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The Effect of RC Infill Wall on Earthquake
Resistance Capability of RC Building

Student: Shin-Fang Shiu Advisor: Dr. Fu-Ping Cheng

Department of Civil Engineering
National Chiao-Tung University

ABSTRACT

The goal of this thesis is to investigate the increase of earthquake
resistance capability by adding infill walls into beams and columns using
pushover technique of SAP2000. Four lconcrete-compressive strength of old
building were used to explore ;the“effect of concrete strength to the
strengthing effect. Seven soil spring stiffness were used to investigate
the influence of soil-structure effect. The influence to the foundation

was studied too.

Research results shows that the adding of symmetrical infill wall can
increase the earthquake resistance capability significantly. Non-
symmetrical infill wall may not increase the earthquake resistance
capability. Both cases increase the force on foundation several times.
The adding of infill wall to increase the earthquake resistance capability

has to strengthing the foundation in the same time.

Keyword: earthquake resistance capability, disposition of walls,

concrete strength, soil spring stiffness, the force of foundations.
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2.5.1 FEMA-273 3 % de i Sk T4t 4 [11]

Chapter 6: Concrete
(Systematic Rehabilitation)

Table 6-6 Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures—
Reinforced Concrete Beams
Modeling Parameters? Acceptance Criteria?
Plastic Rotation Angle, radians
Component Type
Residual Primary L Secondary
Plastic Rotation Strength
Angle, radians Ratio Performance Level
Conditions a b c 10 | LS l CP l LS I CP
i. Beams controlled by flexure!
p—p Trans.
P Reinf? | ———
bal b.d JE
0.0 C 3 0.025 0.05 0.2 0.005 0.02 0.025 0.02 0.05
0.0 C 6 0.02 0.04 0.2 0.005 0.01 0.02 0.02 0.04
0.5 c 3 0.02 0.03 0.2 0.005 0.01 0.02 0.02 0.03
0.5 o] 26 0.015 0.02 0.2 0.005 0.005 0.015 0.015 0.02
0.0 NC 3 0.02 0.03 0.2 0.005 0.01 0.02 0.02 0.03
0.0 NC 6 0.01 0.015 0.2 0.0 0.005 0.01 0.01 0.015
0.5 NC 3 0.01 0.015 0.2 0.005 0.01 0.01 0.01 0.015
0.5 NC 6 0.005 0.01 0.2 0.0 0.005 0.005 0.005 0.01
ii. Beams controlled by shear!
Stirrup spacing  d/2 0.0 0.02 0.2 0.0 0.0 0 0.01 0.02
Stirrup spacing > d/2 0.0 0.01 0.2 0.0 0.0 0.0 0.005 | 0.01
iii. Beams controlled by inadequate development or splicing along the sr.narl1
Stirrup spacing  df2 0.0 0.02 0.0 0.0 0.0 0.0 0.01 0.02
Stirrup spacing > d/2 0.0 0.01 0.0 0.0 0.0 0.0 0.005 0.01
iv. Beams mntalled by inadaquata embedrmnt into beam-column joint!
[ 0015 [o0.03 0.2 [oo1 [oo1 [oo015 [o002 0.03
1. When more than one of the conditions i, ii, iii, and iv occurs for a given P use the pprop I value from the table.
2. Under the heading “T Reinforcement,” “C” and “NC” are abbreviations for forming details,

g and y. A
is conforming if, wldlm the flexural p!asuc mglon closed stirrups are spaced at /3, and if, for compuncnts ol'rnndcrau: and }ubh dm.ululy demand, the

strength provided by the stirrups (V) is at least three-fourths of the design shear. Otherwise, the

3. Linear interpolation between values listed in the table is permitted.

All other actions shall be defined as being force- values exceed unity, the following actions preferably
controlled actions. shall be determined using limit analysis principles as
prescribed in Chapter 3: (1) moments, shears, torsions,
Design actions on components shall be determined as and development and splice actions corresponding to
prescribed in Chapter 3. Where the calculated DCR development of component strength in beams and
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Chapter 6: Concrete
(Systematic Rehabilitation)

Table 6-7 Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures—

Reinforced Concrete Columns
Modeling Parameters® Acceptance Criteria®
Plastic Rotation Angle, radians
Component Type
Residual Primary |l Secondary
Plastic Rotation Strength
Angle, radians Ratio Performance Level
Conditions a ‘ b c 10 I Ls ’ CcP LS ] cP
i. Columns controlled by flexure’
P Trans. I 1
i Reinf.2 |
oe b,d f ‘
0.1 [+ 3 0.02 | 0.03 0.2 0.005 0.01 0.02 | 0.015 0.03
0.1 c 6 0015 | 0025 |02 0005 | 0.01 0015 | 0.01 0.025
0.4 C 3 0.015 | 0.025 0.2 0.0 0.005 0.015 | 0.010 0.025
0.4 (¥ 6 0.01 1 0.015 0.2 0.0 0.005 0.01 ! 0.01 0.015
0.1 NC 3 0.01 | 0.015 0.2 0.005 0.005 0.01 | 0.005 0.015
0.1 NC 6 0.005 0.005 - 0.005 0.005 0.005 0.005 0.005
0.4 NC 3 0.005 0.005 - 0.0 0.0 0.005 0.0 0.005
0.4 NC ] 0.0 0.0 - 0.0 0.0 0.0 0.0 0.0
ii. Columns controlied by shear!?
Hoop spaung dr, 0.0 0015 |02 0.0 0.0 00 | 001 |o0.015
or —— 0.1 ‘
A |
gﬂ |
Other cases 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
iii. Columns trolled by inadequate develop t or splicing along the clear height'?
Hoop spacing d/2 0.01 0.02 0.4 1 1 1 0.01 0.02
Hoop spacing > d/2 0.0 0.01 0.2 1 1 1 0.005 0.01
iv. Columns with axial loads exceeding 0.70P,"*
Conforming reinforcementoverthe | 0.015 | 0.025 | 0.02 0.0 0.005 |[0.001 |0.01 0.02
entire length B
All other cases 0.0 [ 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1. When more than onc of the conditions i, i1, iii, and iv oceurs for a given i use the mini i ical value from the table.
2. Under the heading “Transverse Reinforcement,” “C™ and “NC™ are abbreviations for and fi g details, respe y. A
is conforming if, within the flexural plastic hinge region, closed hoops are spaced at  d/3, and if, for components. of:md:rsw and high dlltLlhl}' demand,
the strength provided by the stirrups (¥,) is at least three-fourths of the design shear, Otherwise, the comp is

3. To qualify, hoops must not be lap spliced in the cover concrete, and hoops must have hooks embedded in the core or other details to ensure that hoops
will be adequately anchored following spalling of cover conerete.

4. Linear interpolation between values listed in the table is permitted.
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Higher performance

less loss

'y

Operational Level

Backup utility services
Maintain functions; very little -
damage.

Immediate Occupancy Level
The building receives a “green
tag"(safe 1o occupy) inspection [
rating; any repairs are minor.

Life Safety Level

Structure remains stable and
has significant reserve [—
capacity; hazardous
nonstructural damage 1s
controlled

Collapse Prevention Level
The building remains standing,
but only barely; any other
damage or loss is acceptable.

A\

Lower performance

more loss

B12.5.1 Haenti ks pm (7]

41



=

e =
EJ i >
"'"'“'"""_":.;Tj'j
D E £ o

G orA

F2.5.2  FEMA-273 % 4t 5 sam @ [7]

Lateral Force -V

Immediate Occupancy

Ao Ats Acr

Lateral Displacement - A

B 2.5.3 #eiirLm 7]

Fiy Fn s
Fat Wt
F Wi o
Fu Wer
> ha
Fi Wi
> h
Fi W2
;& & Fr’ W - L
7I77TT7TTA s 11117777

—>—

Bl 261 #R#E42E»spr (2]

42



EAAChik F R ARG E (C)

. S
— ¥R
4 — F R
. - - BDfaif
—~ 5
2
1
0 . i
0 1 2 3 4 5 6
T (sec)
LAEE R T LR ek BF O Gl (PN oredny 2 % 0 1999)[1]

®3.3.2

e 3 HHAT e RC 2 A4 A 47103

43



B 3.3.3 ‘& #HHA A RCE A S A 47 HA

____
*|_? e
T e

=

_.__|_| !II II
E= ey | =
ke

1 A

== -

=—
5]

B 3.3.4 &2 #HMEDRCZASF L 4783

== M—_—_—-

W 3.3.5 £ $fiit s RC 2 A b A 4403



#3.3.6

Tl RCE A 4 7102

Pairt toment/SF Ruotation/SF
0.2 -1
D- 0.2 £
C- -1.25 £
-1 -1
& 1] 0
1 1.
[ 1.25 E.
D 0z E.
0.2 11.
Scaling for Moment and B otation
Positive
v Use'vield Moment  Moment SF

Usze vield Rotation

Rotation SF |5.000E-03

Acceptance Criteria [Plastic Rotation/SF)

- Immediate Dccupancy
Life Safety

Collapze Prevention

Show Acceptance Criteria on Plot

Type

+ Moment - Rotation

Moment - Curvature

Positive
11
35
E.
1 .
B

45

v Summetric

Megative

Megative

Cancel




f Frame Hinge Property Data for BEAMVZ =V

Edit

Paint Force/SF Dizp/5F |

O= == e L L L

v Symmetric

~ Scaling for Force and Dizp
Positive Megative

v Use Yield Farce Force SF | |
v Use‘Yield Disp Disp 5F | |

1

—Acceptance Criteria [Plastic Disp/SF)

Positive Megative
- Irmediate Occupancy |D. |

[ Lite Safety [o [
- Collapze Prevention |D.
|~ Show Acceptance Criteria on Plat

~ Type
{+ Force - Displacement

" Shess - Strain
—_—

Hinge Length

[~ Relative Length Cancel |

Edit

Force/SF Dizp/SF
0.2 -4

Eal Bl el B ) L) (Y (L

v Symmetric

— Sealing for Force and Disp
Positive Megative

v Use Yield Farce Force SF | |
v Use‘Yield Disp Disp SF | |

—&cceptance Criteria [Plastic Disp/SF)
Positive Megative

- Immediate Occupancy |D. |

P Lite safety [0 [
- Collapze Prevention ID. I
|~ Show Acceptance Criteria on Plat

~ Type
* Faorce - Displacement

" Stress - Shain
—

Hinge Length

™ Relative Lenath Cancel |

B3.4.3 Hipez T4 b

46



nrnent Hotation Data for COLPMM
Edit

Select Curve Units

Ayial Force |D. j Angle |0 j Cuvedl | 40 M kaf, cm.C

toment Rotation O ata for S elected Curve

| Foint | b oment viald bMom R aotation/SF
A 0. 0. B
1. 1.
C 1.25 =
i 0.2 =
0.2 7.
Mote: Yield mormert iz defined by interaction suface
3
Copy Curve Data | |
Current Curve - Curve #1 3D Suface
Force #1; Angle #1 Awial Force =0
Acceptance Criteria (Flastic Deformation / 5F) 3D View

- Immediate 0 ccupancy 1.1 Plan Kl = Axial Force |0 j
| Life Safety 3. Elevation |35 L

Hide Backbohe Lines

-
. ,57 — L
,_ Collapze Prevention ArEE ’D— o [” Show dcceptance Criteria
; - [~ Show Thickened Lines

I Show Acceptance Points on 20 Curve o | AR | MR3| MR2| W& iRl Eome B
Moment Ratation Infarmation Angle |z Moment About
S try Conditi i 0d = About Positive b2 Axi

ymmetry or? ition Circular egrees oL os! !ve x!s K

Mumber of Awxial Force Yalues 1 90 degrees = About Positive M3 Axiz
Mumber of Angles 1 180 degrees = About Megative M2 Axis
Total Mumber of Curves 1 270 degrees = About Megative b3 Auiz

ERWEE SCHl R S R

(- nalysis Case Data™-Nonlinear Static

Analyziz Caze Type
Analysis Case Name |PUSHZ< Set Def Name |Static ﬂ
Initial Conditions Analyziz Type
" Zera Initial Conditions - Start from Unstressed State " Linear

(* Continue from State at End of Norlinear Case | PHSH1 hd f+  Morlinear

Impartant Mate:  Loads fram this previous caze are included in the

" Monlinear Staged Construction
current cage

Modal Analysis Caze
All Modal Loads Applied Use Modes from Case |EIGENMODE? -

Loads Applied
Load Type Load Mame Scale Factor

Mode [t

1.
Add
todify
Delete

Other Parameters

Load Application Dizpl Control adify/Show...
Fesults Saved Multiple States todify./S how... Cancel
Marlinear Parameters Uszer Defined Modify/Shaw...

B 3.4.5 £ pldesq7

47



..ﬁnalysis Case Data - Nonlinear Static

— Analyziz Casze Type

Analysis Case Hame IPUSH?Y Set Def Mame | ISlatic ;I

— Initial Conditions — Analpzis Type

" Zero Initial Conditions - Start from Unstressed State " Linear

+  Continue from State at End of Monlinear Case IF'USWI 'l & Monlinear

Impartant Mate:  Loads fram thiz previous caze are included in the

" Nonlinear Staged Construction
current caze

— Modal Analpsis Caze

All Modal Loads Applied Use Modes from Caze IEIGENMDDEE vl

— Loads Applied
Load Type Load Mame Scale Factar

Mode x|z

Modlf_l,l

Delete

- Other Parameters

Load Application I Dizpl Control adify/Show... |
Fesults Saved I Multiple States todify./S how... | Cancel |
Monlinear Parameters I Uszer Defined Madify/S how... |

T r-‘F..f'-\.'-"n-".n’
ql-fa - LE.:,-‘.

&ﬂ%ﬁﬁﬁy@%ﬁ#&

:"

4000000

3000000 ‘/r‘/‘ —— F PR

52000000 —=— MT ?Tﬂﬁ?ﬁ; :

PR ks

1000000 —— B R
— 2 '

O |
0 100 200 300

EEE 1)

B 4.2.1 Bashes it dho a4

48




TOTOeaY 358

Displacement

w103

500, =
450,

400,
350
300
250, =
200

000 030 0&D 0490 1.20 1.50 1.80 210 240 270

150,
100,
a0,

% & 210kgf /cm? )

E;

¥

i e 4 (7

7
~

o A REHAT A 2

b 5

B 4.2.2

LS

B R 2 PR (RED %R 210kgf /em®)

e

o

]

B4.2.3

49



Displacement

w103

720. 3

mOTSE3Y ISeg

-~

-2.00 -1.00 000 1.00 200 200 400 500 E00 700

50D
480, 3
360,
240,
120,
120,73
240, 7
260,

56 & 150 kgf /em? )

E;h—.i

w3 $HEE B R4 G

B Ie

B 4.2.4

2 55 & 150 kgf /em® )

i

Wi (R

A

e

o

]

B4.2.5

50



e
[eX)]
]
j—2
=
—

34

&

=

3000000
2500000
2000000
1500000
1000000
500000
0

[ii

IR R

N

— e

* oo —o

100 200
g ik

300

—~— il
= ST
e S

Bl 4.2.6 BRBE oAt g2 o B 4

L5

C

Bl 4.2.7 FEHE s $EH GRED %A 150kgf /em®)

51




Displacement

@

[
[RSI |
[
i

200

Base Reacton

010 020 030 040 050 060 070 080 0.90 1.00

B4.2.8 By i o fim B daEn+ (Rt 5 210kgf /om® )

Displacement

e

Ll
fom]
=

270

N

]

T

=
'

ra
—
[
.

R

Base Reacton

015 030 045 0OB0 075 090 1.05 1.20 1.35 160
B4.2.9 FlresE e bz m g 4 (RE2 5 A 150kgf /om? )

52



0 O T

LS C

Bl 4.2.11 ‘e 3 B0 HH (D4 Bipa) & pF) 876 3% W)

53




CP

L5

e 4y )

CP

L5

B 4pa, 8 pF ) —%7m 2T+ B

b -

(%

54



e

A jh??l’
ST

AV 66, SN
NOEREATIHA
AT
AORRERIAN
Jd««.&ﬁ»\?ﬁi
XA
MR
v

A (B )

CP

e

0
NE

LS

W 4.2. 14

=
%
B

(B PF)

cP
55

£ A 4

4.2.15

LS

]




[ L gL

2000000
1500000 F N
g e
51000000 | —=— [ T EF R
= 500000 —— [ EPE
O |
0 100 200 300
T i
Bl4.2.16 FesEed Bz 67 > i d#phd
[H“r”d“m[ﬂ ?FFVFEI ]Fg[m p VRS
1000000
800000 A .
2 600000 ,::>“":: VA
= S B
b
= A pfE
200000 i al
O |
0 100 200 300

L B

Bl 4.2.17 FHTHpE e A2 T 2 chh#ph

56




AT PR i R

20000000
L§ 15000000 ‘r///kzté/* Py e
é% 10000000 ST SR
& 5000000 e RN
04—+ s—a>a_n
0 100 200 300
e Y
B 4.2.18 Hegeeid gz g™ SAHSE
[ R R R R
10000000
2 8000000 N
L§ 6000000 | ::>¥n~.<i: —— P hATS
§§ 4000000 | ‘///,,¢__, —— = pl T EPER R
B LIS R
B 2000000 - —— R [ EPERE
0

0 100 200 300

fLeE g

B 4.2.19 HIE e g™ > ol #H S E

57




I T 2R PR

300000 . —— o+ H/fi280
600000 —=— 6240
—— 210

ic (kg

ys_ 400000 |- IS0
i AR
= 200000 ——HPH280
0 —— 7240
0 1020 30 40 | ——pEo10
-+ e i —— 5150

Bl4.3.1 ‘& 2§ B2 ol g

Bhe Displacement
£00. _——

480, -
E yal

360,

240, ‘ 7

120.=

Base Reacton

120,
240,
350,
480,

-3.60 -2.40 -1.20 000 1.20 240 360 480 600 7.20
B4.3.2 23R E 10kl /om’ E% 2 B2 RN+ (REL %A

280 kgf /cm? )

58



RO
RO
A\ LRSS

10 kgf /em® 7=

L
E

BRI

®4.3.3

v SR L T (REDL BA

280kgf /em® .

Digplacement

103

500, =

MOTOE3Y 358

450,

400
350
300,
250
200

150,

100,

025 050 075 1.00 1.25 1580 1.75 200 225 250

é/

50.

i a3 (RED BAR

o EHEA

20 kgf /em® &

P
R

THEPR

W 4.3.4

280 kgf /cm? )

59



i ‘_
o»or/o?..,ﬂ.%%%ﬂ//r

O
X0

WS
/! «.,'Jqp'lwf,,

N

VaVaV
OO

T AT

NI

X

a8

LS

20 kgf /em® &

L
E

BRI

B 4.3.5

v SR L T (REDL BA

280kgf /e .

monsesy Isey

Displacement

w103

BO0. =

430,

360, =

240, =
120
120.=

240, =

360, =

480,

360 -240 .20 000 1.20 240 360 480 600 720

(RED %A

34

s
L1

2_ i R

o BEHA A 2

20 kgf /em® &

IEPRE

W 4.3.6

)

150 kgf /cm

60



L
E

IEDRI

B 4.3.7

20 kgf /omiEw WAL ALA Hh2 et (AL BA

< 150Kgf fom) -

WOTOR3y 3By

o E
= E
=
e ”
o ™ -
=~ =
] =
=N E
o
. =
= e
________ _ _ _________ _ 1 i ________
_...W._U o0 O O O O 9O 9O O D
dm_._.l._ L [} Lo [} L [} L [}
= 5 Y O g o5

-2.40 -2.00 -1.60 -1.20 -0.80 -0.40 0.00 040 0.80 1.20

QLY EN Y

& A
Lrﬁfj’}agb

o S 2

30 kgf /em® <&

IREPRE

®4.3.8

150 kgf /em? )

61



CP

LS

v SR L T (REDL BA

30kgf /em® &

L
E

BRI

®4.3.9

150 kgf /cm?)

1l

[EE

CP

LS

B 30kgf /om® ~ 20kgf /em® ~ 10kgf /em® ~ 5kgf /em® (4 4=

g

>
o3

4

0

B 4.3.1

- B )

62



'4'4'4 7
4«/4 0 v P'
/R,

S
ras oA AN
‘/‘/‘\w GO0 AN P' e
%
OORRRAN

ORI

R

CP

- B3 PR 855 e 4 ]

LS

30 kgf /om® ~20kgf/em® ~ 10kgf /em® ~ 5kgf /em® (3 4%

@A

Ra

R 4.3. 11

47 % pF )

- B

(

cp
63

@ & 1 kgf /om®

>
3

Ls
33

®4.3.12




CP

M4.3.13 23R lkgf /om® (42— B

LS

25 ) ¥ F 2%

e

HHE [f

T\

Ny Aﬁ%?rﬁ%’
DR

S S STNSNEN

‘b‘b@...%;o%vﬁﬁ%
f?ﬁ&%@%ﬂwﬁt

VAN %

CP

M4.3.14 2= R 0. 5kgf /om’

LS

P B ) )

(

64



| N 15 cp c D [ER—
B4.3.15 232 R 0.5kdf fom® (- B2+ pF) —#75 %X

IR EPERPHL S LR
200000 B
L r e
~ 150000 M A0
- —— S IfH210
= 100000 + Fﬁf%
= —— S HE150
& ¥
50000 B
: —*— Hpji240
0 10 20 30 90 |~ Igp10
Y, il — ?FFlfUI%flSO

B 4.3.16 ‘Eo 7 LA B2 35T > ik A ph

65



Fii(kgf-cm)

5000000
4000000
3000000
2000000
1000000

0

T EPERPRL ™ R R

20
+

—— K280
—=— S 5240
—— 4 210
—— K150
—— 280
—— 240
—— K210
— 150

W 4.3.17

‘T R AT B BT S hA RS

ST SRR R

66

15000 B
% 10000 BN —=— P40
ié/ \.g. —a— A fﬁﬁ%ﬂlo
& 5000 E\. = 150

. —— if}280

’ —— 7240

! 20 —— {210

-+ R, i — FPA150

]%‘]4318 fiélﬁffﬁ_ﬁcﬁ%i%‘r—gmlgﬁyﬂ;




T EPERPRIET DR

3000000 R0
~ 2500000 # i
22000000 - * _‘_Lﬁyﬁ2
2 1500000 F}% 10
& 1000000 —— 4 P10
B 500000 — o —e— H}280
0 ! \ —— ?FPJ}%MO
0 10 20 30 40 | —— K210
+ e, —— LSO
Bl 4.3.19 3@@2*;&%&;%:{%1;{%1%57%%%%
PR PEY PR
4000000 s
) I
532000000 —— 1??2;8
== 1000000 o
: —o Hi2e0
0 1020 30 40 |——FpE210
+ SR [ — K150

B 4.3.20 ‘@ $HHA AR

67




CP

B 30kgf fom® (i 4a— B 4pa) S pE)

LS

I ED

@ 4. 3. 21

& 30kgf /cm®

LS

- B dp2, A pF) —¥rd 2k B

p

(

B 32

W 4.3.22

68



|

OOOER
P
NAEREN,
TR D
SRR

Y
ANDISRS

fH]

CP

B 20kgf fom® (@ 4a— B 4pa) S pE)

LS

B &

@ 4. 3. 23

% 20kgf /cm’

LS

Foo B S pE) ¥ e ]

p

(

P 1

W 4.3.24

69



OCOTA
SRR

e

CP

A 10kgf /om® 4= 5kgf /om® (3 4a— B 4075 = P& )

LS

I ED

B 4.3.25

CP

@ & 10kgf /om® fo Skof /om® (% de— B 45) 3 pF) —¥75

LS

>
o3

4

# 4. 3.26

70



[,E[J}'%ﬁij [ﬂj

MBS
A\ REREE

cp

F14.3.27 2 %2R Lkgf /om® = 0.5kgf fom® (3 4~ B 45752 pF )

LS

cP

0.5kgf /em® (% 4z— B 4ea) S pF) -

| N 5

;‘_‘J:)i lkgf/CmS ‘fr’

#

Es

#l 4.3.28

71



PIFEPER L  EERE)

2000000 —— 280
~ 1500000 f —— 240
2 | —— F KpH210
= 1000000 | i
= ‘ —%— %} %ﬁy”ﬁﬁflSO
500000 _ . —o— 280
0 ‘ —o— ?ﬁ]ﬁ%ﬂm
0 1020 30 40 |——kpE10
+ R — FPA150
W 4.3.29 ‘& LR B ST S A Al
REPER PR AR LR
5000000 —— 280
F 4000000 ° —a— <} 240
<L 3000000 —— K210
5 N
= 2000000 ¢ /7 —— F 150
B 1000000 j —o—Hpi280
0 —— K240
0 1020 30 40 |10
+ R, i — K150

B4.3.30 Er @ HETHBLET > DAHFE

72




I EPERPR LA R g

o g"—.ﬁﬁ - %FF]}I%E28O
% 10000 —.—ajﬁ
2 \%. F”J,%Qlo
= som i
—o—H}/§280
’ —o— 1240
0 10 20 30 40 —— 10
L —— LSO
F14.3.31 ‘2o b T > St B
PRI ™ PR
3000000 sy
= 2500000 K_ﬂ . . R0
22000000 Bt
£ 1500000 | L
£ 1000000 ‘fy%‘
= 500000 e T‘FyﬁrZS 0
! —— ?}}%240
0 10 20 30 40 | —— 1210
+ ['El — T‘FFFI%H 50

]

4. 3.32 :’i?’ﬁffﬁ_%ﬁ‘;}%i%szyg%&%

73




Fiﬁufr§ﬁ*5?ﬁﬁ§LVﬁﬁ%aﬁtﬁJ

E% 2000000 | —— 240
39 A
2= 1000000 e IS0
= 500000 . = o 80

0 | —— 240

0 10 20 30 40 | — ?FPJ}J%{ZIO

-+ B — ?Fj}’l’ﬁfflso

Bl 4.3.33 & & 7 $HA 2w R

A Displacement
1507

1.35
1207 7
105
090~
075
060"
045
030~
015"

0.00 015 030 045 060 0.75 090 1.05 1.20 1.35

Base Reacton

B4.3.34 2R E 20k /om® £ 2 HAA B m R4 GREL %A

280 kgf /cm? )

74



Y b.@“uoor/fw N

Sy
b w.@&f//_ﬁ/

SO

ANy

<7

N,
v,

{7 v ..’ “

5y
RS

AR
AVaAY A
‘b’b&w@?

AV 0 »?'.V
ORI

A L}

LS

L
E

B R

E;

@ 4.3.35

20kgf /em® £ » 7 $H4Eat a2 P aa it (GREEL HA

980 kgf /cm? .

Displacement

1B

250

ORI 358

2757

200~

1757
1.50

125

100

075"

050~

025"

000 025 050 075 1.00 1.256 1.50 1.76 200 225

zaf a4 (CGRHED RAE

10kgf /cm® £ & 7 $44¢ 4

P
S

E;

@ 4. 3. 36

)

280 kgf /cm

75



DR
LA Ry w"”’/‘
S SN
SIOREERS,
WA ‘__ "4

RBRE

E;

@ 4. 3. 37

10kgf /om® & % 7 $HiAT dh 2 Pt (REL %R

280kgf /em® .

Displacement

mOTOE3Y 358

000 020 0.40 OED 080 1.00 1.20 1.40 1.60 1.80

w1

4(REI RAE

L=
Rt

SR 2 o R

10kgf /em® &

EPRE

E;

@ 4. 3. 38

240 kgf /cm? )

76



CP

LS

gL (GRAIBRE

S
X

PE R A 2 A

10kgf /cm

e
E

2

@ 4.3.39

~ 20kgf /om® 4o 10 kgf /om® (3 42— B 4535

240 kgf /cm®)

LS

@ & 30kgf /om?®

%

2

# 4. 3. 40

77

)



VAN o 4_._,,4_._““_.44.._...(e W
- VI RVANL
e e

OO

CP

P — %75 22 AR

cP
78

IEERIT

S

L

23w R 30kgf /om® ~ 20kgf /om® 4 10kgf /om® (% 42— B 435 &

4. 3. 41

LS

@ & 5kgf /em® ~1kgf /em® 4 0. 5kgf /om? (% dc— B 4575 % )

>
o3

4

W 4.3.42



[

>

| o —

CP

C

D

B 4.3.43 23 B Skgf fem® ~1kgf /om® 4v 0. 5kgf /om® (3 42— B 4575 & p& )

LB AL )

RIS ey U

1500000 —— F 280
—a— S K240
1000000 § FFJI%'

< —— F K210
2 500000 LSO

ﬁ ‘ M —o— 280

0 —e— 240

0 1020 30 40 |0

+ B i — 7 L

Bl 4.3.44 £ % 3 $HAAT BT > kA b

79



R i(kef-cm)

ST SRR o

2500000 Y %?FPJ}J%EQSO
2000000 . ?FFJ}J%}ZZlO
1500000 . %ﬁﬁ}%ﬂlo
1000000 +5F?FPJ}J%}150
500000 e ?F’]/'U%f280
! —— 240
0 10 20 30 40 | —— ﬁ']f”%ﬂl()
4 BEPRE — 150

B 4.3.45 £ HAR BT > A A E

179(kgh

H
v

=T ?T;E?F”Jﬁ%lj/}%l—k R

10000 D
8000 oo
o ——F H#210
4000 —— F K150
2000 s

’ —e— K240
0 10 20 30 40 | —4— T‘Fﬁ?%ﬁlo
B —— T 150

B 4. 3. 46 %év%é“&;fﬁ;#a“;]%i;%—r—a g B4

80




ST EPERPRIA LR

2500000 R0
E 2000000 R0
g 1500000 410
= 1000000 4 IS0

B 500000 o 280

0 —e— {240

0 020 30 40 |10

+ R (i — K150

Bl 4.3.47 £ % 3 $HAA B2 T > s B aE
B 1

6000000 80
2 o | eS|
75 3000000 m 10
4 2000000 ——FHPH150

=2 1000000 ﬁ . _ — /280

0 —e— if}f240

0 1020 30 40 | ——ppe10

+ B, i —— K150

W 4.3.48 & o 4t 2wt il

81




Displacement

w1 I:E_

s
@
=+
: ANANLY,
% O
TR
< RAARN,
mOOOEIY J58 IR RS
noeay aseg s ~4&2@§1§%ﬂ&4’
S A2 Jf.f’_o...?..??
==, VY 4%3@.%%3«&40/404
=P AAARESRBEGN
s | ® OO S
||_r5f =
5L
= g
= & 5
T W e
Ha.l. ) m
= m o
= 2 g
£ D
- o
e N
Al
S
cesEs 22888 S
= R S RS R o
(@p)
<A
3
<
&

LS

A AR (R R

i

280 kgf /cm? )

20kgf /em® & o 444

EPRE

E;

@ 4.3.50

82



Digplacement

1P

0,307

MOTOE3Y 358

e

-1.05 -0.90 -0.75 -0.60 045 -0.20 -015 0.00 015 0.30

000~

0307

060
0907
1207
150

1807

210~

24077

Rkt 5 &k

A2 R 4 (O

i

280 kgf /cm? )

30kgf /om® & w %4

P
S

E;

@ 4. 3. 51

LS

A T e (REL BR

i

280 kgf /cm? )

30kgf /om® & w %4

L
E

B R

E;

@ 4.3.92

83



Displacement

x10F

500"

mOTOE3Y 5B

450~

4.00
3507
300
2507
200~

150~

1007

0,50

000 030 060 090 1.20 1.50 1.80 210 240 270

10kgf /om® & & $Hfiad b2 m Bic 4 (RGE2 % R

e
E

E;

® 4.3.93

240 kgf /cm? )

LS

10kgf /om® & & $Hfia b2 B aa it (RS %R

EPRE

E;

@ 4. 3.54

240 kgf /cm? )

84



ORI 358

N

Displacement

240 kgf /cm? )

20kgf /em® £ » LAt 2wt R 4 (R A

v

000 015 030 045 060 075 090 1.05 1.20 1.35

1B

izl
R
o o O o 90O O 0O 9O 09 =9 -
S~ = ~— © b &1 o @ o,
[ T o B ot o B e L= = =] -y

@ 4.3.95

85

20kgf /em® £ » LA Hh 2 gt (RED A
240 kgf /cm? )

L
B

PRIE

>

E

E;

® 4. 3.96




Displacement

w10k

5.007

moOoEay ISey

4507

4007
350
300
250
2007

1507

1007

050~

0.00 0.30 060 030 1.20 1.50 1.80 210 240 270

20kgf fem® £ » LAt dh 2wt R 4 (R A

e
E

E;

@ 4.3.57

150 kgf /em? )

20kgf /em® £ » LA Hh 2 gt (RED A

L
E

B R

E;

@ 4.3.98

150 kgf /em? )

86



OO 5By

K
f//
I,
] /
=
=
€
L=
)
e
=1
-]
1
=
I R R I I (N OO N
_.l.m..”. i R | = = [ R e | = =
— 0 M- =t — o0 [ Nt [ o o
= S RV R S == e S

015 020 045 060 075 0.90 1.05 1.20 1.35 1.50

30kgf fem® £ » At b2 mf i 4 (R B A

P
S

Sy

E;

@ 4.3.99

150 kgf /em? )

30kgf /em® £ » LA dh 2 4Bt (REL B A

RBRE

E;

@ 4. 3. 60

150 kgf /em? )

87



e _.V

'bﬁ \_..llv..__ ﬂ&/l”,
44.% @p@.»rw/ﬂ/d

NI
WA IS
ORISR
AR

AL

W,
& ooy
LA
Vi

Y

=)

CP

cP
88

—
=

=

R

LS

23w R 30kgf /om® ~ 20kgf /om® 4 10kgf /om® (34— B 4p2) &

® 4. 3. 61

e i

LS

# 2R 30kgf /om® ~ 20kgf /om® v 10kgf /om® (34— B 4525 =

E;

® 4. 3. 62

PF) —¥75 %% [



\’.4’4&44 AN
ﬂfe}%

4w

CP

LS

B 4.3.63 23R Skgf fem® ~1kgf /om® 4v 0. 5kgf /om® (3 42— B 4525 & p& )

I )

CP

LS

B Hkgf /em® ~1kgf /em® 4e 0. Skaf /om® (% da— B 4535 2 p& )

>
o3

4

# 4. 3. 64

—#7F T+ )

89



g1 (kef)

RPIEFERPRY AR bpogre )

2000000 —— H 280
1500000 7 —— K240
1000000 |- — APR2I0
500000 T ML

{ . . —o— f280

0 ‘ ‘ ‘ —e— {240

0 020 30 40 | ——pi0

+ — K150

B 4.3.65 £ o HAL BT S kA S

W 1(kgf-cm)

REPERFRY I oL R

8000000 —— K280
6000000 —=— {240
/////+ ——F 210
4000000

—— F K150

2000000 e K280

0 —— 240

0 02 30 40 ——kpH210

+ Y i) — K150

B 4.3.66 £ »H BB S DAHPE

90




RIPIEFER PR ey

10000 —— 4 {FFFJ}J%EZSO
g o0 —=— 4 240
2 6000 —— 10
‘EI 4000 —— 5“?}%150
2000 %0
! —e— 240
0 10 20 30 10 | —— 10
-+ EREPE fif — K150
B 4.3.67 &b $HfLadabz g™ 2 ot 2 4
RIPISFERPRY G R
2500000 R
’g 2000000 § +5F?Fk]ﬁ%f240
‘*@ 1500000 . 5”?]?%210
= 1000000 | e 150
B 500000 f R0
’ —*— 240
0 10 20 30 40 | —— K210
+ BEPE fif — K150
B 4.3.68 £ o H G2 ET S hp BE

91




e R % AR 2 P-M Curve

Inte raction Surface Definition ]

User Interaction Surface Options Interaction Curve Data
a2 Current Curve - 4 4>
o
‘sl Faint F | M2 | M3
Mumber of Curves L1 ik o 0 gl
2 0.8684 0.3283 i} P-M2
Mumber of Points an Each Curve 3 -0.7668 05443 0.
4 -0.6597 07101 1.079E-08
Secale Factors [Same for All Curves) ) -0.5307 0.8645 1.147E-06
[® M2 t3 B -0.38M 1. 1.415E.08
| | | 7 -0.2603 0.985 1.329€-08
[ 0141 0.893 1.258E-06 P-3
7 Include Scale Factors in Plats kgl cm. T = T 9 | 475503 06754 1.651E-08
First and Last Pointz [Same for All Curves) % g;:gg D.SS? 1}53505
Paint F M2 t3 - - -
| | |
1 [ [ | | M2 -3
Interaction Surface Requirements - Dioubly Symmetric 30 Plat
M3 .
1. A minimum of 3 Phk curves are specified i = (+" Show All Lines
. T . 315  Hide P Direction Li
2. P [tension positive] increases monatonically. \\RJ M2 . = ide P Direction Lines
Elevation . .
3. M2 = M3 =0 at the first and last points. ,25— - " Hide M2-M3 Lines
4. First curve has all M3 = 0 and all M2 >=10. - =
5. Then one ar more curves has all M2 > 0 and &l M3 > 0. R ﬂ Iv  Highlight Current Curve
B Last curve has all M2 = 0 and all M3 > 0.
7. Az the curve number increases, a specific point number 30 | M | P3| PM2
should have an increasing M3 and a decreasing M2,
8. Each curve must be conves and the interaction surface az a
whale must be convex [no dimples in surface]. Cancel

B AL AL 52 280 kgf /o’

Inte raction Surface Definition ]

User Interaction Surface Options Interaction Curve Data
a2 Current Curve - 4 4>
o
‘sl Faint F | M2 | M3 ]
Mumber of Curves L1 ik o 0 ol
2 0.8654 03244 i} P-M2
Mumber of Points an Each Curve 3 -0.7643 05336 0.
4 -0.6558 0E977 1.068E-08
Secale Factors [Same for All Curves) ) 05241 0.8552 1.142E-06
[® M2 t3 B -0.3679 1. 1.434E.08
| | | 7 -0.2454 059879 1.340E-08
[ 01241 0.893 1.262E-06 P-3
" Include Scale Factors in Plats kgl.em. T = 3 0om7? i) 1.E91E-06
First and Last Pointz [Same for All Curves) % gg?gg 0'20255 1'803505
Paint F M2 t3 - - -
| | |
1 [ [ | | M2 -3
Interaction Surface Requirements - Dioubly Symmetric 30 Plat
M3 .
1. A minimum of 3 Phk curves are specified i = (+" Show All Lines
. T . 315  Hide P Direction Li
2. P [tension positive] increases monatonically. \\RJ M2 . = ide P Direction Lines
Elevation . .
3. M2 = M3 =0 at the first and last points. ,25— - " Hide M2-M3 Lines
4. First curve has all M3 = 0 and all M2 >=10. - =
5. Then one ar more curves has all M2 > 0 and &l M3 > 0. R ﬂ Iv  Highlight Current Curve
B Last curve has all M2 = 0 and all M3 > 0.
7. Az the curve number increases, a specific point number 30 | M | P3| PM2
should have an increasing M3 and a decreasing M2,
8. Each curve must be conves and the interaction surface az a
whale must be convex [no dimples in surface]. Cancel

B A2 R4Ed s R 240kgf /om?
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Inte raction Surface Definition ]

User Interaction Surface Options Interaction Curve Data
a2 Current Curve - 4 4>
o [~y
‘sl Faint F | M2 | M3
,7 1 -1 0. 1}
Mumber of Curves ] DT 03205 ) B2
Mumber of Points an Each Curve 3 -0.762 05238 0.
4 06522 06263 1.058E-08
Secale Factors [Same for All Curves) ) -0.518 0.8469 1.138E-06
P M2 t3 B -0.3567 1. 1.450E-08
| | | 7 02319 03305 1.350E-08
g 01086 09043 1.267E-06 P43
" Include Scale Factors in Plats kgl.em. T = 3 00368 0684 1726506
First and Last Points [Same for ANl Curves) —}”D 0032&2? 0'201 2] 1'85;505
Paint F M2 b3 . . .
| | |
|| | [ | | M2 - M2
Interaction Surface Requirements - Dioubly Symmetric 30 Plat
M3 .
1. A minimum of 3 Phk curves are specified i = (+" Show All Lines
. L . il  Hide P Direction Li
2. P [tension positive] increases monotonically. \\RJ M2 . ] ide P Direction Lines
Elevation . .
3. M2 = M3 =0 at the first and last points. ,25— - " Hide M2-M3 Lines
4. First curve has all M3 = 0 and all M2 >=10. - =
5. Then one ar more curves has all M2 > 0 and &l M3 > 0. R ﬂ Iv  Highlight Current Curve
B Last curve has all M2 = 0 and all M3 > 0.
7. &g the curve number increases, a specific point number 30 | MM | PM3] PM2

should have an increasing M3 and a decreasing M2,

Each curve must be corves and the interaction surface as a
whale must be convex [no dimples in surface]. Cancel

@

B A3 RN 5 AI210 kof /om?

Interaction Surface Defintion ]

User Interaction Surface Options Interaction Curve Data
a2 Current Curve - 4 4>
o e
‘sl Faint F | M2 | M3
,7 1 -1 0. 1}
Mumber of Curves ] 05554 0108 ) B2
Mumber of Points an Each Curve 3 -0.7557 04332 0.
4 6425 0547 1.034E-08
Secale Factors [Same for All Curves) ) 05018 0.8263 1.127E-06
P M2 t3 B -0.3266 1. 1.491E.08
| | | 7 -01954 03369 1.374E.08
g 0057 04175 1.277E-06 P43
" Include Scale Factors in Plats kgl.em. T = 3 00895 0694 1 812506
First and Last Pointz [Same for All Curves) % gi;i: 0'10808 1'853505
Paint F M2 b3 . . .
| | |
|| | [ | | M2 - M2
Interaction Surface Requirements - Dioubly Symmetric 30 Plat
M3 .
1. A minimum of 3 Phk curves are specified i = (+" Show All Lines
. L . 315  Hide P Direction Li
2. P [tension positive] increases monatonically. \\RJ M2 . = ide P Direction Lines
Elevation . .
3. M2 = M3 =0 at the first and last points. ,25— - " Hide M2-M3 Lines
4. First curve has all M3 = 0 and all M2 >=10. - =
5. Then one ar more curves has all M2 > 0 and &l M3 > 0. R ﬂ Iv  Highlight Current Curve
E. Lastcurve has all M2 = 0 and all M3 > 0.
7. &g the curve number increases, a specific point number 30 | MM | PM3] PM2

should have an increasing M3 and a decreasing M2,

Each curve must be corves and the interaction surface as a
whale must be convex [no dimples in surface]. Cancel
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