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F—1 1987 4 1 A ~1988 £ 12 AORIC ENR SHICHE & W 1o s D iR
BHL-AEWSE mEmE BERR HERE M * | Ref.
Cable roof of fencing BBy —-7NVE—-LEH, F—7WBRUENEZRSEHOHRT | EENEMRIKZ2TESGT. B Jan.8
arena in Seoul Olympic 12, MAEOY=TANTN, ALHLY | FOF—-T A5 s#oh, D 1987
Park, South Korea Y hTALHRA2 AMSBEIOBEINS | F—TNIMBATWERD, Ff1| c4
BHTECLE,. BWHBNT. =T N 2H
"HNITE,
New stadium deck of Husky | LR % > FOME, XAVWHEHORET | RHHEMBMANERFSI ANV FOR | BXTHRAWARORAET L Mar.5
Stadiug of Unisersity of |HREN 3 FIAMET. KEWHERY ¥ | B8 r/J\i!}l.l ER L RMRICES | —AVNKEREROOIT+AE | c4 | 1987
Washington, Seattle, USA | FEARORENI GBS, L3 1 1 2N
Roof of a roller skating |25,000ft*% 857 L NTRXAVIERIE, RUAFNEOEZOFHETRIPELL . | (FEICMTSEAERL) Nar.5
rink, Richmond, Va., USA BDE3IENEAL. 252 HSEL -, 1987
Fabric tension roof of |2 ODBTHRHGREY YA YA—F4vY | ZROED, BEIHOMENSH 200ft | BEDOE >0 & 2o LHERR Apr.16
Shoreline Amphitheater in | %75 MM OBRINME, &) : 21000t | QBEHI5| 2@Nh, £BAO /3 (STERMTRBALEGOTSH> | c6 |17
California, USA BBl BELAICHENAURNED | 2, RESREL AROHRRD
EoLE. TORUHGBDU/10ES 1,
L’Ambiance Plaza under |7 L¥+X bar2Y—FEOLKEIY | IWO ONRELERAT, VUNR | TEFOET V-0 F+57> Apr.30
construction in Bridgeport! ¥ 7Ly 7 X, #100x60ftDBAHKT T D | OBHL 123 1k, BROI—-FDY7 | =, c2 |1987
Conn., USA 200FT—NERB5ORMIIGRE, O | -2HEBLE, BADFELLE, shearheadDEREt = X o c4
Y2 DRARBERR L FYYa D
AFTNOHEREIN TS,
A reinforced concrete IV IY = b T AVBAEBBRO7 N~ | IFLHSTHOREOMEICHAON | HEOTAATICHGT & SiHt Aug.20
apartzent building in RS, S RANT R ERBLTWEESST | ZEZoTWERo 2, c2 |1987
Belem, Brazil WEH N THBL =,
Gymnasium roof of Athena | FE#H4.000ft=& B > A% "open-wed” b5 X | RARICE & L LEHN, joint OEBAMT+ITH %, c2 |Sep.10
Elementary School Ore.,USA | i, & #id "finger-joint” % (A, SRV - bz SHHEMB Y, 1987
2 towers in San Antonio, | A& WIE LT 520D 40ft 2N 220 | EHESE . Bf4Sophic i U Tt %17 T Sep.17
Tex.,USA DW/XI0LDMAEY 7 —, WEN | BRIEROXERERE 55| c1 1987
wphTH o %o
A building in New York | 6PEERsCIITIHNG. WEWOHREI VML . G LIRS | HT2LOWBT 20210ftOBL | c6 |Nov.3
garment district, USA RELE, YHBRTERE, 1887
A Manhattan town house, | WF 75 50x25ftD5SEERBAMMME, | SEMA, B2 LOEST, HRAMREOE| c6 |Nov.1S
New York, USA HOERTICRBREINLEDOTH 5. REEOHIRD L EIMB > T, 1987
A print plant in Waseca, | fg130ft, S X910ft, WAIBINDIAY 7Y — [ EANVORENELT. 27V —F | BOTHFTER. c2 |Feb.4
Minn., USA rFEOOHKBITBME. oSNz REE N, He. c1l 1988
Jack Breslin Student | &|X 22tOFY—FOHy ZRBERELF (6 BOFSRARD 2B BT Y—FDR | 7 V-V DF—NK~-u—F, | Mar.3
Events Centre, Nichigan | XitD, BOB=MEHD LY. HATWEES c4 |1988
State University, USA 2 SftOB/ENHETLE,
A  supermarket  near ST 95,0000t DR 7 U —LWE. RF | 0x70ftORIANBAOEI N HHNE | under-designT, 0in.O¥WE May 5
Vancouver, BC, Canada —VFwxarry—rRIiR. Bl PHEETAHB/IEDIUINLY | c2 |1988
Exenidhork,
A children's hospital in | 1985 T L AR 7 L—LaME. a2 | BLHEK. e b2zwWHROBRA, c3 |May 12
Jammu, Kashmir, India Lad 2 £l {7 4 1988
A cut-and-cover tunnel of |SEMMFYANAXFT IR 85ft, HX | 15DV 27Y— MdDHAY Y T LK | diaphrageToR Y 5 & 3 288t Jun.2
Interstate 90 out of |38.5tondDiz D, RTERESTROCEDIRNIGERAN | £LTWEL, TEHTENRED | c4 1988
Seattle, USA CHEL. Thr b2 SRENMAE, | KLTWERo R,
KIVO-TV television tover |32V — FEEOSET LI 5. MI2000 | 7 L—AEHERBREL 22, TOR | 7 V- AHOBRBERDIC, KL Jun.9
in Colony, Mo., USA LT, 1100 AQORH (rod)h 683, (BEfE | AtdLEE~, EORIHHEREA, b | GEE T HYAARIWEHoL, | c3 1388
{35/8-3/4in) RO00fLHWT AN, BHEL I~ —K&HR0.14~0.15206 c4
#210.3350 b DI B> TWERE
HBHAIERITRL Bo TR,
A bridge of interstate 10 | H{E24ind 2> 7Y — MR OCBAII—4 | I 7Y - FOITBRBET>TWAL | RROXBE IR, RBOASI Jun.23
near EL Paso, Texas, USA |2¥RH6h. BBICHEMIERAONARE | & RDOIRPSERA L0, —#d [ o7, c4 |1988
ft, @it > 7Y — b TFRIRD, bZhhi,
Ceiling in a city hotel in | MX1/2inOEHH— b L AH, 6-inda Y | kKB A6x12ft, BAYTFHRY FOXHI KE»SDKbNICLH>TIAYT Jul.?
New York, USA 20— b L1BinDOEIM 52 5K, BHT. FLANFECL =, &—;0?3&%7)‘5!}!&9&&\\ ®| c5 |1988
. . KKE2 72,
Arena scoreboard of New [EX18 b DAXIF7H—F, BE7L—L06 450 =7 N THL | B0 Ric & S WEWORE, Aug.25
Charlotte Coliseum in ERAT7H—-FE T 2HIC—-808L c3 1988
North Carolina, USA TRNEBELEr D BR7 V—
Aiz@EL. SStOHI N HMITES .
A prestressed concrete | £/1183ft, BMAMNBR BT HOKI» SHM | HXBODTEHOHEREL LR, (BB 28R ®mL) Sep.8
bridge in Aschaffenburg, EhTws, ZhaiEL . BMOMIMtOKTLES . 1988
¥.Germany
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DHIZERBM D12 DIZEZZ 12l & 0 #5/NS NMEIC 2
0, NI FEREBMOBREZRAB LI LK S,

1\]“,:&‘,.1\]“_l (i=1~n) ...................... ( 1 )

Neo © BB MW EFERM O A fndh

Ne: : i & H OERERM O3 TR
REHTERICEMICE U s8H (N,) S8R (N,
DO (S=No/Ns) 2REELESTHE, 2D LR Snax
E TR Smin & D Smax/ Smin X0 a &85, 1EH

WAL+ TITPE L, BROMOERSMEHVIEEE

BRI, DT RTOHEMIRLERASFRE FROBIC
ABZELEB,
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SR T ADTRTOEMABMICE EF 5 551
THaRE s WEEEE L R—WER O % 28
MIZEZ, REHEZER S ¢ ORI 2T, Ko
SNNEMMOREMNITIE U T, FRMNNPEFNRED
REL, PORLIVERM % 2-1 TR~ {EREMD 1)
A HBROZOMNEBICHRHAT S, 25 LTEBEI AT
MERICOVTHOMERNTA1T), CORERICKS
EERIUFBEICEOWHRAEET 5, ZOFIE% Wik
OEBPMBELLEHETRVIET, 2HLTHBHNT
MBCE 2 K b 7 ADRIEE TS, K—2 IR TE
W7 a—F+— h%&R9,

2-3 MK T AORREFHELRMY

2B 6X6 AV DIEREMKNT X (LIF T 2 SQ
EMT D) L2B6XI AN VOERETIKRFS 2 (L)
TrI7ARE &EMi92) 2%ét45. 170y FoEX

prepare member table for chords and diagonal
members respectively

D, tx, Ntae, Neax (k=1,+n)
I Ncai | <1 Ncaz'l < =+ <|Neax t < - < | Ncan |
» i
initial arrangement
Di=Ds

tizte  (isl,em)
I

elastic analysis
solve N;

select (Di,tw)
for(Di,ti) so that
Ntac-1 < Ni < Ntac

select (Dx,tx)
for(Di,ti) so that
Ncax < Ni < Ncag-)

[ J

. Outer diameter of pipe member

t © Wall thickness of pipe member
Nta: Allowable tensile force

Nca: Allowable compressive force

i & Count of truss member,(l,--m)

k : Count of prepared member,(l,+n)
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Wax, ylAAEdb4m H3E1L5mET S, TEO
BALOTRTCOFMmEAENEHRICXREL, BTN
TOMEIODNWT RSB EZIEHI Y5, HEIL
BERE, BEHESFOMENEZE X, RitAEL
5.0ton/fif & Uiz, BEED &S s EIREIIE X
BV EIZT B, FTRSQ, bFAREDEREZEZN
FhE—3, B—4I12R7,

2-4 EREHHI
HBMORLEORAERTE o« KR/ D 2HEBORE
#FF7ASQEPNTAREICDVWTITotz, ab/han
& FHEMB O RN DO X /hE L, FHREMD
BENALL, R a WAEVEEFABHMBOFE
EhoBEAKEL, FHBMOBEN YLV, 22T
13, v 2SQ, hFAREIZDOTHEEIC, Smin=1.5,

a=1.2 ZEAKE L CHEHEMEZRELL. 20K
B EHSRM DO —EEEZRT, a=1. 2(F&EH ), 1. 2°(8&%
Hor) O2BEORHEEZLD, «=1.2DFETIE
BN 5 2 BBHOHMOBIRICK->T, Ri25 6B
HHMTED (11~76), BRIAFROFEHEMO—E
kF—2 OHEMITRY . EHRAFEO P T AOVT, B
EHAESE LT, BHMEREXEHED, SR EEICH
BEEARUCROIEHMMERED LU 3.2 THRXBHEKT
K1 ARBR ST ER—5 IKRT, 71~76d a=1.2°D
HitETH AN, HMOBRAENRL D E, KEMRN
NAELEILT B NN D, LLEDERTELS, bT
ZSQI>VWTI f, ra& r5%, F7AREIZD0N
TS, r1& r3%2BATUBROEE.RITY. LLE14
DHFEHEOAR P 7 A SQf & b7 2 REf OFMEE % %

&2 RIBUCHOV A FERSM B L CERIARICBOTHO L EREMOAHO—RR

2H gg WE |BEx | GMHBSE | AT EER ERBHOAR
W @ 5 AS Q0D } 5 AREDRHEES
wm | mm | D | | N Ne) 7 [ri]c2][r3]rd[r5]r6]F rlrzrs%%rSrsf'
ol | 6.05 | 0.30 | 13.01 2.91 80160 60|68] 68|60 689599 101]103{ 98] 07]68] 75
c2 | 6.37 | 0.31 | 14.05(1.08) | 3.49(1.20)] 0 0 1 1 1
3 ] 6.70 | 0.32 | 15.17¢1.08) | 4.19(1.20)] 8 0 12 16 3
c4 | 7.06 | 0.33 | 16.38(1.08) | 5.02(1.20)] 0 0 0 16 0
o5 | 7.43 1 0.33 | 17.69(1.08) | 6.03(1.20)] 0 18 6 12 2
6 | 7.82 | 0.38 | 19.12(1.08) | 7.23(1.20)] O 0] o 8] o
c7 | 8.23 | 0.35 | 20.67(1.08) | 8.68(1.20)| 8|16 0114 0
8 | 8.66 | 0.36 | 22.35(1.08) | 10.41(1.20) 0 16 10 16 4
% [0 | .11 | 0.37 | 24.18(1.08) | 12.50(1.20)] 0 12 ] 14 1
b |cl0] 8:58 | 0.38 | 26.17C1.08) | 14.9(1.20)} 0 12 8 2 8
c11]10.16 | 0.39 | 28.67(1.10) | 17.99(1.20)] 0 12 2 20 2
c12]10.87 | 0.41 | 31.95(1.11) | 21.59(1.20) | 16 212 18] 12
e13|11.70 | 0.42 | 35.95(1.13)| 25.91(1.20)] 8|12 _ 8|44 8
={c1al12.66 | 0.45 | 40.81(1.18) | 31.09¢1.20)] 8 32 8 20 6
s00cal €15 13-74_ | 0.47 | 86.73(1.15) [ 37.31(1.20) |8 3% 1 28 8
16 14.98 | 0.50 | 53.90(1.15) | 44.77¢1.20)] 8 14 8 36 14
c17]16.37 | 0.52 | 62.58(1.16) | 53.73(1.20)] 0 ) 0 a0 0
e8] 17.90 | 0.56 | 73.08(1.17) | 64.47(1.20) ] 16 61] 4 6] 8
c19119.69 | 0.60 | 85.72(1.17) | 77.36(1.20) | 4|56 2@ 20
20 21.65 | 0.64 | 100.97(1.18) | 92.84(1.20) 36 8 16 14
<21 23.82 | 0.69 | 119.33(1.18) | 111.41(1.20) 2 6 55 10
22 26.22 | 0.74 | 141.43(1.19) | 133.69(1.20) 20 7 al 3
23] 28.87 | 0.79 | 168.00(1.19) | 160.42(1.20) 3 37
24 131.81 | 0.86 | 199.93(1.19) | 192.51(1.20) 12
25 35.04 | 0.93 | 238.29(1.19) | 231.01(1.20) 17
26138.59 | 1.00 | 284.36(1.19) | 277.21(1.20) 9
a1 | 4.86 | 0.27 | 9.3 2.08 53] 48| 56| 5256 | 52| 48 | 60 | 68| 76| 72| 64 | 64| 64
92 | 5.10 | 0.28 | 10.18(1.08) | 2.50(1.200] 0 8 3 0
43 [ 5.37 | 0.29 | 10.96(1.08) | 3.00(1.20)] 4 1 8 3
a4 | 5.66 | 0.30 | 11.82(1.08)] 3.60(1.20)| 0 0 8 112
d5 | 5.9 | 0.30 | 12.74(1.08) | 4.31(1.20)] 4 20 16 28
96 | 8.27 | 0.31 | 13.75(1.08) | 5.18(1.20)] 8 28|12 18
2 [d7 1 6.61 | 0.32 | 14.8a(1.08) | 6.21¢1.20)] 0|28 1056
g |98 | 6.95 | 033 | 16.02(1.08) | 7.05(1.20) |78 36 16 52
4 | 7.32 | 0.33 | 17.30(1.08) | 8.84(1.20)] 16 a8 16 60
a10] 7.71 | 0.38 | 18.70¢1.08) | 10.73(1.20)] 0 18 0 72
di1] 8.18 | 0.35 | 20.46¢1.09) | 12.87(1.20)] 0 13 12 68
=[a12] 8.77 | 0.36 | 22.771.11) | 15.45(1.20)] 8 34| 20 56
s20cal 013 9:45 | 0.38 | 25.60(i .12) | 18.54(1.20) | 1660 1260
413 10.20 | 0.39 | 29.05(1.13) | 22.25(1.200] 0 36 3 68
a5 11.15 | 0.1 | 33.25(1.14) | 26.63(1.20) | 8 40 12 78
416 | 12.18 | 0.44 | 38.35(1.15) | 32.03(1.20) 20 8 68
di7{ 13.35 0.46 44.53(1.16) | 38.44(1.20) 24 56
4181 14.66 | 0.49 | 52.01¢1.17) | 46.13(1.20) u 18
d19116.14 | 0.52 | 61.04(1.17) | 55.35(1.20) 8 )
420 [ 17.78 | 0.56 | 71.94(1.18) | 66.42(1.20) 8 20
4211 19.61 | 0.60 | 85.06(1.18) | 79.71¢1.20) 7
() ORRIERNOBADHEMNE DTS B, f DJI6BERA~NSEIRE fOURRLBL TV IBHARERT .
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TEY t r;m l 3 g
B—6 (a) F 7 A SQf OEMAEE E—6 (b) 3 2 REf 0FHEE

hENX—6 (a), M—6 (b) IKRT, r1~76RHE
DIMEBRNIIERE T 20, KiICbBR1z k> § a5t
CREVPBVERORM TR LI LD T, HHMEE L
fREIREBUBAERL TN S,

3. BAICAROWIRE T 3B 2B T 2SO

&

3-1 BEOEFML

REt, LB LUOZOMD I X, 50T RE
THNERERICL > T, &K T 2AO—EWWHRIIC R
DOBEZFE U, ZOHRFEENSERLIBEOWHRE K
IKHRNRBHEICLOFANRD, H5BUPTRROBES 4
BHLDERELIEE, BRYIDHFDOEMMBZOHLDE
LT, %0 D& SV TRIBRT 2170, KB
B3RS, TRIPBLTH-> IS, FOOEHHIR
BOWEE LIt Wi+ 5,

3-2 HEHTOH %

N5 AEHAET R R & & O -BE TR

BHOERIEIEN—TOEBOELIICEF ML TS
37, TITIE T ABEE DL DODNENZEE O
THIENBNTIELL, T AEEEARBERED—
DOFELT, 1 KOEMDBED» SHIELTVLES

DEFEDFHLEIELTVDSLYD, BLURBK I —
ARG T4 =TI, FHERE % HHEEEHL /2T

ChEnsnoT, BRREERSIBTETIIRL, B

s b7 AOHBMBITEERVS I &L U, &M
OWMF-MEFLOBFREIR—7 OFERTRT LI, &
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EHEMERTS (BR56E) KRS TV 2EMMO
MERBREE » 53R 5 h 5 MR IC BV CRIRRE 2 £
CFELTA Y S TEEERN S, SIERNERT 125
BIOVWTHHBFRM N CRIRT B E LNV =T
BHEHWND, M ADEHHAD x, ¥y, 2 BEOD
&HEICD X WAL Au, Av, Aw, HRN X, Y, Z
AEZ, HELGACHENsE2KS (2) A2
LT ko TIAE b T AEEOHBURITZT D0

Fon= S KA weeeeeereeeeesmmnmnsnnseeeee (2)

Sox  HEUCER T 52517 bV

Sin s BMIEHIZO 0 EIERANNZ b v

K : 2BEERtE~ ~) v 7 A

Au  BSREL N7 bV
B E BN ¢ B35 (step by step) TR&, 1
step DEITHNERNADVED ETITINKREE
(iteration &) 1= k- TN # i 5, iteration D
@D 8 [ /s » T HPER LS - 1B A1 Z DRTE
SE12ECLCBERERZEMEES. T ADHRR
SAEZRIA b T A SQ DA 100 cm (8e/ Le=20c/ ly=
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RAOWHERERNET 5.
4. WWMRTORBR
2-4 THRHULFIFIASQYY-—XD3BHEELT A

RE v —ZXD3EHEIc>W\WT 3. TR AFET, &
MR REOBIE L 12 & X OBERSEOERH IO
O CHEBMERRAT £ 175 o KRBT T3 1 KOEM 123 A
EOWET A EEEX, BN 1 RIT INIEEIC
SO TR £ 175 . HEHICE A S 120 IS8k DS
BTNz FXBAIBEOERPRERLESLTAXTDT —
ARDVWTRIAITH o MK N7 AOXMFMICED, b
5 2 SQ DBA TIILEIE 288 KON, &M 1AK%
FTTILILOERMPESHONR2EBVHD, FTA
RE OB A TIXLHME 432 OA, 116580 » 5, LK
k5 2 DR E LN &SRO OBfFRE b T A
SQyy—X, P7ARE Y Y=o\ TEhENK
—8, M—9IKRT, BME1IRETT I LICE-THE
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K—8, QIR U RICOVT, &7 — ADK
BRHDE A b 75 A EFHED L UCERERZ % K—10
CRT . KBMNEERGEECERILL, HERK

2A&EE (ton) 2%TE (ton) 2U&TE (ton)
500. 500. 500,
400, 400, 400.
. a
300. 300. 300.
/,—' et
200, = 200, 200,
100. 100. 100.
0. 20. 40. 60. 80. 100. 0. 20. 40, 60. 80. 100. 0. 20. 40. 60. 80. 100.
FREG B T2 b B (cm) th 88 7 4 H (cm) HREPBBE 2 hH H(cm)
(a) +37ASQf (a=1.2) (b) +F7ASQr4 (a=1.25) (c) +F7%S0r5 (a=1.2%)

B—8 #MH1AETaNis EOHE-PRPE L HHBR (FF X SQ)

L& E (ton) 24 E (ton) 2E&EE (ton)

700, 700, 700,
600, 600, 600.

500, 500, — 500. —
400, 400, /; 400,
300. 300. 300.
200. 200, 200,
100, 100 100,

0. 30. 60. 90. 120. 150. 0. 30. 60. a0. 120. 150. 0. v 30. 60. qp. 120. 150.

hREGE 2 B (cm) hRE3E 2 b H(cm) HREE 12 0 F(cn)

(a) b+7AREf (e=1.2) (b) b+7ARErl (a=1.2%) (c) +35AREr3 (a=1.2%)

E—9 #HH 1 AT ahizE ZOWE-PRIE DA (FT 2 RE)
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UDC : 624. 074

A STUDY ON STRENGTH DETERIORATION OF DOUBLE-LAYER GRIDS
DUE TO UNEXPECTED MEMBER FAILURE

by Dr. AKIRA WADA, Assoc. Prof., Tokyo Institute of Te-
chnology, and ZHU WANG, Graduate Student, Tokyo In-
stitute of Technology, Members of A, 1. ].

A majority of structural failures are due to errors in planning, design, construction and utilization, rather than
stochastic variability in material strengths and structural loads. Concerning to this fact, a study focusing on un-
expected member failure occurring in relatively early stage of loading is carried out here to investigate statistical-
ly strength deterioration of structure due to this kind of member failure,

Two types of double-layer grids—6 X 6 square plan truss (truss SQ) and 69 rectangle plan truss (truss RE)—
are designed using a method described in Chap. 2. Two kind of safety margin value—q=1. 2° (design f) and o=
1.2 (design r)—are considered. Elasto-plastic analysis assuming bi-linear member force-deformation relation is
peformed to each intact truss and all the structures with one member removed. Statistical consideration on the
rates of strength deterioraion due to various member removals is performed. It can be concluded as follows °

1) The strength deterioration rate due to member removal varies largely depending on the member safety mar-
gin of design.

2) With the same member safety margin, the strength deterioration rate due to member removal may vary
largely depending on the method of choosing members for use.

3) For the trusses discussed here, removals of chord with large section, thus located in the center part of the
truss induces large strength deterioration.

4) For the trusses discussed here, the removals of web member has small influence to the strength deteriora-
tion,

5) For truss RE designed here, the strength deterioration caused by the removals of short-side chord is much

larger than that caused by the removals of long-side chord. This can be improved by reinforcing the long-side
chords.
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