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The design considerations of steel braced frame for seismic retrofit

through increasing the lateral strength of existing RC buildings
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/] ABSTRACT /

This paper deals with steel braced frame as increasing the lateral strength and ductility in order to seismic retrofit of existing buildings and
discusses the designing criteria and calculation method of retrofitted buildings. The addition of steel braced frame can be effective for
increasing the lateral strength and ductility of existing buildings. However, There is a problem in utilizing this method. It is the approach to
provide an adequate connection between the existing RC frame and the installed steel braced frame, because global strength by failure
mode(three type) depends on detail of connection and strength of existing RC frame. So, the designer must be confirmed if it satisfies the
required performance or not. Failure mode of type | is the most appropriate for increasing the lateral strength and ductility. Seismic
performance evaluation and strength calculation of seismic retrofit are performed by guideline by KISTEC(Korea Infrastructure Safety &
Technology)'s “seismic performance evaluation and rehabilitation of existing buildings” and Japan Building Disaster Prevention
Association. Buildings are modeled and non-linear pushover analysis are performed using MIDAS program.
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Table 1. Steel braced frame's shear resistance mechanism
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resistance type existing RC frame steel braced frame joint
Type | ) - Braced frame retrofit : braced frame yield or buckle
- . - Flexural failure(beam or column) . . . None
Strength - ductility resistance . - panel retrofit : shear yielding of panel or flexural yielding .
. - Shear failure(beam or column) failure
(Steel braced or panel failure) of flange
- Tension column's punching shear failure and
Type Il ) , ; . ) Shear
. . . compression column's shear failure - none yielding and buckling .
Strength resistance(Joint failure) \ : . failure
- Beam's punching shear failure
*Type llI . , . _— .
. . - Tension column's flexural failure - none yielding and buckling None
ductility resistance(Shear strength at . \ . . .
) ) - compression column's compression failure failure
faliure of the entire)
Type IV . ) . None
yp . - Brittle fracture of column - Braced frame retrofit : braced frame yield or buckle )
Strength resistance failure

Flexural or Shear failure
(Tension Column)

—> Punching Shear
(Tension Column)

Flexural or Shear failure
(Compression Column)

Q—>

)L o {—>Jomt Failure

—————————— |

|

Flexural or Shear failure <—

L Joint Failure

(Compression Column)

(a) Type |
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—> Tension Yield Failure
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Fig. 4. Collapse types of steel braced joint
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Fig. 6. Shear strength at faliure of the entire
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Table 2. Shear strength calculation of steel braced frame considering the joint and existing frames(A), (kN)

Decision o Qs @y Resistance
(Number. sQu Squl Qj ch s qu? w Qmu Failure type t e
|nterva|) Qmu qu Qn u qu Qmu Q.s‘u yp
BF 261 205 340 295 - - - 340 295 - - - -
(None retrofit)

Type1 Type | Strength,
(Anchor : 30, | 2210 379 268 493 369 2847 | 1899 829 493 369 3097 | 3305 | braced frame Flexural
D19@200) buckling resistance

Type2
(Anchor:20,| 2210 | 379 | 268 | 493 | 369 | 2847 | 1266 | 829 | 493 | 369 | 2464 | 2562 b;i’?{:l!re resiirst”agr’]t:e
D19@300) !

Type3 Type lll Strength,
(Anchor : 20, | 2210 379 268 493 369 2847 1266 829 493 369 2464 2229 |up lift of tension| Flexural
D19@300) column resistance

Brace : H-200x200%8x12
Table 3. Shear strength calculation of steel braced frame considering the joint and existing frames(B), (kN)
Decision o Qo Qo Resistance
(Number ’ sQu stul Q}' [)Qr stu2 w Qmu Failure type t e
|nterva|) Qmu qu Qmu qu Qmu qu yp
BF 141 140 202 142 - - - 202 142 - - - -
(None retrofit)

Type1 Type | Strength,
(Anchor: 20 | 1048 274 183 336 201 1432 1170 370 336 201 1741 1904 | braced frame Flexural
, D19@200) buckling resistance

Type2
(Anchor:14 | 1048 | 274 | 183 | 336 | 201 | 1432 | 758 | 370 | 336 | 201 | 1329 | 1412 .Oiﬁty‘f):nﬂre rsst:t';it:e
, D19@300) J

Type3 Type Il Strength,
(Anchor: 14 | 1048 274 183 336 201 1432 758 370 336 201 1329 1287 up lift of Flexural
, D19@300) tension column | resistance

Brace : H-150x150x7x10
s Qo1 =@, T 0Oy T @, s@oun = Qj+ch+ Qo

s @, : Shear strength of steel braced frame (brace or panel)

, @, Steel braced frame's shear strength

@;: In the end beam the shear strength of retrofit joints (Stud or after placement the anchor)
@, Tension column's shear strength, ¢).,: Compression column's shear strength, »().: The top of the column punching shear strength

Afd 054/f .1
Q.o =k Iy o + il 0.84 ,
ot M/ (Vd) 0.5/f, A4, g
» @, : Shear strength at failure of the entire
: ‘ PY
®
Type | Type Il Type Il

Fig. 14. Location of Plastic hinge
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Table 4. Plastic Retrofitting Column of strength calculation for Second-level detailed evaluation(A), (kN,m)

o ) Plastic hinge model in executive Plastic hinge model in executive pushover
Decision Failure Type Behavior of pushover analysis(shear failure) analysis(flexural failure)
(number , interval) members
Q, M, P,
Type1 : L
Braced frame | Strain domination
(Anchor : 30EA, . P,=FxA P,.=F,xA
buckling model v g
D19@200)
Type2 Load domination | @, = lQ +,Q. | @ = lQ'+ Q
(Anchor : 20EA, Joint failure del yhmod ™ 9 T pte | Ryzmod T g Wy T Keu -
D19@300) mode = 1462 = 1002
Type3 . ' . o , _1 )
(Anchor : 20EA, Up lift c|>f tension | Strain dogulnatlon i My noa = ij ht My | My s = EQJX h+ M,y
D19@300) column mode = 706 — 703

Table 5. Plastic Retrofitting Column of strength calculation

for Second—level detailed evaluation(B), (kN,m)

Plastic hinge model in executive Plastic hinge model in executive pushover
Decision Failure Type Behavior of pushover analysis(shear failure) analysis
(number , interval) members (flexural failure)
9 M, L,
Typef Braced frame | Strain domination
(Anchor : 30EA, . P,=F,x4 P,=F,xA
buckling model v 9
D19@200)
Type2 Load domination | @ = LQ +.,0Q. | Q = lQ +Q
(Anchor : 20EA, Joint failure model vlmod = o Wi pe | Wynmad T T R -
D19@300) =749 =580
Type3 ) ) ) o
(Anchor : 20EA Up lift of tension | Strain domination i My s = Q_7>< Bt My | My g = ij h+ M,y
D19@300) column model 82 2

©,: Shear yield strength of the existing frames
@y1.moqt Modified shear yield strength of the existing tension column, @, ,.4: Modified shear yield strength of the existing compression column

MM Flexural yield strength of the existing frames, 7,
: Compression strength of the brace to be established, 17

n(

M

y2,m od-

21] #Ago] oA ol F Mol ks S HRlEh REhI R ol S H

Fsl7] flsto] Halo| 27 uiA| =) AL 7]& o] Table 4, 52} o] 717

> ++ Tension strength of the brace to be established
Modified flexural yield strength of the existing tension column

yl, mod-

Modified flexural yield strength of the existing compression column

Table 6. Decision on performance level

performance L
TR ARSE] 2 AR 8 A4S A EAS Hofslt), level Indication standard
Type 11¢] Z-9—+=Table 2, 33} Zo] Q. (B4 A 3]A0f 2Jgh Immediate The member of performance level Immediate
N N . . occupancy level | Occupancy structural performance level of vertical load
rmyog A o 2 94 E]9) T_IZ]E] N
) AL A = A Fig. 14242 (10) distribution ratio are more than 80%

o] 712114 715 sl vk AgR1X| o) Wgo) oV of - B
o] A E3 2 HS|51R]| FelE R o] 2 ul

§517] Slste] ol 7k

Life safety Level

The member of performance level Immediate
Occupancy, Life Safety structural performance level of

HJR|E] 1 7] HAo] Table 4, 59} 20| -4 15157 2R (LS) vertical load distribution ratio are more than 80%
= hl
40 Hols Ao e 515120 Hrkslo] ols Collapse The member of performance level Inmediate
g2 Hofaitt. Type II, 119] 73-9-= Type ITHS 2J3l5-5 ZH31| 15t reveﬁﬂion level Occupancy, Life Safety, Collapse Prevention structural
o] Type & 7|20 & 715:9] 37048 271X 7tk 2 Typed ohu] &g <] ?CP) performance level of vertical load distribution ratio are
Eo] wiolEl B 712 R A5 RAS TRl 7]Ef B w more than 80%
The member of performance level Collapse structural
i = [e) S|
o vt e} 518715 S Al R 2 (2] o mEtt E:Colllfpse level performance level of vertical load distribution ratio are
unsatisfied the level of Collapse Prevention
3.4 REHY Y MST}
Ao} A% WA A% 52 31FA A F R TEF L T1o] 9 3

FARS Tk olof gick. 2

b e Aok RE S 2]0)

ellAl el T 20T A 7R AR A A1 AT AT
2 A oM $RRA) R BASIE B FA LA & 7]
ehgi131] =

7):0] upgzek 27He] oAl E B 1 A s ] Aapobgo] 75%0 4]
A% A2 B9 WA FA LB oJg B7HE Saysie 7
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Table 7. first-level detailed evaluation result (A)

None retrofit Retrofit

10 LS CP 10 LS CP
1F 0.448 | 0.592 | 0.789 | 0.614 | 0.969 | 1.000
2F 0.565 | 0.633 | 0.856 | 0.743 | 1.000 | 1.000
3F 0.513 | 0.774 | 1.000 | 0.616 | 0.873 | 1.000
0.448 | 0.592 | 0.789 | 0.614 | 0.873 | 1.000

Final

CL LS

Table 8. first-level detailed evaluation result (B)

None retrofit Retrofit

10 LS CP 10 LS CP
1F 0.000 | 0.071 | 0.552 | 0.524 | 1.000 | 1.000
2F 0.821 | 0.821 | 1.000 | 0.310 | 1.000 | 1.000
3F 0.821 | 1.000 | 1.000 | 0.491 | 1.000 | 1.000
0.000 | 0.071 | 0.552 | 0.310 | 1.000 | 1.000

Final

CL LS
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Table 9. Second-level detailed evaluation result (A)

None retrofit Retrofit
Typel Type2 Type3
0.774 (10) 0.710 (10)
1F 0.000(CL) | 0802(0) | yio0is) | 1.000(Ls)
0.951 (10) 0.951 (10)
2F 0.000(CL) | 0802(10) | 4005 (18) | 1.000(LS)
0.895 (10) 0.792 (10)
3F 0.000(CL) | 0.802(10) | "oo0 LS) | 1000 (LS)
Final CL 10 LS LS
Table 10. Second-level detailed evaluation result (B)
. Retrofit
None retrofit Typel Type2 Type3
1F 0.000 (CL) | 0.974(10) | 0.000(CL) | 0.000 (CL)
2F 0.000 (CL) | 0.974(10) | 0.000(CL) | 0.000 (CL)
3F 0.000 (CL) | 0.974(10) | 0.000(CL) | 0.000 (CL)
Final CL 10 CL CL
6.0 TV (107kN)
- A
5.0 Lr
4.0 _N ne retrofit
w ®  performance point{Typel)
3.0 performance pointiType)
®  performance pointiTypes)
1.0 B -
- - I
0.00 0.02 0.04 0.06 (m)
6.0 -V (109kN) o
- — Typel
50 - B —  "Type2
o Typed
A0 — None retrofit
®  performance point(Typel)
3.0 i
2.0 -’__. f':,./.l ............
1.0 "’_"'\I
0. - - - — s
0.00 0.02 0.04 0.06 (m)

Fig. 15. Capacity curve and performance point
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