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Design and Fabrication
of Low Yield Strength Steel Tube Brace Damper
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Synopsis:

JA Agris is the base facility of the Chita Agriculture Cooperation Union, which widely combines the administration units
of two cities and three towns in Chita Peninsula. In the structural planning of JA Agris, design, in criteria that the safety
for earthquake was a primary, was set to maintain the function of wide agricultural information management facility, con-
sidering the building damages of Hyogo-ken Nanbu Earthquake and the conversion to the performance-based regulations
of the Building Standards Act. For the accomplishment of the design criteria, a steel tube brace damper which was devel-
oped in cooperation with Kawasaki Steel Metal Products & Engineering Corp. was adopted. The damper consists of an
inner tube and an outer tube. The inner tube is a low yield strength steel tube {(called “RF100-S) of which the yield
strength is about 100 N/mm?, and it is an axial force member. The outer tube is a member to prevent buckling of the inner
tube. The damper has a stable hysteretic behavior, and it gives a high damping effect. And, not only the design was
ensured, but also high workability in the construction site was realized by adepting pin joints using a high-strength forged
clevis.
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Photo 1 Qutside view of JA Agris

Stair building
[S, SRC]

High-rise building

n
ma

Low-rise building I 'l_"| o
{SRC, RC] t
EXP.J EXP.]
Lay-out Elevation

Fig. 1 Lay-out and elevation
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Fig. 2 Framing plan and section
BbmEE 51 446.38 m?
28 ] 2947.05m?
5K T 7 13473.09 m?
B WTF IR, b sk, HE2 2
L= GL +37.150m
B GL +451.050m
BEm GL + 48200 m
R OB 4150 mm
AR X GLEHE 42300m (SREMMAGEEE GL)
FiY GL R 44.100m (EEEE Fo T GL)
ISR BEE TRAEEI 2+ (CFT) & +
BN _EHRE 7L X
BEH #HarsY-FE
5 A #44 fliE 7L — 2 B RIVER FLEX100-S
IS BIEBEREERS SN490C
3 —AEH AEHRE STKR490
g HERERAMTILMI SN490B
Htgis M OBFT b3V —- M (F-AF YT
)
THE BRI (RES)
3 st

3.1 HREEIYSAFUT
JA T2 A0KEERANL, BEROBERT S, MHEEEOEE
PothE ot REBEEREEBRE S RBOMEY RSN
LEMORETENLEL, AWKMESHORZIZBU T, ROLI %
MBHRH I TF Y TEHELE,

(1) EBORAFERPINELIESTIRIOBE (L1t
W) IIHLTR, BRE_ERE L - 23R ERBOEHM
DEINTRIER IR, FERHERT AT,

(2) FTHBLEBIAME (L~ 283E) 2HLTHE, BiEi-xd
OEEHFE T LR EEIIREL YT, ARORL L IER
T4, COREBEOHBIIHL TR, Fanutia+3HEn
Lk HORN S 54 7)) TRREL TR DA
# 1T > 7 (Table 1),

IhiBE, MRS EICEREhE 25 {FUT7TH 5, JA
T AGES 10 BitEo@Ry e, BERREmIL 1 X6
HRAMBERC GWhkd, I0L 34577317V 728TETHI L1,
BHESAs a2 DHECH 24, i _EEE 7L - 25



AR RN A B T BT L — A0t E R

13%

Table 1 Criteria design

Bowl bearing

Load case Maximum response
Story drift angle Plastic ratio
. ber's st
Wind load =1/200 All member's stress shail
not exceed Fy
Frame member’s stress shall
Seismic load =1/200 n’ot exceed Fy
(Level 1) Damper’s stress may exceed
Fy
Seismic load (= 1/5112/01;%(: th Story plastic ratio =20 2
(Level 2) = X € Member plastic ratio | =4.0 o
center of gravity) o
02—3— 020 UED oﬁa Q;D 020
Table 2 Specification of RF100-S Fig. 4 Test loading frame
Grade Y. 8. (N/mm?) T. 8. (N/mm?) EL (%)
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% -
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Non welding Fillet weldiny = > {
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_ ) ':1;,_._.T_.._______._._.._.__._A_,.f,‘ = gﬁ]m g_lm
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Clevis/ 1\ "\ End reinforcing pip®, " Quter pipe (mild stee) . *Clevis 200 {  -200
Screwed joint ~ Inner pipe “-Screwed joint —300 300
{low yield stress steel) 20 -10 © 18 20 -20 ~-10 O 10 20

g —————
HTB _)__> “End plate ——Outer pipe (mild steel) Q -HTB
Rigid joint — Inner pipe Rigid joint

(low yield stress steel) End plate

Fig. 3 Double tube type low yield stress steel damper
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Table 3 Maximum acceleration and analysis time

Maximum acceleration
{cm/s%) Analysis time
Wave name Level 1 Level 2 ()

(25kine) (50 kine)
EL Centro 1940 NS 255 510 53.76
Taft 1952 EW 249 498 54.40
Hachinohe 1968 NS 165 330 36.00
Nagoya 306 1963 NS 117 233 14.98
Kobe 1995 NS — 818 (actual) 146.80
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Fig. 7 Hysteresis characteristics
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Fig. 8 Comparison of story drift angle with and without damper
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Table 4 Damping constant for the low yield strength steel

damper
Cycle 1F 2F 3F
+1 0.0 0.0 0.0
-1 0.0 1.7 2.9
+2 7.4 7.2 0.0
-2 21.2 25.8 01
+3 23.8 259 21.0
-3 25.1 249 26.2
+4 24.4 24.8 23.1
—4 26.0 24.8 264
+5 24 4 249 24.8
-5 8.5 23.6 25.6
+6 0.2 0.0 25.0
-6 0.0 0.0 24.4
+7 0.0 0.0 1.8
-7 0.1 0.0 0.2
+8 39 0.0 24
-8 0.0 4.0 05

Table 5 Recommendation for quality criteria and inspection stan-
dards of steel structures
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Fig. 11 Flowchart of fabrication
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