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Fig. 1

Phot. 1(a) Scabbimg of concrete wall caused by gas
explosion and the openings of wall from
which the whole fittings have been blow
away together with windowpanes by the
explosion

Fracture of upper reinforced concrete
slabs made by the explosion

Phot. 1(b)
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Approximate speed of various accidents might fall upon structures

Phot. 1(c) Many cracks in quake-resistant wall
deformed by the explosion
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Phot. 2 Example of fracture of windowpanes sub-
jected to air blast of an explosive
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Phot. 3 Another example of gas explosion in
building from which all fittings had been
blow away together with windowpanes
from the opening of reinforced concrete
wall
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Fig. 2 Plan of rooms surffered from an accident of
gas explosion

Exbhd eiFEasds, LI YRDZELBER
h3, TOMIBIZi276cm X 80cn S 5 mDFFED
HIRAAEMN] 2 BHIZAVGBR T, 22Tk
ENNERTEMAnRBRAO L2 03724, 2
HEHA—BD S HICK ERIEZINBDORAICRA TV 3,
#ot, CORMIABO N ABRRPHOEMOV &
DOKHWEFELDLNTES,

3. BHELLIMEHOTH BN

WHULR 21 RTRE O, TEHITIof DR ERE (11
) EFQUEDTRELE, D= v ey viL 1B
MIES, 2L EMNEREER LTk, 2HLE
I ERORAEF 2 FAE ORI A TRE
Eh, TthEfhoHERIM S 18caDBff= 7Y — ¢
HhBThIGh T3, BRF LR LESOHG=
v7y—rBCHETH, REMIS 1T TECT
5,
FRIZIEMEDOBEEIL, EFOK LTV D
B NEAEGL, 2 b BRGCEERLATED,
BROZB-1EFLETOERRUETOEF & T OB
DRBERGTIHFLET THH2 (B3), oD

BHEATLEIZRS{RATHBRZEDbhish o1,
BROD-1-EFOLBAF7Y (BREAZ S, AR5 7
DEKEIEHBIZL > TR EZ 2 15cxDBF B » 12
5, SEHEEORETLCEXFRLCLTREESA,
TIABBHTH 1) ZTHNTKEL, RT3
FL—ERELEFOhHE, BT LRRLRLT
2 (FERL ), Thic®l, FTHORAT 7 (KR
77, BERBLEAF LR U THENGEHIZ T 71
EF T s~ 1) EKESERIZ LTV ARTI
Licthrntz, 20X 52, LA 7L HOTFHA5 7
DRERESPIVDIL, 2L ERFTREFOHLOR
MIZE/HTHL5128HTh T30 6THS, BHE
18cad@@ NBIZ AR, BBYEEL AT OAIZLO
THHMMBRIM LTI KELBENERL, B2
LA LCu ey (B (), B4), 7272,
5 imRT L 5K A 5 7ofFic & 7 5 B EE
Pmb o TEEIARELL»T\v 25, BREFORMA
DHLEBHOTBREELBO ISR LA (BBIZEAS
hATuv3), BB LEENEILER L&HORY
SIEHRBE TR RELRE 7 i, FHEh
551, 25 5 70FFHHRM LB (No. |
—1~No. 1 -3) ofh - Bfiicit, »2T, K
ERHRRBEORTHEER L LABBCRA LK
oML, 23,2825, 0hBOET
(No.2—1, 2-2) BAXRBTHS - Lhibh
5, SOOI L, WEDOHRE Tl @kih=
79— PABGEOBRARRY LELHBTH S,
2% ), FROHREIZLZBH2 2 ) - FERYO
fOBHSHI—-REBrET iz, BF
BRI ELO TRH LK E LTOoXEcBiRzH
HBLEAGCERERLTH Y, BAHOFHROAD
ARBETHIRLMIICL > TMBE LA TH S,
OPRTC/YBE—BHRE LA, ThiiBRy
HEURERNHL TN, BREXILSATHAIES
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Fig. 4 Deformation of quake-resistant wall subjected to gas explosion
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Fig. 5 Deformation of slabes supported by a beam B4
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Fig. 8 Deformetion of structural members subjected
to gas explosion (exaggerated)
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Fig. 7 Stress-strain curves of reinforcements used in quake-resistant walls subjected

to gas explosion
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Table 1 Sizes and placing of reinforcements of structural members analysed

depth|width| length placing of reinforcement
(co)] (cm)| (cm) end part middle part
upper slab up. D13-20cm ctciD13-40cm ctc
RS1 15 | 452 | 492 { dn,D10-40cm ctc|D13-40cm ctc,D10-40co ctc

floor slab 15 | 452 492 | up.D13-20cm ctc
1181 dn. D10-40cm ctc|D13-40cm ctec, D10-40cm ctc

quake-re- 18 | 258 | 1135 | horizontal D10-20cm ctc

sist.wall vertical D10-20ca ctc
beam B4 70 29 692 | up. 2-D-22 2-D-22
dn, 2-D-22 4-D-22

Note : Placing of reinforcements is shown only of middle half part
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Deformation and fracture of reinforced concrate structures subjected to
gas explosion

Response analysis of structures subjected to blast shock or impact:Part 1

by Jin-ichi TAKEDA*

This paper deals with a part of studies on design method of impact resistant and blast
shock resistant structures which have been carried out continuously in the author's
laboratry. In the design, two kind of responses of structures subject to these impulsive
loadings which are brought about as the interaction between loads and structures should be
obtained numerically, at first. In case of gas explosion, however, the calculation of the
responses of structures is simple extremely, because detonation scarcely occurs in general
and accordingly a kind of two responses is able to be neglected.

The accident of gas explosion in a reinforced concrete apartment house which occured
in January last year and made heavily damages on several dwelling units of 11th story(top
story), has been studied on the mechanism of deformation progress and fracture of struc-
ture considering the results of response analysis which have been done with the method
already reported by the author®.

(*Director of TK Research Institute of Impact and Blast Shock Engineering, 4
—18—1, Oh-machi, Kamakura, 248, Professor Emeritus of the National
Defence Academy, Dr. Eng.)
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