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STUDY ON THE SEISMIC RETROFIT OF ANGLE BRACE JOINT
USING KNEE MEMBERS
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Shoichi KISHIKI, Keiichi SATSUKAWA and Satoshi YAMADA

Seismic retrofit method with the knee members for preventing the joint fracture of the angle brace was proposed. A series of loading
test and analysis have been carried out to investigate validity of this method. The joint fracture prevention was confirmed by
installing the knee members. The load sharing ratio could be expressed by the proposed model. Consideration is needed by the load
sharing ratio changed by holding angle of the knee members, the installed height of the knee members, stiffness of the knee members

and holding angle of a brace to make this method reach the reinforcement target.
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Ko =16tcBc; E/ (Pcjcos* d) .« - - (25)

On¢: FhiER LG - FEMIOITRL & B -FEO AT 4 [
4. 2. AHEBOR - HORIE
P FEIZ OV TR Fig. 12 O L Y, Fig.13 O, Fig.14 iR H
OFHETY, T AR ZBE L, Ker B L O Kepld TR TR L. 225,
AT TIE, BOEES BT = AL OEHE S, O & I0x
BT AADPLORHEI LER L.
K= UK s 11K b 1K) - - - (206)
Ker=1/(UKem+ VKep+ 1UKers) <27
Km Ker . %2 - FEOHRE U Y RO 5 RLVE 5 [6) & i
Kam, Ko . %%« FEO o EIE: 0 5 bk VR F i () & i
Ksr, Kers . 32 #E0NE B o sl - g TR
7 RV F 7 1) 1 e fiE
FE - ZOBRU Y 3 HBEAE - BOROLITEVEL, Kgm BELO
Keom X FRTE L2228, EZR TR CT #Z2 AVW=0 T Fig.12
(O) DK RSy 2 B TR U 0 303 & OV O BB e, 2 B L 72,
Kp.r =GJpls/(¢*pasbs cosn) - - (28
Kem =GJclc/(E cache cosd) - - - (29
Jp, Jo : BIEDIRL 0 EHK
G S O AT AR R
EBRTIE Fig. 13 1R T X 5 IC—MEE - iy —5—ng
DT E LD K BED Kenld FRTR L.
Kp.m=12EL:P5/{ a*sb*5(4az+3bg)cos ) - - (30
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L : BOWHE 2 KE—A 2 b
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Fig.12 Definition of Kz
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Ic: OB 2 IRE— A 2 b
TREOMIMEFEMI EEORBECIIAETHS. L L, ERTIX
Fig. 14 (2R3 & 912k - RO A & 0 1EE LM OO,
BEHEHOMTNE L KRB Kepld FTRATERLE. ok,
Igy I (XX S 7 L— B b OB EHEMOREHE TH 0 lltk % i 5
WCHHT 2708 - BERSHOEMARFIIE o BE L L.
K= 21*c0520/{ cos’ pb*s(as+2lp) (Ip/A2E+ Pys/3EL)} -+ (32)
Kem=2csin?@/{ cos® ¢b* (ac+21¢) (Ical A2E+ P s/ 3EL)} -+ -(33)
Ay VR B ILFEER o Wit B

L 6B HEHOKH 2 KE—A 2 b
Table4  Calculation result of stiffness of each part
(K y
angle Kap [KN/mm] | Kpa [kN/mm] | Kear [kKN/mm] | K [KN/mm]
15° 149 185
30° 183 157 215 62
45° 153 232
MK,
angle K. [KN/mm] K7 [KN/mm] K. [kN/mm] Kp.s [kN/mm]
152 474 305
30° 181 41 575 118
45° 4 487
(c-DKpy
angle K4 1 [kN/mm] Kp ri [kKN/mm] Kcri [kN/mm] Kp r1 [kN/mm]
15° 73 286
30° = 47 189 .
450 48 173
(c-2)K 5y
angle K472 [kN/mm] K3 r2 [kKN/mm] Kc r2 [kN/mm] | Kpr [KN/mm]
15° 6.100) 276
30° = 2.370) 152 ==
45° 2230 134]
(c-3)Kr3
angle K473 [kN/mm] K3 r3 [kN/mm] K¢ 3 [kN/mm] Kpr3 [kN/mm]
15° 2.900) 640)
30° = 635 212 —
45° 274 113]
(DK
angle Kour [KN/mm] Kp.r [KN/mm] Kcr [KN/mn] Kpr [KN/mn]
15° 70 115
30° — 43 60 -
45° 40| 45
(K
angle K4 [KN/mm] K [KN/mm] K¢ [KN/mm] Kp [KN/mm]
T 43 66
30° 91 31 43 41
45° 30 35

(b) Ky

Fig.13 Definition of Kx,

Fig.14 Definition of X
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Table5(b),(c) D ETEIZ DUV T, No.3,5 BRIA L B2y FAEW by
PIERNTAE T, x F T cad s A D G ELOBIPED M L 0 &
TeOBAMNTAE T 2% U T, cabrycarGrse DIBRID TN SN 80, K EBF D
TR O A E o, B AT AT AE L1ZIF%E LL a=0.=Fur=nt 2 5.

Table5(b),(c)DFE « Z2Af D 5 1k o> fef 43 FH B2 DV T No. 3,5 ik
EEBIZLUTO L DI/ s. HE - RO D x JiiaOwE Sy HE
ca Ny » car Nex VEIZIEZE UL 722 5. 2 VSR E O HATRF O A 5 o=

Experiment | Calculation
Ny/Nyield X
NA,_V/Nw'eI{l —— o
NB,_V/Nrield — A
Ney/Nyield sesssssacs O
(a) Legend
30° |30 45° |[30
N )/ Nyiera N,/ Nua
210 210
2 g
£ £ N, JN;
"g "g OAS‘ Oy'dOd o 0O 0o o o
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Q
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(b) No.3 specimen [BS30] (c) No.5 specimen [BS30/45])
Fig.15 Comparison of the skeleton curve

Table5 Calculation result

(a) Legend (b) No.3 specimen ¢) No.5 specimen
N ZerNyea | 78 || «rNay 117413 + (003 ) = 17410 | [erNZerNyiaa| 278 Ny 119201 +( -0.01 ) = 19290
[kN] [kN] [kN] [kN]
K, N, - K N,
91 cal ¥ Ax 0.10 + 0.00 ) = 0.10 4 91 cal -V Ax 0.07 + 0.00 )= 0.07
[N frinh] [IN] £ ) [kN/mm] [kN] ( )
Ky N, . K N,
31 cal " By 44.70 - =741 Y= 35211 B 31 cal*¥ By 49.53 - -4.62 )= 54.16
[N/mm) [kN] { ) [IN/mm] [IN] ¢ !
K¢ N, d K N,
43 cal ‘Y Bx 25.78 - ( -427 )= 30.05 c 35 cal*Y Bx 28.55 - -2.66 ) = 31.21
[KN/mm] [kN] [KN/mm] [kN] ( )
J, N d S N,
cal Ory 1195 cal*¥ Cy 62.52 + ( -10.33 ) = 5220 cal O 1y 2.16 aalt¥ Cy 37.40 + -6.02 ) = 31.38
[mm] [kN] [m] [kN] 5 !
cal O rx 056 || «@Necx | 3503 +( -593 )= 29.99 cal O r.x 035 || «@Nex | 3720 +( -5.99 )= 3121
[mm] [mm] [kN]
a 0.03 caV a5/ cat N yieia 62.6 a 0.02 calN 4/ cal N yieid 693
[degree] [ %] [degree] [ %]
B 29.97 cal N By/ cat N yieid 18.7 B 2995 it N g st N it 19.5
[degree] [ %] [degree] [%]
¥ 20,88 NV ¢y cat NV yield 18.8 ¥ 44.85 catN ¢y’ cat N yiela 11.3
[degree] [%] [degree] [%]
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Fig.16 Comparison of load sharing ratio in the case of N = Ny
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Fig.18 Analysis model(Real model)

(b) Modeling of column and Girder

Table6 Analysis conditions
(a) Condition of each part

84

Fig19

Analysis result

Member Analysis element K :Axial stiffness [kN/mm] Material property
A | L-75x75x6 Truss K =91 Elastic
B PL Truss Parameter Elastic
(8 PL Truss Parameter Elastic
D | L-75x75x6 Truss Kp=32 Elastic-Plastic
E | Rigid body — Rigid =
(b) Parameter
e Bo 7o K:Axial stiffness[kN/mm] | K cos’B+K ocos’y,
[deg] [deg] Ky Ke K4
Same angle 15 15 40 40 0.82
Different angle 30 15 50 40 0.82
ca¥Dy ! callryicld 1.0 ca¥Dy | catNpyield
o 2 _—
el g Ny calVeyia
elay! e ki
/ 505 /
Sllagae) 3 ) lalaeacy)
g i g /S~ calVEyield
] 2 [/’
00 v v 1 v e
1/200  1/100 0 1/200 1/100
Story drift angle Story drift angle
(a) Legend (b) Br=15°, 3=15° (c) Br=30°, y=15°
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The brace joint fracture was observed in several severe earthquakes which occurred in the past. That's because fracture
prevention of a brace joint wasn't considered by old seismic design code. The important problem to promote seismic
retrofit works of a brace joint in the future is fire-less and compact seismic retrofit method which doesn't use a welding

and gas-cutting.

In this paper, the seismic retrofit method with the knee members for preventing the joint fracture of the angle brace
was proposed. This method joins a brace, a column and a girder using the knee members and high tension bolt.
Therefore it became possible to build this method without using fire at a site of retrofit works. And an obstacle in
retrofit works could be avoided by adjusting the location and holding angle of the knee members. This method aims at

fracture prevention of a brace joint by adding a load transfer routes of the knee members.

A series of loading test and a series of analysis have been carried out to investigate strength improvement effect of this
method. The strength and stiffness evaluation model of each part in this method were proposed. And a relation between
story drift angle of the frame which occurred by the seismic force and the load sharing ratio of the knee members was

investigated analytically.

As a result, the following knowledge was obtained.

[1] The joint fracture prevention before a brace yielding was confirmed by installing the knee members in both sides
of the brace. However, story drift angle of the frame which occurred by the seismic force wasn't considered by this
result.

[2] The load sharing ratio could be expressed by an evaluation model proposed by this paper. However, story drift
angle of the frame which occurred by the seismic force wasn't considered by this result.

[3] Consideration is needed by the load sharing ratio changed by holding angle of the knee members, the installed
height of the knee members, stiffness of the knee members and holding angle of a brace to make this method reach
the reinforcement target. And it's necessary to consider story drift angle of the frame which occurred by the

seismic force.

(20194E 3 A 8 HIsHe=3, 2019 4E 8 A 19 HIRFIULE)
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