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LOAD CARRYING CAPACITY OF SPACE TUBULAR TOWER STRUCTURES
SUBJECTED TO HORIZONTAL AND VERTICAL LOADS

By Kiyoshi KANETA, Isao KOHZU, Keitichiro SUITA
Shinya INAOKA, Naoto YAMADA

Synopsis
Load carrying capacity of ordinary double-Warren truss structures under horizontal and
vertical loads were examined by experimental investigations. The experimental results are
compared with the results obtained from the past experiment by using identical specimens
subjected to the horizontal loading. Also, the stiffness of frames is analytically evaluated
regarding slippage of bolt connections.
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Fig. 1. Test specimen (Type A) Fig. 2. Test specimen (Type B)
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Table 1. Mechanical properties of materials

Specimen Slant of Chord | Connection | Axial Load | Load direction|
AWM4A0Q 0 weld 0.4 0 M
AWC4A0Q 0 weld 0.4 0 C
ABM4A0 0 bolt 0.4 0 M
ABC4A0 0 bolt 0.4 0 C
BBM4A0 1/11.25 bolt 0.4 0 M
BBC4A0 1/11.25 bolt 0.4 0 C
BBM2AO 1/11.25 bolt 0.2 0 M
BB C2A0 1/11.25 bolt 0.2 0 C
BBM4A45 1/11.25 bolt 0.4 45° M
BBC4A45 1/11.25 bolt 0.4 45 C
BBM2A45 | 1/11.25 “bolt 0.2 15° M
BBC2A45 | 1/11.25 bolt 0.2 45° C

% Loading Condition
C : Cyclic Loading
M : Monotonic Loading
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MOBEE, BRBHZCLZ2LOL MIR2HERAYFEEBRLV N 2RCL>THEALLLOLED 2EETH
5, MF, ey 7L — PRCRNV MR OB REBRICETLTRBRRLZNE DRI L, &, BEE
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L, BHEEEEM, FARBERELEHRE2 CTRT, UE3IXFEOD L CHEHARMTEOKE S 2R
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BEICEA S EVBE RN L TEE 7 Vv — A 8ET I o hTwd, EEFICIZA Mo —2 30 cm @ 100 ton
EYyvyF*E2Av, 87V — 20RO BRCHE 22T, RBRECIKENCHYT 3 2ERS
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Table 2. Mechanical properties of materials

, Yield Yield Yield Yield

Young’s . .
. stress strain stress strain

Section modulus

(t/cm?) tens. tens. comp. comp.

(t/cm?) (%) (t/cm?) (%)
$60.5%2.3 2283.0 3.812 0.167 3.603 0.158
$60.5X2.3 galvanized | 2285.0 4.127 0.181 4.285 0.188
$27.2%2.3 2035.1 4.017 0.197 3.043 0.150
$27.2 2.3 galvanized | 2234.8 4.477 0.200 3.572 0.160
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Fig. 6. Tention test speciemen of bolted Fig. 7. Monotonic load-displacement
connection relation of bolted connection
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Fig. 8. Load-displacement diagrams
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Fig. 10. Load-displacement diagrams
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Fig. 12. Load-displacement diagrams
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Fig. 11. Load-displacement diagrams
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Fig. 14. Load-displacement diagrams Fig. 15. Load-displacement diagrams
(SPEC. BBC4A45) (SPEC. BBC2A45)
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BHHEZ D BRI ST 1249 t 12 L 2. 7 OEMTIIZIRESEVIREBIZ R 3, RO ARFH OIS
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VD O T2V ORM HEEHIR 2 1T 22 oo ZOBMIIZEIC 02t BE ER Ll ROV —FDIESRA
BARICOMIIR B TE SR T/ ANVERAFEMBERL, ZTOEBICHELWERMCESIN TV IHE
B ARUD OF/S2 N OfMoSHEEIRG T 252107288, WMHRER06tBE LR LR I9.79t &
L7ze BBEDN— 7 TRIES FBRRIC B\ T 85%BE DM 2 #ERs LU 7248, AFAERECSWTR
BUMHBLERLED, BELV—TERD 822t ITEL T,
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AEHEDOBHHE S % ORFO L TE A NEOBEEM TR 2l TEEROKEREERL, EEH
H4: 7 5 TORAIHIERE TORARBREOKTRINE 2 ERE R S5HHE L 2fE% Table 3 X3 ¥, &%
VOEBMDERRN N D\YBRETZLFOMETH Y, RV DWY Lo THIHET U 2RO % ()
WICRT, M, KETEN L ZI2B0MICHiHRcHRE L 11 TRL 1,

4, & £

4.1 BIRBREDHE

(1) BHOEE, MALOENIC L 5 HE

TR, FREMCEN MR 2o RS L 830, 2R 0. AD8NS B IN R 1S OFIENEE OB
BEROWTERT 3,

(@ B4, RS, 0 HAE LS CE#ILE 0, 0.2, 0,40 3B KA IZBEDOHE

L 0 OFE (BBCOAO) D/KFH R E & & sk FEHAZEMOB&K % Fig. 16 i<~ L, Fig. 12
(BBC4A( : #i7E0.4), Fig.13 (BBC2AO0 : #/7160.2), Fig.16 (BBCOAO : $/7kb0) # L 3 % L&k
HEMmz EBERE 22 T WERE L D THRIELE . ZhBFIcE2MMmLi-lLic
o TERMBPERL XS T 5028MB3WET 270, R cEhsmb Y, KEHRBAERN &4 D
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Table 3. Summary of test specimens

Lower Panel Upper Panel

Specimen

(@ (b) (a) (b)
AMW4AQ 6.08 —_— 6.73 —
AWC4A0 11.65 — 5.67 —
ABMOAO 12.69 7.95 7.50 6.24
ABCOAO 11.19 6.39 5.94 5.18
BBMOAO 9.31 7.10 7.50 6.24
BBCO0AO 14.65 9.31 9.67 7.50
CBCOAD 12.15 8.72 9.99 7.50
BBM0A45 14.55 10.33 8.05 5.54
BBC0A45 13.04 8.04 7.17 6.65
CBMOA45 13.23 9.56 9.68 5.98
BCB0A45 14.23 9.65 9.03 7.83
AWM4AD 18.52 — 8.27 —
AWC4AQ 16.32 —_ 8.20 -—
ABM4AQ 21.37 7.09 8.08 4.49
ACB4A0 13.14 9.57 4.91 4.04
BBM4AO0 18.52 8.88 8.67 5.59
BBC4A90 23.79 10.35 6.95 5.91
BBM2A0 18.52 11.26 10.08 6.66
BBC2A0 15.11 8.67 5.91 3.90
BBM4Ad45 19.38 10.64 7.24 6.15
BBC4A45 21.37 10.35 6.53 4.82
BBM2A45 19.38 10.94 10.35 7.24
BBC2A45 17.73 9.33 9.57 5.48

RV M EESHTEINBELCTCLESI DT, AFHZ IV EHAOHMANRET 2L TEL OB/ HE LY
WD TH D, (6> THII0.201F 5 H8HE0. 4L Y AT/ MEOEECHIMETL T2, BAT
AEDBT, MAROBE LD, WHH0.40BE1320% (35t) BE, #HH0.20881210% (1.8t) &
BETLTWwS, BRBOEECOWT, BHEYOBSRES S bAMCETHMETLTEY, =20
¥ —HEEEN XM EDBR IV o T 3,

() BFA 7, R NS, 45 HHEEE LB CEALE 0, 0.2, 0.40 338D 22 B8 OB

Fig. 17 (BBC0A45 : #/7}t0), Fig.15 (BBC2A45 : #fi/7560.2), Fig.14 (BBC4A45: EifH0.4) %
&L,

ZDOBEREDFE L ARCEN 2L To»RBE (0A) BHEOEVERECRIEMEY, Ly
L, BAMAzBELCTR@ERE->TBY, @HH0. 4DHE T 40% (4.51) BBE, 770, 208847 20%
QINBEETLTVS, &7, BHEAMLBES0OHBEABOKMNE LT, BRLV—FOHENIZEA

—_ 9 —
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SPEC BBCBRA SPEC BBCOGA4S

LORD (TON)
LOAD (TON)

-18 18 1S =15 -18 -5 a S 19 1S
DISPLACEMENT (CM) DISPLACEMENT (CM)
Fig. 16. Load-displacement diagrams Fig. 17. Load-displacement diagrams
(SPEC. BBCOAD) (SPEC. BBC0A45)
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Fig. 8 & Fig. 10 23 5 £ 6t £ TRANV M S (ABM4A0) DES RV OB BRSAT, &
BES (AWM4AD) ERIEEIZIZIZ—RLTW5, 6t ZBE2 LR OWY HHEN, ABM4AO DREIMIX
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Fig. 18. Envelopes of load-displacement
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Fig. 19. Load-strain curve (SPEC. Fig. 20. Bending moment diagrams of
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Fig. 21. M-N Interaction relation Chord Fig. 22. M-N Interaction relation Chord
(Type A) (Type A galvanized)
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Fig. 23. M-N Interaction relation Brace Fig. 24. M-N Interaction relation Brace
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Fig. 25. M-N Interaction relation Chord
(Type A galvanized)

Fig. 26. M-N Interaction relation Brace
(Type A galvanized)
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Fig. 29. M-N Interaction relation Chord Fig. 30. M-N Interaction relation Brace
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Fig. 31. Load-strain diagrams (bolted Fig. 32. Load-strain diagrams (Chord)
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