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Development of NS Tension System for Space Frame
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Abstract

Tension string structures using cable or high-strength rods are now becoming very popular for spatial
structures such as sports gymnasium, convention center, entrance hall, and so on. These structuresare
one of themost rational structural systems, which use steel membersunder puretension forces, without
buckling. They are lightweight, high-strength/stiffness, and realizing elegant appearances. However,
because of using special types of steel materials, individual approval isrequired for the practical con-
struction, which obstructs the designers from adoption to building design. Since1990, Nippon Steel /
Building Construction Div. has been endeavoring on the systematization of “ Tension Roof System” and
“Tension Grazing System”, developing the market by authorizing the general approvalsfor building
use. Inthispaper, partsof general technical information of this system are reported.
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Tension structure no.1 (roof system)
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Tension structure no.2 (glazing system)
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Parts of NS tension system
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Mechanical properties of tension member

) Yield point or yield| Tensile strength|  Elongation Minimum diameter | Maximum diameter
Tension member Standard | Grade | (o oth (N/mm?) | (N/mm?) (%) in blackets = P_(kN)| in blackets = P_(kN)
Authorized | 690N/mm?
Tie rod 440 min.*! 690-810 20 min. 25mmg {215} 90mm¢ {2799}
products grade steel
PC bar JIS G 3109 |Grade B No.1 930 min.*! 1080 min. 5 min. 13mmg {85} 40mmg {814}
Spiral strand JSS 11 04 ST1470 1 080 min.*? 1470-1720 3min. (4min.)** | 14mmg (1 X 19) {72} 45mmg¢ (1 X61) {734}
Strand rope JSST103 ST1470 1 080 min.*? 1470-1720 3min. (4min.)** | 14mmg (7X7) {56} |33.5mm¢ (7X7) {325}
Locked cable
Z-wires DIN 779 — — 1570-1830 —
Diameter of wire 2.0mm¢ min,| DIN 2078 — — 1570-1830%*! — 26(VVS-2){290} | 77(VVS-3){2650)

*1 Yield point or the stress giving permanent elongation of 0.2%.

*3 When diameter of round wire is > 2.8mm, the elongation is value in blackets.

*+ Maximum tensile strength of round wire is defined, when the diameter is

#oB o BB # 43829 (2005)

*2 The stress giving total elongation of 0.7%.

= 0.2mm but < 0.5mm, 1 960kN, = 0.5mm but < 1.0mm, 1 920kN,
= 1.0mm but < 1.5mm, 1 900kN, = 1.5mm but < 2.0mm, 1 860kN.
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Mechanical properties of connection parts

. Yield point or the stress giving Tensile strength | Elongation
Connection Parts Standard Symbol of grade parmanent elongation of 0.2% (N/mm?) (N/mm?) %)
. JISG4105 | SCM 440, SCM 430 750 min. 850 min. 15 min.
Pin JISG 4052 | SCM 440H, SCM 430H 750 min. 850 min. 15 min.
o . JISG4105 | SCM 440, SCM 430 500 min. 700 min. 15 min
Pin joint for bars | Pinblock 114 055 | SCM 440H, SCM 430H 500 min. 700 min. 15 min.
JISG4105 | SCM 440, SCM 430 750 min. 850 min. 15 min.
Coupler JISG 4052 | SCM 440H, SCM 430H 750 min. 850 min. 15 min.
JISG4105 | SCM 440, SCM 430 750 min. 850 min. 15 min.
Spherical nut - - -
JISG 4052 | SCM 440H, SCM 430H 750 min. 850 min. 15 min.
JISG4105 | SCM 440, SCM 430 500 min. 700 min. 15 min.
N Socket JISG 4052 | SCM 440H, SCM 430H 500 min. 700 min. 15 min.
Socket joint . JISG 4105 | SCM 440, SCM 430 500 min. 700 min. 15 min.
Adjuster 154052 | SCM 440H, SCM 430H 500 min. 700 min. 15 min.
12.9 (M20 max.) (Depending on standard) (Fllow the left) | (Fllow the left)
Bolt JIS B 1051 : :
10.9 (M22 min.) (Depending on standard) (Fllow the left) | (Fllow the left)
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List of constractional case

Photo o Application place . . Construction Completion|
Name of building of Main use Design company Remarks
No. tension structure company year
| Gymnasium of Kure City Roof G . |YASUI ARCHITECTS & KAJIMA corporation 002 Tie rod 2-42mm¢
“Oak arena” 00 YMNASIUM | o\ GINEERS, INC. V. pin joiunt
Sasebo saikai TAISEI corporation Stainless wire 19mmg
2 Wall Museum |FURUICHI & ASSOCIATES 1993 L
pearl sea center J.V. pin joint
PC bar 32mm¢
7 |I'K building (atrium) Roof Office  |NIKKEN SEKKEI OBAYASHI corporation 1991 .
socket joint
SHINSEI BANK PC bar 13mm¢
8 Wall, roof Office  |NIKKEN SEKKEI TAKENAKA corporation| 1992 . ..
(entrance hall) buried type joint
AXS SATOW INC., Prof. KAJIMA corporation .
Ogasayama sports park . . . o Tie rod 75Smmg¢
9 . . Roof of seat Stadium  |Masao Saitho, Structual Design |J.V. (No.1 building 2001 K K .
ECOPA . . with damping device
PLUS ONE joint venture (J.V.) |construction area)
. PC bar 13mm¢, 32mm¢
Suzukake hall of Tokyo . . . KONOIKE construction A
10 . Roof Hall Educational Facilities Institute 2002 |both with pin joint and
Institute of Technology J.V.

socket joint
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Constractional case (entrance hall)
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Constractional case (stadium)
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Constractional case (hall of university)

OB 8k B O B3

(2005)



