y (2,0 = (O y (o), Hirp
(&) T AR PR 5AE Bt B (&) SR T ) 2 e AR 359 A5 iy 2 A HT B 1928 I8 i 2K

¢<5>:1—%452+15f651 E—z/L—1/2 (3)
FPEB B (&) SR FIAE A v A5 1l 28 1 58 1) WL B 2K
(& =1—2]¢] E==z/L—1/2 (4)
(a) NJ_ (b) 800 800
- 600¢ —o—Axial load 1600
_ —e—Blast load
£ z
] & 400} 1400 ¥
p(t) “ Myt |L S =
:: 200 O 0-0-0-0- 3000 0-0-0-0-0-0-0-0-C- 0000000y 200
:: 4
E‘\}E Ly N O F 0 15 =0 2 30
t/ms
1 B-H M F X H SDOF 45271 P&l 2 far 2t 2
Fig. 1 Beam-column and SDOF model Fig. 2 Load curve

(1) ~(2) Be 4% F A 5Pk By BOAT H ey 28 0 it A S A5 1 5 98 PR B B e A b OB BB M L, BRI
S vk 51 2 B o R L R AR 45 R gk, SDOF #E A A B I3 . R A Visual C++6. 0 g 75k
fift , e iz Bl 7 R B O I BRI 2 I R P i R R R R S R B A, TS A 7
i g AT SR A R R A LRS- ) D R 2. SR R Ol T 25 TN AR AN L >R AT Cowper-Sym-
onds AH 5 F DL SN A AR 50 P AU AR N ) 0 AR O AR

o4 =o0,[1+ (¢/D)V] (5)
K ioq o0 5390 R BhAS WS RN T3 o6 SRy S5 R0 R 0L AR R, AR A 00 2k 4 Ak R o U | 4 G i e IR o
D)8 3 2 9 e o O e v AT ) e AR S ML, AR BR SRR ML, B SR My = (M, +M) /2505 i il
5 R X o7 B 2 4 1 3R ke B B NI EE ET =M, /i, 328 107 6 2 31 I R AU K

SDOF A5 5 v 25 fe iy ) faf 28 N9 3 J7 T8I 52 2 (1) 6 v o5 Ak 5 6 39 K, 38 3k 45 20088 1) i 21 9 1
U5 (2) B T AR AR I v P A 1 L 0 R  WI B BT (O AR S (R AR R By =30/ (1
—N/Ng) s yo NSRBI ERAEERL |y A2 B B il 1o iy 230 000 i A A% 485 O, T IA R 02
Pl /N T R R, (2) | (3) 38 A B R R A KRB

S [ B A e A5 A AR T 320 5% il 1 2 A

k(E.1) =26, (E1) /h =¢ (O y(D) (6)
Emax =he (E)y(2)/2=14.8hy(1)/L* (7

X e ve i A3 A R R AR R AT R R . M B B e A Ak A TR 0 R 1) AR N
€ = L4y () /LT D (h/2) =2hy (£) / (IL) (8)

A S IBVEBCA 3 A K ABUE SRy 201 R v A AT 3 % A B PN R
e =de/dt =2hy () /(L) (9)



%55 25 B LA o AR ST I R 23 R el AR R A T A 959

1.2 DYNA i+E#ER

FIHA BRICH A ANSYS/LS-DYNA #4743 81, R H 4 FL 43 SR 55T Solid 164 @45, 4k}t H 3t
T 07788 FRBG N Y B Bl B A FHAR SHOOB PR R AP RE S B BB 7 850 kg/m” L BRI 206 GPa, JHAA L
0.3, JHIRIF 345 MPa,Cowper-Symonds B IS H D=40,¢=>5, R Z0ZE 0. 2; R FH = AT B IE M2,
WEAE JE 7 p BEAS 6] T SE W HEUETE J1 po =800 kPa (A EL AR EE ] ¢, =3 ms. IR fT 40 N Bk
F A 1) R 28 0 25 Y00 gk Oy 2T R R AR ST S5 3 R (R B R B R RN I S A BT 2R L 5 o
T S BB 2 RO I LS B0 A AT R S 4G IR 20 mumy 14 B A, — il 240 SR st AR ARG TR R B O
2 LA YA 3 AT IR B w, =y, = w = 0, 55— 3t 29 SOAH B A7 B Y A A 1 A L B w, =
u. =0,
1.3 DYNA # & 5 SDOF # B 45 R L&

BIRERE 3 A H OB A, 43 9 5 HM150 X 100 (HM #) , HW150 X 150 (HW #£) . HN200 X 100
(HN HOM G 3 m, fr 2R W A7 45 T00 R AR s AR F7 p. DLR, x FRoR KRR,

RS AR A a3 s, R BCHE L 1,
Az 85 SDOF A5 B A 137 % 45 5 4% R 3 A B B . A BR A2
TE WY B BB B R R IR B B . A BR AR Y B B, BT A
PEAS T RN A B IB AR TE , W Fh 5 ik AR v, M 228 02l
SDOF /N F DYNA 1, v #2285 K H SDOF B K F -

(a) HM 150 X100
0.3

£ “+-DYNA, 3.0p, —-SDOF, 3.0p,

DYNA B (Yo vy 16 BRI BE— DA 0, S TUBYNA 48P - SDOR 45D,
Fo/MEES) . 3% T SDOF #57 H DYNA 5 1 84 ol ' Y
TRWIEE R, 7 AME A Me BUE B0, 2 B 251 1t
HLAE . ZEHUAR T P« VL2 880 A EL 010 R o U 438 A e
far 28T A8 1 1) 457 3% BIR 8 3R 2K e 0 A0 B, A e #/ms
R 3 59T 1 P B SRR B 1 SR AE TR T o4, (D HW 150X 150
(2 4R B B B 1 R B (RS v, DYNA i %E%IE%%E% /
HM.HW HN & p, 25000 4. 4po 5. 0p0 5. 5p0»ya 5 0.3 e
WK 175,236,170 mm; SDOF %R v, B 3 i 4 51
164.5.9.5 mm.217.3 mm.158.5.11.5 mm., Z&4%E 1 = O igggg%z?ﬁ
ATLLE S PR 3k P A A fR ik 20 B B A L 8 ik i Bl ol N o
ES T 95 A NI TR WA N L N LS B = TR 6 N P N
7 AT Ak SE B 5 i W /D U] AT 28 1 XK A I G o - ]
W PRI AT DL PR 00 /N 5 45 B B 1) 3 1] 55 o A t/ms
BRI I A PR AR I B B 5 s S B 4 0 9 R () HN 200 100
i, % HM.HW HN £, 2% 2/16 .1/50 .1 /17, 0-5 DA 107,

5 F- B Bt . DYNA 7 # 45 5 /s 8 A 2 i I8, HoAk 0.4 ’isDB{gé?f&fjﬁ
WX N NS H R R, an & 4 s s 1 SDOF 45 50 o _123853?;820
BRI — AR AE T, X EH T DYNA BN g
25 [A) AR TR o KB A 285 | 2 P i 8 0 224 A8 JF 3K 31 — 2 {E Y 02r
B RE Hh B 7 9 3 40k 6 I I 60 O 254 56 4 ol
AR T SDOF A5 ) 52 DL 4= 8% 1 e A Sk 7k 28 00 4% PR
B L BE R BT DA SE e R E . UL DYNA 45538 h ik, 0 5 0 15 20 25 30
Ay SDOF B A i T8 50 B HUR 8001 p, e
WHEG T A, DYNA Jir 8 HM.HW . HN #8 p, 435K B3 RE P RS 2k

4.4po5.0p05.5py» 1M SDOF 5 Du RN 4. Tho Fig. 3 Mid-span displacement curves



960 5% 1 5 i B o537 4

5.0p0 6. 5po» AT WA [ #0100 AE PR L BT A p, B 22K (a)
INATEL HN FE 22 5 K HM MR 2, HW M fe/h, -

rh b, B A R T L R R LS . DYNA B 1
vl s HW A2 e DCROR 56 1 i Ah e il &l 4 (2
7 s Ul B A 2R RS 2 i O T A R T i Al R
AR TE RN B R TR R LUK T DU AL 2 AR 1T
A HH % 5 10 o5 A0 W6 A A TE A 9 2RO X an 11 4 (b) i
7 VT A SE T A Al T L R T T R A
T 1 Vi LB R B8 % i JEE BE B /N B R 38T A AR B4 -k R SR

KA HEAMSH AR . Fig. 4 Buckling failure mode of beam-column

F1EPLARE
Table 1 Mid-span displacements
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Table 2 Mid-span compression strains
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1.0 18 22 —4 —20 —14 —6 18 21 —3 —17 —13 —4 17 21 —4 —18 —13 —5
2.0 67 69 —2 25 20 5 63 69 —6 22 19 3 50 60 —10 8 5 3
3.0184 181 3 152 137 15 168 178 —10 134 134 0 127 147 —20 89 96 —7
4.0374 377  —3 351 350 1 339 362 —=23 313 326 —13 239 263 —24 205 216 —11
5.0 * * * * x 655 1069 —414 650 1060 —410 406 444 —38 380 405 —25
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Table 3 Mid-span maximum strain rates
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Assessment on single degree of freedom model

in steel column analysis of anti-detonation

Li Yuegiang', Yi Na’, Xi Feng'
(1. Civil Engineering Institute , Shandong Jianzhu University ,
Jinan 250101, Shandong, China;
2. Shandong Junzhixing Architectural Design Limited Liability Com pany ,
Jinan 250022, Shandong, China)

Abstract: For the evaluation of the applicability of the single degree of freedom (SDOF) model in the
structural antiknock design, the dynamic response of the simply supported steel column under explo-
sion load was simulated using both the SDOF model and the ANSYS/LS-DYNA in this paper. By the
comparison of the two calculation results, the scope of application of the SDOF model was analyzed
according to the finite element simulation. The results show that the displacements calculated using
the SDOF model can be divided into three different phases including the finite deformation, in which
the SDOF model agrees well with the DYNA simulation, the critical deformation, and the buckling
failure deformation, according to the amplitude size in the free vibration. The ratio of the cross
section’s depth to its width and that of the flange’s width to its thickness have significant effect on the
dynamic failure forms of the steel column, namely the bigger the ratio of the depth to the width and
the smaller the ratio of the width to the thickness, the more prone it is for the buckling to suffer out-
of-plane bending and twisting. In the SDOF model, it is feasible to calculate the strain and the strain
rate in the plastic deformation phase by assuming the plastic hinge distribution length and the stress-
magnified coefficient in the Cowper-Symonds constitutive relation by using the time-dependent strain
rate.

Keywords: blast load; steel column; single degree of freedom model; finite element; strain rate
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