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Antiknock design of H-section steel column subjected to
synergistic effects of blast and prefabricated fragments
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Abstract: In order to analyze the antiknock performance of H-section steel column under the combined blasting of near
explosion and prefabricated fragments, the section size, the proportional distance and the reinforcement of steel column
were studied by using parametric research methods based on the ANSYS/LS-DYNA. The results show that with the same
amount of steel, the flange width less than or equal to the height of the web section type should be chosen. Thicker web is
not prone to buckling destabilization damage. Smaller ratios of height to thickness and width to thickness are beneficial to
steel column. When the proportional distance is the same, the amount of explosives has a great influence on the antiknock
performance of steel column. When the amount of explosives is the same, with the increase of the distance factor R, the
destruction degree of the steel column gradually decreases, and the destructive effect shows a convergent effect. When
the distance factor R is the same, as the amount of explosives increases, the damage degree of the steel column gradually
aggravates, and the destructive has superposition enhancement effect. External sticky CFRP material has good protective
effect.
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Fig.3 Numerical computation model
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Table 3 Condition of height-to-thickness ratio
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Model-H/T-1 296 12 12 450 8 53.25
Model-H/T-2 298 12 12 360 10 33.60
Model-H/T-3 300 12 12 300 12 23.00
Model-H/T-4 302 12 12 257 14 16.65
Model-H/T-5 304 12 12 225 16  12.56
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Fig. 10  Steel column mass loss map under height-to-thickness
ratio condition
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Fig. 12 Steel column mass loss map under width-thickness

ratio condition
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Table 5 Condition of the same proportion of distance

TR YEZ & /kg PEES/m EeA] B
Model-Z1 1.090 0.3 0.29
Model-Z2 2.586 0.4 0.29
Model-Z3 5.050 0.5 0.29
Model-Z4 8.726 0.6 0.29
Model-Z5 13.875 0.7 0.29
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Fig. 14 Steel column mass loss map under the same
proportion of distance
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Fig. 16 X-axis displacement peak at front D—D of steel

column under the same proportion of distance

60

40+

20

D-D/cm

|
¥
(=)

0 0.I5 110 1.I5 2I.0 2.5
Hi B D-DIEXTA AL S B /em
1—Model-Z1'; 2—Model-Z2'; 3—Model-Z3'; 4—Model-Z4';
5—Model-Z5',
Bl17 TRk p HLTRAETEL D-D R X G{a4% /4R
Fig. 17 X-axis displacement peak at front D—D of steel

column without fragment

MIRTEE T, BlESEZG R AR 3N, ARk AT gk
(107 F DR B A SR S IR 38 K 1 ia % . AN Model-Z1'
F| Model-Z5', @ RTE % D-D 4b X [ {7 B I (E K
RN 0.14, 0.38, 0.77, 1.19 F12.00 cm. FH5%
RO OL N ARG, HA R U E B KA MR 0.377,
0.713, 1.28, 1.70 A1 2.31 cm. Bzl T 4NA:
A% D-D &b X WA BEAE R &7 AR IKCA 37.0%,
53.3%, 70.0%, 70.0%F1 86.0%. W W.: BEEIEZGE
BN, B EE EARA B REN, AR s AR o5
bl B AR R R

ST DA AT R N T B R ok kR T A A
BB AT ER R, fEARE LLBIEE AR RTIR T, &
SRBE S V25 BANAE I BE B A N, (HXE 2 R
T, AR A REER A FH W SR 0B, BRI 24 A 1
PUBPERERCII R . TEANAE DR LTI ROK 24 A
NEEHZEBHE.

4.2 HEHEEAE

AR T A B 88 2 3 R B IR & R 4 H AR AL
PRYERERIRCM . PREFFVEZI R W=5.05 kg AN, Jdid g
P HE 2 o AN (1 P 2 SRAN T RE 2 R 2R R IR A R0
BB Model-D1, Model-D2, Model-D3,
Model-D4 Fl Model-D5 iX 5 Fii4bl T, EAASEE
H I 6.

T6 MRAEHETIALA

Table 6 Condition of the same amount of explosives

TR JEZ kg %5 /m Eb 51 i 5
Model-D1 5.05 0.3 0.17
Model-D2 5.05 0.4 0.23
Model-D3 5.05 0.5 0.29
Model-D4 5.05 0.6 0.35
Model-D5 5.05 0.7 0.41
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Fig. 18 Steel column mass loss map under different distances
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of explosives

21 FR AAFEZ SR NN AT 2% D-D
Ib X AR EE . I 21 AT BEENEZGE W
B, AEERTEZ D-D Ab X 7AW E 2B T
1K %4 Model-W1 A1 Model-W2 14782 i 28 45 7

60
12 3 4 5

40 -

20+

D-D/cm

-40 :

-05 0

01.5 110 1i5 2.10 2i5 31.0 3145
i B D-DAb XA AL RS I E/cm
1—Model-W1; 2—Model-W2; 3—Model-W3; 4—Model-W4;

5—Model-W5,
21 RRMHERRATRENELDDAXR
A4S v A8
Fig. 21 X-axis displacement peak at front D—D of steel

column under different amounts of explosives



ERR

M7y, &% phavcf s kS 16~ H B kEpU 80T 155

AR, BT, SR AT A R
Model-W3 | Model-W5, 7% 22 LIz EE K,
AN AT A8 TR R BBk s FLA A% I R 2
Wk paR, Ui SR A B R .

B TT 0 (EARUEBE BS A2 R MR ATEE T, FH
EVELIRIIIGIN, AN IR R R S I L1
#y JEHBEENEA RGN, HBIAEH AR H R
AR, FORIR RO A e 18 e 2k

5 BEIRMNE

Ak, 4eig5a 5 6 Mk carbon fiber reinforced
ploymer, f&#% CFRP)H T HA ok, myff, JEA
M. ERSEAZ A, LR TR INE SRS
BITTZ R AR HA =2 b etk Ut A
() —Fh AR AT 4E AR . o H VAR 3R AT B 4 n [
LR AT YERR (A B SN 8.

=8 U BEMMA LK
Table 8 Carbon fiber board material parameters
JERE/mm  BEPEREE/GPa B E/(kgm)  IFRALL
2 350 1830 0.26

K 22 oy H ZUNEE SRS CERP AR R 7T
TN . ABRBEIR LT 4R H R ANAE 2 18] 35 45 52 4
ARG . BT IR AT YERCL R B R T 5 3
HRTH AR I S A & B, FIXIRZELE 13%
AU RIE, CFRP MR i F 22 5 v A
LSiCE

A3k -
B —
CFRPAER} -

e

CFRP#F B}

(B 22 CFRP ##the B H A4RAL A (R AL A
Fig. 22 Finite element model of H-beam strengthened

DR FT CFRP F RN H B4R IR [ 2508 5,
ARGy IR AR FESS CFRP MK 4 1 |2 CFRP Mk
g4 2 )2 CFRP AR H AL R AT BUE B 4T -

23 Fi7ny CFRP MR H VA IR &S
Kl A 23 WTRLE e ARFh4S CFRP BRIF H AYEAE
[HIE%2 2087 EP T O 182 S o es S U SO 1
MG T LI R, SRR B I T R
d M. RG4S CFRP AR H A ANAE AT 3 SR A0
EAE, R RS EEMS I, AR E
LA MR 23(0)FTE] 23(c)rTELE H: &idh 2 2
() H AR AT R G s

24 it~ AN [E] 2 % CERP AR 37 T 40 i 32
% D-D kb X AL RS IEE I . AP 24 TTLLE H: KRB
4 CFRP M EHA H BUREE A M AR K, H KA

(a) ARF4i CFRP #8} (b) #i45 1 )= CFRP #14;
(c) %52 JZ CFRP K}
23 CFRP #t#t7e B H 2URAL SO & B
Fig. 23 CFRP material reinforced H-beam column failure

morphology

60

|
[\
S
T

!

0 0.I2 014 0i6 0.I8 1.0 1.2
Hi 4 D-DAEX A AL RS IEEAE /em
1—ARF4E CFRP; 2—#i45 | J= CFRP; 3—%45 2 J= CFRP.
24 R CFRP #5547 T AT 4 D-D & X ™)
feAS%EAA
Fig. 24 X-axis displacement peak at front D—D of steel

column under different layers of CFRP material protection



156 TR KA (B R R)

50 3%

WA 10.7 mm, %545 1 )2 CFRP MRS 2 J2
CFRP # EH¥ H BU A B KA S UEAE 739324 2.7 mm A
2.1 mm, B LAE HALFS I RO B AIRIR K . A 24
EFTLAE H: A Fh4E CFRP AR H B RN RS ih 28
BT, VOB H RVNAE R A T BRI E - AR s 1M
R4 CFRP #PRHE H BV I BN i, Uil
H RANAE R JE A TE A K. 25 EFTAn: AMkS CFRP 44
BEINE H AN RCORAR G, (EnfE 1 EAmE 2 ZB5
PR EFUHARIRK . NEBFREERE, Fid 1
JZ CFRP HRk A8 2 R 47 1B 4 2808

6 it

1) 25 RS AT RUT XA AL BT E BE IR, £EAR
FIFANERTIR T, e st pisae /), RS E%
PRGN T T IR I R . AR IEAR
JERERCRIS BT RGN EOLE ™ E, (2B
R AVEE S, B (BRI A A A28 5 e A1)
AR, AR TSR,

2) FEANFEPUBRBETE I 25 8 M o oy S5 R F31 1)
PP AR B E RIS, AEARRI B AN T, SR
NEIEE EEATE R LE, AR TR T A R e

3) fEQRUELLBIEE BRI A RTER N, X T HE 25 A
PO RINAE BRI 2 MRRT S, ME 25N
PUBEREE BN, FEAE ST BT, BOR ARG &
TERNFEHERHER.

4) ECRIEXEZG AN B ATSR T, B M 2580 3]
PARERE RSN, AL AR R AR FE S DLEHT AR
o HEEHEMBEEER R M, XN RIAE ] 23
EfR R

5) AEPRIEER R ER R AR AATSE T, BEE K2 &
o, ANEERIBOATE L R ELZETME &Y. HEE
FELGREAIHIIN, HAIRERIFFASE i it e g i
TR R BAT IR BRI o

6) AN CFRP #4 Kb H BUEMAE B 37 ROR ARG, A
GUFHEF S, B4 1 )2 CFRP BRI AE AT 2R 47 (Bl
PR

EEPEE

[1] KYUNGHOO L, TASJIN K, JINKOO K. Local response of
W-shaped
Engineering and Mechanics, 2009, 31(1): 25-38.

[21 K, KES, BUBR. BIER AR R NHE R AR i i

columns under blast loading[J]. Structural

[10]

75 WA A BB B D). Y R SR R (B AR
fi), 2009, 25(4): 656—662.

ZHANG Xiuhua, ZHANG Chunwei, DUAN Zhongdong.
Numerical simulation of shock response and failure mode of
steel frame columns under explosive load[J]. Journal of
Shenyang Jianzhu University(Natural Science), 2009, 25(4):
656—662.

TBH, RBRAR, ImeE. MEXERTEAE R R T OB R EOI I
ANFERAETIN ], A3 T K554k, 2014, 40(8): 1151-1162.
DING Yang, SONG Xiaoran, SHI Yanchao. Failure criterion of
steel columes under blast load based on maximum shear
reisisrance[J]. Journal of Beijing University of Technology, 2014,
40(8): 1151-1162.

LIU J H, JONES N. Experimental investigation of clamped
beams struck transversely by a mass[J]. International Journal of
Impact Engineering , 1987, 6: 303—335.

LI Q M, JONES N. Response and failure of a double-shear beam
subjected to mass impact[J]. International Journal of Solids and
Structures , 2002, 39: 1919-1947.

T, . AL H BN 1A o e 2 R 3 7
IZE I, TRE 124, 2013, 3003 F): 258-262.

WANG Rui, FEI Chang. Parametric analysis of dynamic
response of hot rolled H beam subjected to lateral impact load[J].
Engineering Mechanics, 2013, 30(suppl): 258—262.

FLRRRH, RIE, ZEmett, 5 BRI K SR
FARFPERT D). R3h S bk, 2013, 32(9): 146-149.
KONG Xiangshao, WU Weiguo, LI Xiaobin, et al. Fragment
Velocity and equivalent bare charge characteristic of cylindrical
warhead[J]. Journal of Vibration and Shock, 2013, 32(9):
146—149.

B, A4, 807, S5 AR A IR R
FR T KIS TREERE, 2014, 39(3): 128-132.

LU Yong, SHI Quan, QIAN Fang, et al. Analysis of composite
damage of antennas with different chronological fragments and
shock waves[J]. Fire Control and Command Control, 2014, 39(3):
128—132.

Wi, %R, BRL S BES DR BRE AT S5 R
BRI AT ], B TR % 4R, 2013, 35(2):
124-129.

CHEN Li, FANG Qin, ZHANG Yi, et al. Analysis of local and
overall structural failures subjected to blast wave and
fragment[J]. Journal of Wuhan Polytechnic University, 2013,
35(2): 124-129.

BEEE, SR, BK, L R IS T R
O B B AR I B DR P (0], B AR SS s, 2015, 35(1):
116-123.

HOU Hailiang, ZHANG Chengliang, LI Mao, et al. Damage

characterristics of sandwich bulkhead under the impact of shock



1

M7y, &% phavcf s kS 16~ H B kEpU 80T 157

[11]

[12]

[13]

[14]

[15]

and high-velocity fragments[J]. Explosions and Shocks, 2015,
35(1): 116-123.

TKRE, KM, B, SF BN IS e o R R A
T 00 Bk A 580005 2 RE R SR BIF L (0], PR B S vk, 2014(15):
184-188.

ZHANG Chengliang, ZHU Xi, HOU Hailiang, et al.
Experimental study on joint damage effect of blast shock wave
and high velocity fragment on sandwich structure[J]. Journal of
Vibration and Shock, 2014(15): 184—188.

GB T-11263—2010, #L H ZUNAIE] ) T ZLAA[S].

GB T-11263—2010, Hot-rolled H-beam and split T-shaped
steel[S].

UTHERE. ARG A R A R - S A B A A RAT N
BT R MLEE[D]. Rt REE KA TR B, 2008:
61-62.

SHI Yanchao. Dynamic response behavior and damage
mechanism of reinforced concrete structures under explosive
load[D]. Tianjin: Tianjin University. School of Civil Engineering,
2008: 61-62.

CHUNG K Y S, LANGDON G S, NURICK G N, et al.
Response of V-shape plates to localized blast load experiments
and numerical simulation[J]. International Journal of Impact
Engineering, 2012, 46: 97—109.

M7y, gk, b misia R S a/E T H RS0 2%
RLAFHTT]. RIGER 22240 (E SRR RR), 2018, 46(3): 289-299.

[16]

[17]

(18]

TAIN Li, ZHANG Hao. Damage effect of H-section steel

columes subjected to synergistic effects of blast and
prefabricated fragments[J]. Journal of Tongji University(Natural
Science), 2018, 46(3): 289-299.

Bobrig, Smlt, sk, & BT RS ERTE T 2k
SRR EI]. P EALATRT I, 2015, 10(6): 45-69.

DENG Xinfeng, CHEN Yuansheng, ZHANG Pan, et al. Damage
simulation of type I sandwich plate under shock wave and
fragment joint action[J]. Chinese Journal of Ship Research, 2015,
10(6): 45—69.

KRR, RN i N v S BBk £ AR % 7 7 L BRI
FE[D]. BB HE % TR TR, 2013: 7-10.

ZHAGN Chengliang. Study on the combined effect and
protection mechanism of explosive shock wave and high speed
fragmentation[D]. Wuhan: Naval Engineering University.
Department of Naval Architecture Engineering, 2013: 7—10.
TR, RN EEEEE CFRP SN B R KRBT C)/
[ A BRI TR AR VO SO, Jent: AR
I HARAL, 2008: 1000-1007.

FENG Wugiang, WU Gang. Experimental study on steel beams
reinforced by CFRP plate with high elasticity[C]/ Chinese
Highway Bridge and Structural Engineering Branch Conference
Proceedings. Beijing: People’s Transport Press, 2008:
1000—-1007.

(i M%)



