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Abstract: Considering the asymmetry, nonuniformity and
local characteristics of load in the near field, the expression of
lateral load was derived by geometrical relation. According to
the different bearing modes of structural section, the plastic
failure criterion under the joint action of axial force and
bending moment was given. Based on the four-hinge failure
mechanism, a simplified calculation method for the plastic
damage of shallow buried arch structures was proposed. The
bearing mode of circular arch plastic failure was calculated
based on Matlab, then the distribution of structure plastic

hinge was obtained. It is shown that plastic hinges are

ks B 2017-11-29

produced near two arches, at peak load, and at the shoulder of
backside blast surface. When the bias angle is small, the
plastic hinge firstly appears at the arch of backside blast
surface and the position of projection point of explosion
source. As the blast angle increases, the first plastic hinge
appears at the arch of front blast surface. In practical

engineering, large bias is an ideal failure mode.
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Fig.1 Geometry of arch structure under side
blast loads

SRR A ph T AR M T A B P AR A
FEEE B BRI o (R, £ BT R 23 7] 437 BR 3
oo (RO FIIN ] 43 7 R f (o) FE ) 3R, 2 18] 43 A
PR

2, 78R>ﬂl D

VW o
K F A REG oce IR DL W AR
B n NI TR R A B B Al oA iR AL

00 (R) = 48. T7Ep,c,

l—i, 0Tt
f@):i tg) ST )

0, t > 1y
A R BAE I ] 5 20 S 553800 2R A B )L [
M, H N



1488 Rl ¥ k2 2 WE KRB 2B

46 %

61 (Rst) = 6o (R f(2) (3

1.2 RENSHE

YK B B 22 o 4 A A 6, PR B e
FI. 7R T M R B R 2 B DT 3 R
VAR« P 38 0 55 10 D 3802
P Tt 4% 4 5 T 0 A0, B T TS0 e
TRAEAE5 ) | R M A S SR HA R T 7 20 A L
i 2 WA 6 S B AT 80

SRR T R T R A S0 A5 R R i e, C
B HRI N o (R0, TSR+ a2
SRR, C A 6 -E IR R BT AZE RN

o3 (Ry2) = &1 (Ry) )
PN HIERME T REL BIE=AFIEXEHE
R= (R, +r) —Sne (5

sin(r — ¢ — ¢@2)
RO ORAR GO AR O H,C HRAHh
g F3 A0 a) = F R 3 23 2 A

01: (@12 s) =

2. 78(Ry+1)sin ¢,
Sin(ﬂ_ng_QDz) ’\3/W—tnt

48, 77F{05C5< >_nf(t) 6

o2 (@raqr 1) =
2. 78(Ry+r)sin ¢
Sin(Tt_gol Nz ) xs/ Wi

£48, 77Fpscs< >_nf(t>

(D
# E B3R IT o0 AN ) 2 B 7 ) oz O SERIMEFR T
D s R A SR H
03 (@1 sz o) =01, (@12 1) (e+(1—

G)COSZ (502 +§Dl)) (8)

WE 1B B AR A A LT LR R .
cos ¢ = cos(B— ) €
sin gz = sin(f— ) aom
cos g = TR 0SB0 gy
sin ¢ = R%sin(ﬁ—ﬁ) a2

FEFRO~12),D fMIERAH RS
03:(0s8) =
—2. 78(Ro+r)sin(B—H\ ™"
4&Wﬂm4 N )_ﬂw
13
U:rsin(ﬁ—ﬁl)ecos(ﬁ—ﬁ) +

7"+Ro _Ro COS(B_Q) s1n(ﬁ—0) (14)

R
IEGHRIET SR o K2 . QA L B
BRIRAL T4 07 » X522 W B B GRS FA I, 77 2

TELEHE L BOAE FIFE B R AT L o S IR A 5 K A1 5k
I ZR S RATE R T B

[,8_019(X+,8:|9 |X0 |<|7‘|
00| =
I: :I {[_ﬂ/2’0+ﬂja |X0|>|7'|
(15)
OivOos oo STMEFEWE 1 fran, H o =
arCCOS(ﬁ_).
1.3 HHEHER

MR Sh BRI, R0 L, B AR S 2
PITF i

o; = g T o

wal e

:—&EF' H \Z.lj ﬁ%ﬂﬂﬂ%*@ﬁﬁﬁﬁﬁiﬁ %ﬂiﬂiii;m‘iti

SR AR F1 RN EE 5 0 v 43510 RGBS

TR . X F AR BTA] 20 - A st S IR 0 g, 75
B30 55 M 3R T 5 5B 2 L AT B «

JO, — 0 KL<
[ef) @.,t) = 20'31‘ _psCsit, & < 90, an
O’ 02<‘9<60

o w B B AR ) U 5 0 L A —
IR AR A BRI S A S BE e KSR W 45 4 3R 1R A
B2 i fer 3, DRI Jp A5 5B ol SR AR S K AR S AR
BRNGMIE R R B R IR L AKX AD IS B4
2R T 2.

XFFREAZAVE B BRI BE S 1 B T M i it
FIAR AR5 B KRB 5535 R, A SR R B Ko B
BB B SR T B R L. SRR B K
T+ 25 BLIHERR 7 S 40T B -

18)

K, = /i
Y e AT 1 L2yl
wlo 2[7] wlo +4

e g Do Bl B I A 8] X 25544 38 57 Wi L FR) 52
FHG o MR E BB R B B IR B [y 18
CEMIEAPEI SOFIEE L 5 20 D Sl Ar RSF 51
(8], — R I 10 =1ta. Ko ZE5MIEUHE R AR B0t
S LY LA K Ay A P Bk [ 452 PR R B W

M) S OER KA T BB HEAE A 32 B 7 A
FEI T P KSR SR R A A AR L 4T B A AN 2
PR, B A S5 2R T A S5 R

0, — 0, <<O0<6
o (fs1) = {Kd(Zagi —psc)s B <L O< 6,
0, G <O O
a9



E11M

BT U AR IR T R R LS M B M g SR AL R 1489

Y u(0)

2 fliEsBEERTHERTED T
Load distribution of arch structure under side
blast loads

Fig.2

2 EUEEMRA

2.1 HEEBHR

FeN A K SR A BN AT B S A A AR T
TE A i R 7= AR S MR I AT BE T e, 478 0P
B — BB, B AT . (B A DA
0 S Bk S R AR TR T S . P A A 7 A 2B AR
T A A A M B, R SR AEAR I A 2B VR R BR AR 2
73, EADIFERYIN AT LUK A 52 Rl IR BE 3k
A PR IO AR A B PR B TR R AR . TR BE
LRI ERIATAE I 22 BV AR AL R,
SRk ) AN 3 RV F T B P 7 A D A T 2
PEE IR HER.
2.2 wWERE

5 T30 R 7 B RN R B BROR A BB R
AL S 32 7 00409 157 2% B0 J I 56 B 32 s X 5 TR 3B
et 32 AR R S O W A A AR 2 T X 3 TR
e AR R I AR e 1152 437 40 57 8 AR B2 2K e, o 1) B A2
RETFIRZEX®E

X A
(Ecu +€y) (1 + fy/ecuEs)

oA IR EE 32 B X SRR M T I ) 43 A5 i &
B fy NEREZRUE IR S BETHE s E, Sy 8
B ho R A 30 . W o VE R HIT KM
B, IR TR

D) zLao BRI EREIR.

(2) x>z s BRI R A /MR EIR.
x. HEELEFRZ EX S E, B =2z BEIEAK
P FEARAS BT o B2 R 7 510 S A 5 32 P A 1 VR 6 4 75
TR B R 7 AF , AR TR BRIt B2 O A 55 W -0 A
2 U AR PR AS AR Ryl SR A AR B P m B E K
T RS 57 XIS s v R T

Q2m

h():

L

Ecullsl
Ecu = Esf

AoH cxan AR R IR B 32 K 5 5 B s e M 4N
5% Fe Ja AR AL 5 aq R 32 IR BRI O 0 52 T T R 03k
TG FEERE.

YMRETZEXEE xo =2 =20 B, TEXT R
ECA T BN G AR He A R B BE , 2K 1 b 7 A

N2

T %Nu + £, A Chy —ag) (22)
FoH M, N, 450 Sk AR T 58 T A% BR 2 A I 75
RREE LR E B R £ ORE IR R R
{66, h 433 0 BT 5 B AR R Ay RS2 BN AR
.

BB RE LR ZEXEE v <<lawm b, ZE
MK 755 A BB AR » 785 TR 1 0 RS AR A4 A O BRI R A
A

Mo (=) afea = it

SyAsCho—aq) (23)

K :a=(N,—0qAq _'—fyAs)/alfcb’;H\:l:F‘ AgR%Z

B T AR » o 2952 s B SE R B T 5 a0 2 2 R0 AN A

TR A2 ISR BE - th S H IR .

LIRS TR LR EX R E x>z B 8

FE /M B3R » 32 s VA 453 e T IR » 32 1 DN TR 5 1

P B AR R 7R AT Bl o S R R A 5K BRBGR A
W

M,=—N,(

2D

bl =

M, =—

ﬁ—a
2 s
fylAsl (ho _as1) 1Y)

KHF:z=(NiF6A— fnAa)/ar fb, HH oo I
PR SEBRNE T o o A3 52 s T AR 3 BT H{EL
2.3 wWHRE

Bk 3 SR g s X R /M R IR. A
KM HEBIR RSN B «

(1 &>0, FH AL RAR BRI,

(2) <20, 1A & A/ M FEBIR.

BRI AR R AR B, 52 3l 7 1) 59 45 S i
AN BRR A 2 J5 52 5 IR B + 3 %35 B BR B
AR, W BBt 25 B g AN A A B2 LS R N A2
DX IR 30 G b I B 2 )R PR S oz 78 PR AR 2 I
ARES ARYEF R R » KRS IR B £ 3 Fe X 5755
JE xR TR

)+x<ho —0. 500 a1 fubt

Ty = Eculsl
ch2 —
€cu + Esf

IR EE T AR SE PR32 T X 0<<ae<Zaan s

25



1490 Rl ¥ k2 2 WE KRB 2B

46 %

TR 7 R 1 A BRCIR 28 S 3 A B8 il o B AR A
Y2 hr BRI ) VS AR AR SR R BRI RN

_ _ _nyAS_Nu _

M,=(2f,A.—N,) (asl e )
(B —a )Nu+ frA L Cho—au)

MRE LB LT EX EE 2=z B 5
Bl 7 B A R A 32 IROPR A L AR I 7 RS
M,=—N, (%—as ) +x(aq —0.5x)a1 bt

(26)

fyA(ho—ay) @270
AH :x=(NytoaAa— 1A /ar fb.
R 1 BOA TR R R B 2 <<0 B, AR A
X REIMBHIEIR. BRI TEIREE + 52 e X B, il )
B 34 el A2 hr AN A AR, 25 0B £ AR A AR
RS WA AR TE SRS 0, % B 8L, 72X FR AT
FTERT o S 30 Al 0 R A S A BRAR A 5 e i 7 1
B R e A BRIR A, B , Bl S RS A A 56
M, = (AS —

2.4 BEEEEN

L2 LTI . BT TR B e B S 5 A A T A 5 KRR
AL RPERTT &7 A R, X BLA )
¥l 1) FO AR O R BRI . 25 B FREC A T »
T BB 52 A5 AR A T B FRAE A SR AE I 3 Hh A ity
2k L. B B Oy AT A B8R . H OB R . LLE
AR AT 2R A B2k 0

Ny
2fy

) £, (ho —ag) (28)

M, ~ N, (29)
FX (29) R Ay 785 T 2 1 v )
301 - —-B=0.3m,H=0.25m
2.5k — B=0.3 m,H=0.30 m
B=0.3 m,H=0.35m
2.0F
Z sk
=
S 10 -
=
0.5F
0 =
_05 1 J
0 0.5 1.0 15 2.0

M/(10°N . m)

3 AEEHEX R AN
Fig.3 Plasticity criterion corresponding to

different sections

3 SRR

3.1 EULEFEE

N 4 B » AR SCTR I i T (B8] 438 455 A 7 ) e
Kef 2 T 8108 DU Beas SR MLt B A e 1
R R 7 P U A 0 A AT PR 9 SRR TRl AR R
£ T SCE AT e B B BE A S AL . SR
FHEEAR IB M SR A BB R R B B R L LR
5k 1 BT 52 s T G R BA PR s Bz AR A4 O A TR B 4
JR (A PR, LA I8 1 o U 41 PR 3 BT s » A K B 46
M,~N, Bl IR ESE.

4 HEaNEHIFER

Fig.4 Four-hinge collapse mode of arch structure

3.2 HEipRi&

(1) AR BS54 52 A B AR IR, T A0 18] 1 48 K 1
R &R = 4 B

(2) R = A iy 4 SR Pk BT o 2R AR 2B 4k
B0, VBRI F R B S A R AT AR R

(3) BEHIF=HE R IB B IR 2 S HE -l
SR PRIV, VAR R PN O 20 B X I B R AR AR N A 3
B s W2 A b S A G £ L

(4) BERT=EE I A 2B PR B AR AR 24 12 V- T
e » TR Z IR EE 1 BT LR

VEBIRTT B AR B9 R R PRI AR B
AT 450 ST S5 20 9 SR A%
R SEATEA R FRIE AR I 1 R B8 23 f) ) il 42
FEfT 8T A5 B0 40 Rl 0 AT g 5 88 — 3Rk
AT PAT DR 725 A 0 ) o 2 7 T 4 v O e A
B 75 BE TR B PR, LA K0S 7 A AT A AR
R 20 =R o s AR SR B A 245 BR A 8
T B RO 4 W 5 A 288 5 55 DU 0 3 hy 28 1 BY DDA B
B BRGSO RTRBY DIRIR. B L 4 AN
BE—WAIEIER AT B s — BT AR B 7 DL R B
W3 TE R BB P 0 5 F R A W e B 3, (B3



E11M

BT U AR IR T R R LS M B M g SR AL R 1491

P AR 25 R A B g ok 201 I R (29). A5 R
FERL 4 AT, TABIF AL 4 ER S, HEIW 2
DU S I HIL R - AT 75 20 (5] 45 485 g 28 M e IR 1) i
. LU EIRAGE R Al BT Matlab iR sCBl.

4 SHSH

4.1 BYEWIE

B Hi & 0 1) SRR KA F T B 45 4 i B i 43
WrARIE Y5 /0 H 2SR E R A T 0%l R ja
SRIE T EERIR AN IE R ESE . FEIE R AE T
RIERA p=0". L5H R 850 A B R, 41
AN 5 BrR. Bl SRgk A O fh 4R, B4R N 4
FEEDI (B RMNER 1. OXFIERBEET S
P2 T 1T 2R A BEIE TR 25 R, T B H A Y &, Kiger
EIFFE AR 7T WR (2 14 m)JERE R 4 W
(10. 16 cm) JJF#f A 180° 1) 94 v [ 52 v 398 B 4 45 4y
FEIE R CHRR T 2O ME R T M B SR A T 0
V5T, S5 R RO, [ HEEE M 2 B 7E HE TR, 759 0 HE 5
Wi A5°f7 AL 7= A K 4%, T R B 2 S M
I 2 AL AL, PETRIBIM 45°( & Ak iR 5E
B N R AR R, AR T WISk R Y
SEARST BN, AN AR IR L SR BUEH# Y
5. 5°. 38 Hp, HL TR 9 U HL B A 3R IR oK T HLRE
WA E BERI S MR s B SR = A TN 6 FR L BB
T I52 H 455 o S P e F R L A vk R 1A T 5
HEE PR , BRI T 5 o S M 1 7 B AT
JRIF AT AT 45 R

4.0

| — AR ik

A SCHR[25]EE I 2%

by
L=
T T

JE/(107 Pa)
S
o L o W

oo
n

0 I LT I )
-60-40-20 0 20 40 60 80

AE/C)
B5 EMBRETEHSH

Fig.5 Load distribution of arch structure under

vault blast loads

4.2 EHIBEA

T IR [P HE LA A I 18] LR AR AR T
AIEBPERESR AL S AT A 200 = 180° AR W 35 [ 52
[EH5E. 3 KEfm A1 U — 15°, — 30°, —45°, — 60",
— 75" 90" BB — B IR M IE . 55 —ZR i A AL

H6 ERBRETEMHRRNE
Fig.6 Hinge location of arch structure under
vault blast loads

FED , LU BIBEEE A 0.5 m « kg ™%, 5 U 3 b 1] 22 F BE
B Ho=1. 2 m; LM RE 42 r=10 m, $L454
B E H=1. 0 m, #{1H % B B=0. 8 m; #t45H)5%
FH C45 IREEL . YA 3% I HRB335, X i) % FK AT 55 »
SRR AN B A e F 2R 4 N 0. 5 06 . F Al (%
PifF) R A HPB300, FRf =4 0. 5% ; U F A5 A i
A+, HESH T o=1420 kg * m?,c=1 350 m »
s EMRE n=2.5.
4.3 BEUSEE.RFSBERANEER

7 PR KA 8 o T LS5 4 B8R B 3 A S e, K
AN A A KR A A AR BB PR IR TH R AR, THIR B
B A JR R R AL A ) SR FERT BRAE T, 454
R VOB B, 3 H 4 DML 4 AR R AR L
AN AL. IR 1 frzs A, 4 D EAPEEL
— 5T AE P s HEI BRI 5 s AL L D) BT 4 1A
HEUE O B BER AR /N, B e BT T
IHERE DL SO IR B R i o B BEE R IR A R 3 K
55 1 B B TR T T R 7, LR B
X3k A A B S R N B R & TR T
HERIFFT (—60°ZE ). WK 7 fiR . &4 mE LA
P B AR X DR A 38 T A W ) L TR A% 30, 2

£1 ARABRERATEMRESRE
Tab.1 Angle of plastic hinge at different bias angles

KR/ () ARHE R AE/O)
S1 S2 S3 4
—15 90 —18 45 —90
—30 90 —90 —29 39
—45 90 —90 —43 31
—60 —90 90 —52 2%
=75 —90 90 —58 21
9% —90 90 —66 15

1£:S1.82.83.84 M HIFTE 1~4 DI



1492 Rl ¥ k2 2 WE KRB 2B

46 %

o BRI R
o 8 | MHEBT
o 2 MBS
o 3 S
e ° B 4NBHGAE

B7 TRBERSTEMRIGCE

Fig.7 Hinge location at different bias angles

UL AL T 8 T — . 2 2B 1 ™ A B I
B IR B B A I, ST AL e A T B
IR PRI, AT S8 A T 2B M ) 7 A A R TR 445 44 B
IR X, FF R Tk A B0 B R AR B VR e 4
iR FRAR# .
4.4 BEBFAEXSRIERBHXR

IS ER 3 W B BRI AR W] LUBR 2
BB RN ) (R 2 AR MUN.Q 433
AN S il JT A BT g AR o AR BN
VAR %A 1 Bl 45 K 2B PR IR i 7= A B AR 4k 3R 2
FBIERAR B= — 307, 45 4 MBI S5
TR AR 3. BEH 17 I 0 » 2540 YE 1 Wt 4 e
S5 1 AT B B AR AT B T T AN B e
FLI S L3 M BHENE T M S5 2.4 13
BRI . %451 5 S P TREARAT.

x2 BUERLBEAA

Tab.2 Internal force of plastic hinge

) S1 S2 S3 S4
M; /(108 Nem)  0.358 0. 359 0. 373 0. 393
N1 /(108 Ny 1. 370 1. 833 2,142 2,419
Q1/(108 N) 1. 827 2. 281 2,592 2. 960
M /(105 N » m) —0.419  —0.435 —0. 449
N2/(105 N 3.129 3. 490 3. 828
Q:/ (108 N) 0.727 0. 821 0. 819
M; /(105 N » m) 0. 373 0. 387
N3/(108 N) 2. 142 2,434
Qs /(108 N) —0, 049 —0,133
M, /(105 N » m) —0, 446
Ny/ (105 N 3. 822
Q:/(108 N) —0.011

HTF R 2 i A E, & R R
52 P IX 75 2 » LA B % o £ 57t PR 52 T IX g BE. [P 2
K5 S IR K i £ T SRR B0OKT oz A T T 32 s X e JEE 51
T3P

A EUHT Y 32 s DX B 3/ SRS P IX v

*3 BEUREESERSE
Tab.3 Compressive height of plastic hinge cm

KR/ () AR BRI R R X R E
S1 S2 S3 S4
—15 37. 38 32,04 29.10 20, 40
—30 34. 67 34.05 36.16 34. 36
—45 39.56 38. 07 37.99 33.29
—60 36. 68 39. 83 38. 50 35. 85
—175 37.23 40. 10 38.93 36. 61
—90 37.69 40. 32 39. 33 37.18
Zebh 44, 00 44, 00 44, 00 44, 00

(44,00 cm) , PR LR T P9 7R A8 R fm . 5551 1
0T AT 5 /AN » PR IR A TR s AR O TS
BRI 24 TR R . 72 LA b KA R RER A 32
PN AT e M 5 32 VR 25 - PR A s 38, R — A
PHAR Y SE PRI, PR, BT LUK I 1 3R SR PR IR
TR R BN AR, 1 2 TR BT

5 &Hig

(1) PUSRIAPLHT , S5H058 B &7 2 DRI
UL BT, ok 2 DS B B
KA A A% Bl T AR AL (BLE A7 T BRI (E 1
Ak, LA T — UL 0 8 2B PR 7= AR I
AIERKER A AEOC  FERRKE IR A B/, BBV sE B
T T A BB AN R B R L R AR AR IR A
IR, 28 1 NI RB H B T k1  E AR

(2) ZA PR R b, 8 A RS &
Xt B M R B R AR B M. 7R SEFR LA R, KA
J 430 O BHLARL A R IR X, A1) P o AL 5 2 A
E IR P BB A AR K, T3 5 TR BT

H1 TR KR 20 I i o 0 s vy, S5 A A
PJE AL T APRHEE LR R AR AR A BLR J7 R A
BONR A, BARASCH W T —Fh P J7 ) A AL 77
(B RAE KB AR P e AR E 2 R, LR
AR L TE 75 P AR K A 2l A 1 o AT 7 45 A i
JO7 SR A A v 2 P A M AN A BT AR A PR 4 1) A
B SE G B IR AR I T T8

Sk :

[17 US Army Engineers. TM5-855-1 Fundamentals of protective
design for conventional weapons[ S]. Vicksburg: Waterways
Experimental Station, 1986.

[ 2] Departments of the Army. TM5-1300 Structures to resist the
effects of accidental explosions[ S]. Washington DC: The Navy
and The Air Force, 1990.

[ 3] Departments of the Army. UFC3-340-01 Design and analysis of



E11M

TS T AR R T R L M SR PR A

1493

[4]

[5]

[6]

[7]

L8]

L9

[10]

[11]

[12]

[13]

[14]

hardened structures to conventional weapons effects [ S].
Washington DC: The Navy and The Air Force, 1990.

M. MR L HARBREBIMRI] TEAKRIRE,
2004,29(1) . 24.

ZHAO Hua. Ultimate bearing capacity of reinforced concrete
arch [ J]. Central South Highway Engineering, 2004, 29
(1):24.

FAR R, TR A, RO, B IR D LR AR R AR B AR ik
BeWrgET]. MM REEMARRIEMD ,1982,2(6): 79.
ZHENG Zhenfei, ZHANG Shangjie, PENG Dawen, et al. The
experiment on ultimate bearing capacity of reinforced concrete
arch[[J]. Journal of Fuzhou University ( Natural Science
Edition), 1982,2(6): 79.

Biek. BEFERH T IM]. JUIT . B BoR  ARAE, 1957,
WEI Lian. Analysis of statically indeterminate arch [ M J.
Beijing: Science and Technology Publishing, 1957.

BB Bivde B ROEN A [M]. Jb5 . Bl R
#t, 2004.

WEI Demin. Nonlinear theory and application of arch[ M.
Beijing: Science Press, 2004.

WEIDLINGER P, HINMAN E. Analysis of underground
protective structures[ J]. Journal of Structural Engineering:
ASCE, 1988,114(7).1658.

MAGW, ZHOU HY, LUY, et al. In-structure shock of
underground structures; a theoretical approach [ J J.
Engineering Structures, 2010, 32; 3836.

CHENH L, XIAZ C, ZHOU J N, et al. Dynamic response of
underground arch structures subjected to conventional blast
loads: curvature effects [J]. Archives of Civil and Mechanical
Engineering,2013,13:322.

Prigde, &F4, EHEL%. MEREERT T E0E 450
AW A S TRYM, 2012, 310§ 2). 3478.
CHEN Hailong, JIN Fengnian, XIA Zhicheng, et al. Dynamic
response of underground arch structure under side blast load
[J]1. Chinese Journal of Rock Mechanics and Engineering,
2012,31(S2) . 3478.

SOk BIE R B T M T 45 3 0 T BB E B Lt
SELD]. MR AFRER T KY¥,2014.

WU Yongzhong. Dynamic calculation model and comparative
study of underground structures under explosion seismic waves
LD PLA  University of
Technology,2014.

KRAUTHAMMER T, BAZEO S N, HOLMGUIST T J. Modified
SDOF analysis of RC box-type structures [ J]. Journal of
Structural Engineering: ASCE, 1986, 112(4): 726.
KRAUTHAMMER T, ASSADI-LAMOUKI A, SHANNA H M.

Nanjing: Science and

[15]

[16]

[17]

(18]

[19]

L20]

[21]

[22]

[23]

[24]

[25]

[26]

Analysis of impulsively loaded reinforced concrete elements I:
theory[J]. Computers and Structures, 1993, 48(5); 851.
SUN Huixiang, XU Jinyu, LI Qing. The failure mode study of
underground structure subjected to blast load[J]. Journal of
Projectiles, Rockes, Missles and Guidance, 2011,31(5): &9.
FE, RV, BEFRRIEATEW RC RBINESH FER
FLT]. B, 2003,20(1): 39.

FANG Qin. WU Ping’an. Analysis of the main factors affecting
the fracture morphology of RC beams under explosive loading
[J]. Chinese Journal of Computational Mechanics, 2003, 20
(1):39.

PIPPARD AJ S, BAKER J F. The anaylsis of engineering
structures{M]. London: Edward Arnold and Company, 1936.
HEYMAN ]J. The estimation of the strength of masonry arches
[J]. Proceedings of the Institution of the Civil Engineers,
1980,69(4).921.

CHEN Y, ASHOUR A F, GARRITY S W. Modified four-hinge
mechanism analysis for masonry arches strengthened with near-
surface reinforcement [J]. Engineering Structures, 2007, 29;
1864.

CRISFIELD M A, PACKHAM A J. A mechanism program for
computing the strength of masonry arch bridges[R]. London:
Transport and Road Research, 1987.

BOOTHBY T E. Collapse modes of masonry arch bridges[]].
Masonry International, 1995, 9(2). 62.
Bk g R M. EE
TR, 1981.

QIAN Qihu. Calculation principle of protective structure[ M].

PEARBRETRE

Nanjing: PLA Military Engineering Institute, 1981.

HENRYCH J. The dynamics of arches and frames [ M.
Amsterdam: Elsevier, 1981.

FE HE. HTFBPERIM. 16 B EUKFIK S B R
#, 2010.

FANG Qin, LIU Jinchun. Underground protective structure
[M7J. Beijing: China Water Conservancy and Hydropower
Press, 2010.

&FE,2NE FERE, 5. BIEMBIENT REEgUELS
MR R R AR ICE R TR %244, 2011, 12(6):635.
YUAN Xiaojun, ZHOU Jiannan,
Distribution law of blast loads on large-span compound

JIN Fengnian, et al.
structure [ J]. Journal of PLA University of Science and
Technology, 2011, 12(6) :635.

KIGER S A, DALLRIVA F D, HALL R L. Dynamic skin-
friction effects on buried arches[J]. Journal of Structural
Engineering: ASCE, 1989, 115; 1768.





