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b. Element Model for Analysis

Figure 10-4. Basic Shallow Foundation Model
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Retrofitted frame Crack pattern and failure mechanism V-R relationship
N =0.2bDg; N M
Conventional - F(kN) 0.8 Vi +
AngcLion, ‘. . X
s Shear e (F)= R
V= failure | 400 [Vmex ()
gl © T +544.0 kN
b Flexural
& 1000 plasiic | 2®[  Rewofited—7
hi
g J- inge .
= Failure_mechanism: Firstly, flexural plastic hinges
w ” - —_— v 2
£ “'“F;;g'fiﬂ@%ﬂ';):‘i"ﬁ““ formed in the RC columns, and the sicel braces | a0 N
2 = = buckled in compression and yielded in tension. Then, Vinax ()=
7 fo—— 1500 ——={ sudden degradation occurred in the IR relationship | .. |-5$2.5kN
_ due to shear punching failure happened at the top of e 3 N )
q,=22.6 MPa, for the RC frame the lefi-hand RC column and at the top 0.8 Fma-) -0 R (%) = d(cm)
a= 333 MPa, for the steel braced frame and shear failure happened at the top of the right-hand S 4321001 2 3 4 8§
RC column.
N =0.2bDg, N R . 600~
Conventional t N D"I.:‘?I:“"*&‘f‘“ N V(kN) £ ,08¥max+
-V 4007 | Fimax (+)=
2 T Shear | +570.7 kN y
g@ 1000 failure Retrofitted
E 1 a
=
E Sizes of the steel frame and braces: 200 Non-retrofitted
2 BH-75x75x4.5x4.5 Eailure mechanism; Sharp d occurred in the
7 1500 V=R relationship due to shear punching failure happen
N . at the top of the lefi-hand RC column and at the wp il |
= 19.7 MPa, for the RC lrame connection, and shear failure happened at the top of the R (%) = &(em)
=354 MPa, for the steel braced frame|  right-hand RC column.
¥ -1 01 2 3 45
High-strength grout, 135 : Notes: A*=klir, where k: effective length factor
- a=48Tand 437 T  Anch ';h:;:&;r‘:ch;n (for this case, k=1) , I: length of steel braces (sec
£ D=175 100 for s ng;ir : the specimens), = gyration of the steel brace
Z + 1 . 45 Swd (D13) section about its weak axis.
b3 ROBB-F60 and _ . (= e ; :
g IR ROSB-F75 5 ”‘S’"SIW"EE‘_,_ . Longitudinal and shear reinfi in the RC
2|3 out = columns are 8-DI0 (P=1.85%) and 3. T¢-a 105
s |= Steel column Stud Spiral (.=0.12%), respecuvely.
2 Stod (D13) s r (D13) 3 I’i 176) 2z Longitudinal and shear reinforcements in the RC
B | Anchor imlhoo‘ = Spiral b 9 ~  beam are 4-DI3 (P=163%) and D6-@120
& (3) pl[}l]] P Steel beam p;l;n"srlmp ‘?m'ﬂr t Siub (P, =0.43%), respectively.
: : - In the 1=K relationship, 115 the lateml resstance
Column conneetion Beam connection Bottom connection  ang g denotes the drift angle of the first story.
Fig. 1 An overview of the conventional connection method [unit: N, mm).
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b) Junior High School Building (Designed by Students)
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¢)University Building (with Exterior Panels) d)Elementary School Building (with Balconies)
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Photo.2 Example of Upgraded Buzldmg

External Energy Dissipation

Steel pipe brace:@ 190.7X t 19

L

Connection: secured in place with
four prestressing bars ( 23 mm dia.)

i
- =" —— p—

Connection with foundation: connected indirectly by post-construction anchors




Photo. 5 Application to an apartment building
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SNE-Truss

Existing R/C
-Buildings

2

Fig.1 SNE-Truss composed of aluminum alloy
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Column

o

Connecting beam

Veranda 4 Brace

Joint pin

High-strength rods Anchorage device

Figure 1 Outline of strengthening method
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Existing column
Auxiliary—

Precast brace™

Friction joint

Fig.1 Model of seismic upgrading by PCa brace
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Infill shear trusses

University of California dormitory,

Berkeley
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The earthquake-resistant retrofit was conducted at the same time as the layout change and equipment
renewal when the construction of the adjacent annex was complete. The building was retrofitted in
incremental steps of one-third the height at a time while it was in use, with consideration given to the
environment (safety, vibration and noise control).

8-15F
4 .

Brace (3) Brace (2)
1-11F

60250 m
|

Figure 1 Before the retroﬁr

R R ol e ® e
[l jem— - j Pl il -
e IR ISl IS
mcecy 1 L i
I E He L i
L | | | il _ 120m 120m 120m
Y - ¥ 120m y . o am : AN l @‘r 2o
e — AT { N (A @D @ @
O @ 0 @® 6 " ) Y direction
Figure 3 Floor plan Figure 4 Framing elevation




External bracing @

External bracing of an existing
reinforced concrete parking

garage (Berkeley)
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Port Authority
Bus Terminal
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Outer Steel Truss
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Infilled Truss
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Outer Truss
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Exterior Frame Rehabilitation
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< Retrofitting Construction Works>
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Steel Brace

D19@150
bonded anchor

D19@150

H- 200X200><8><12

|

2— 1645@ 150
BH—200 X200x12X16

H—200X|100X5.5><8

164@150

ig headed stud

2330

= bg
mortal grouted with pressure
S S -
, 608060
elevation detail of connection
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GUSSET PL, THICKNESS T, TYP.
REINFORCING COVER PL, TYP.
HSS BRACE, TYP.

Steel brac ) -T(E)CDL'

STIFFENER
PL, TYP.

|
(E) CONTINUITY ’
PL, VERIFY,
TYP. |

PROVIDE GAP IN CONCRETE
FOR PLATE AND FILL W/
COMPRESSIBLE MATERIAL
OR PROVIDE "3T" OFFSET
FROM TOP OF CONCRETE

|: = : : 1
W.P. P
= - — - —— " CL (E) BM
i \ |
/ STIFFENER PL
(E) MOMENT———|
CONNECTION, q 3 SIDES
VERIFY 1 TYP. AT PL
>~ TYP.
|
Note:

AISC recommends 2T to allow for restraint-free plastic rotations.
3T is shown here to accomodate overcutting of HSS slots.
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Existing SRC column

Steel damper

Rocking Wall

Steel strand

| * * * * *|* A'Ia
e

<—

(b) Elevation 130




Seismic Retrofitting Devices

Damping calling system
Bi D Frams Construction Method

Earthquake load

|:;> / Existing Building \ Earthquake load

[ |

A —
Bending moment Floor slab / A

u — I‘ Shear force Axial force >Bencljng moment
/-\ Tension (f l_ o
—. -

Shear transfer
; :l block D {
ree

Shear force Shear resistance of Shear resistance of
PCaPC frame PCaPC frame

PCaPC Frame

Compressio

._:!{-_

Fig.2 Shear Transfer Mechanisms (plane view)




Inertial load from roof Inertial load from roof

Diagonal
tension

Ground acceleration Ground acceleration

Figure 0.32 Formation of diagonal cracks in a masonry wall due to earthquake

Figure 0.33 | xtensive diagonal cracks in masonry walls (Ret www nicee arg)
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Jacketing of Columns

Steel

FRP (Fiber Reinforced Plastic)
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Structural Slit

Structural slit makes clear height of
column and increase its ductility.

Structural slit

Bl [ Hanging wall " —
. / i Shear Failure on Short
Beam Column (2004 Niigata-
I ken Chuetsu EG)

£ P ’I

[ e
Spandrel wall [

Structural slit
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School
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Increasing Strength by Adding a
Structural Wall
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Spiral hoop reinforcement against
splitting failure

post—installed
anchor

K reinforcement for

M. . splitting prevention

LN . (spiral hoop)

\ connection bar
P i
added wall I
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Construction methods for
addiny .

N —

L

T ml i
(b) adding wall for incfeasing

thickness

Ju 3 Ju U

thickness increasing after
infilling of opening

(c) infilling opening

Ju I :LJ::, H H .::IJZ
o
UE

i ] — 15

(d) adding wing wall

o - o 1

ﬁ
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Foundation Failure
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Falling of ceiling at story levels Movement of copy machine at
28, 21, 14, etc. story level 25

Falling of books at sl level 25 Elevator cable damage
(other building)
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Seismic Isolation Structures

Seismic isolation structure

Conventional structure

www.shutterstock.com - 451548217
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Retrofit by Isolated Bearing (1)
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Retrofit by Isolated Bearing (2)

Retrofit by Isolated Bearing (3)




Retrofit by Isolated Bearing (4)

Retrofit by Isolated Bearing (5)




Seismic Retrofitting
by Seismic Base Isolation System

Base Isolation
Device
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Isolated Structure Devices

Isminated rubber bearing
/ corresponding to shake of
horizontal direction

\

&ir spring
corresponded to the shake of
the vertical direction
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