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ABSTRACT

ABSTRACT

Keyword : Reinforced concrete structures, street house, backside exterior walls, opening,

seismic.

The 1999 Chi-Chi earthquake in Taiwan caused numerous building
damage and collapse. A large percentage of damaged and collapsed
buildings are low-rise reinforced concrete buildings with pedestrian
corridors and open fronts on the ground floors, referred to as street houses
herein. This type of building (street houses) typically was damaged along
the direction of the street due to the much less volume of walls along this
direction than the direction perpendicular to the street. Since street houses
are very common in Taiwan, there is an urgent need for seismic evaluation
and retrofit of existing street houses and for improved design method for
new street houses. Since structural walls possess significant seismic
capacity, appropriate seismic evaluation and design of street houses requires
information on the seismic behavior of walls in street houses perpendicular
to the street direction. Typically, there are two types of walls along this
direction. One is the wall besides the stairs and the other one is the wall in
the back exterior side of the house. The seismic behavior of stairs wall has
been studied previously in a 2010 ABRI research project. This research will

examine the seismic behavior of the backside exterior wall.

The backside exterior wall of street houses usually contains openings
for doorway,  kitchen ventilation and toilet windows in the first floor. In
the second floor, the exterior wall typically has a window opening. The

seismic evaluation and design for the backside exterior wall with typical

XXM
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openings in Taiwan is still not clear. Moreover, the seismic performance of
this type of wall with reinforcement detailing typical in Taiwan is

questionable.

The objective of this research is to propose seismic evaluation and
design method for backside exterior walls with typical opening pattern of
street houses in Taiwan. Two large-scale two-story structural wall systems
will be designed and constructed. One wall system will be equipped with
conventional reinforcement detailing typical in Taiwan. The other one will
be designed with proposed reinforcement detailing to improve the seismic
performance. Lateral cyclic loading will be applied to investigate the
seismic behavior of the walls. Based on the observed behavior, analytical
models including strength and ductility evaluation and the finite element
model will be developed and verified. With the developed analytical models,
seismic evaluation and design methods for backside exterior walls with
typical openings for street houses will be proposed. Results of this research
will improve the seismic evaluation and design of street houses, leading to a

more economical seismic retrofit and a safer new design of such structures.
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43-4 %7 > EHM i m & 4oF) 3-4 B 3-5 577 o

23-1%a A 2 ¥rangR

. Longitudinal bar shear reinforcement
Member Section size - -
Type | Steel ratio Type Steel ratio
Boundary column
Y 300x300mm| 8-D19 | 2.55% | 2-d10@75| 0.63%
Isolated column
Beam 200x300mm | 2-D13 047% | 2-d6@100 | 0.32%
Small Boundary 160x160mm | 4-D19 4.48% 2- D6@75 0.53%
D6@100(staggered) 0.4%
Wall t=80mm in both vertical and horizontal shear
reinforcement
(FR IR 2 g EE)
$3-2 Bry ARy 248 TR
Sp Openi Reinforcement around the opening
designati ratio Verti Horizon Diago
L1 0.46 1-D1 2-D13 1-D16
L2 0.46 - - -
GRS RESCER £
233482 BPF
Type Yield strength (Mpa)|Maximum strength (Mpa)|Young's modulus (Gpa)
425 538 201
D10 366 509 180
D13 369 522 189
D16 400 569 194
D19 384 616 183
d10 985 1143 197

(FHE %k 27 F FE)
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Compressive strength
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Young's modulus
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Lateral Load (kN)

FZF G UL F A 4T RC A5 2 Ap B S8k 2 A2 2
800 1000
L L1 ) ) v,,w;/? H L2 {
600 Experiment 800 L Experiment /
400 [ Analytical 600 1 Analytical
200 z 400
[ <~ 200
0 —‘3 o L
i —
-200 = I
| £ -200
- & -
400 [ 3 _400
-600 [ -600 | /
-800 -800 — LY
-1000 1 " 1 " 1 " 1 " 1 -1000 1 " 1 " 1 " 1 " 1
-40 -20 0 20 40 -40 -20 0 20 40
Displacement (mm) Displacement (mm)

(a) (b)

W 3-6 A HBE S 2 Doi £ HEkFHG i &Ll (@)
L2 (b)

(FR*R: 275 5 H)

Wight J. K. etal[ 7]ip3¢ & 2 4 B ¢ 4548 o 5 W-3 cmi % R4 b

GAcH A7 R 3-7 B 3-8+ 4 35436
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Section A - A

UEU

fffi

————t

(b) Section B - B

3"
¥
T

3"

W 3-7 8 W-3 e st m &

(FHRXR: 33 0[7])

% 3-5 FH W-3ph mds

Item Specimen
Section shape barbell-shaped
Height 3.56 m
Wall length 1.22m
Wall aspect ratio 2.9
Story height 0.71m
Story aspect ratio 0.58
Web reinforcement ratio (horizontal) 0.003
Web reinforcement ratio (vertical) 0.003
Boundary element reinforcement ratio 0.03
(horizontal)
Boundary element reinforcement ratio (vertical) 0.004
Area (opening) 13.40%

(FR%R: 232 0[7])
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FZ2F MG UG s 47 RC S 2t M SR 2 a2

% 3-6 ¥ $ik
Steel bar
Yield strength Young's
(Mpa) (Gpa)
3/16in 620 200
#2 562 200
#4 540 200
Concrete
Compressive strength (Mpa) 345
Young's modulus (Gpa) 27

(FHRXR: 532 0[7)

65



Mg SRR RS B T L e R R AT

- | '
| VAN - -
T i
[ | | I=
! | |l
I I~ 12711 0 0. § I
- BN rrARsNE N

E
| [
A

N |
A
|

]
C
|

INZEEANEN

NN -
Pl ™ | B |

EEEAN N

B 3-8 48 W-3 DIANA #:3] 2
(TR : 2L R

66

&+

4-



FZF MG FEH AT RC M AP M S cRE 2 W32 2

i
-

DIANA -3l gt 7 9 "% 5k 2 5 % $HPR AT *0 ] 3-8 > 3 % A7
R R AT R A RO -

200

W-3
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2

Lateral Load (kM)
o))

-60  -40 -20 ] 20 40 60
Displacement (mm) a

® 3- 9DIANA A BT R EHR 2L S+ HRB
(FHR xR : 27T HH)

e~ E+ & Wiradinata f- Saatcionglu [ 9]p]:# 7 B3 % 5 05
2 o X RGEHE Ol 2 8 )k fofie 81 o & 4o ] 3- 10 “157  H#L s
Bdrk 3-7 BB ETE2Z 5408 3-11 977 > ik 2% 7 4p
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» 2200 mm L i 500
= | < .'l
I I 300 | |
- 2000 - 100—"" -
1000
335 B
= 2325 > —{ FW’[
X
(a)
W 3- 10 3#4 Ol 2 & fm a4k 4o DIANA 3%
(FHRXER: $4FTP[9 27T HA)
7 3-7 #E 3k
Steel ore p Yield Young's
bar ( (Mpa (Gpa)
Horizo Web 0. 425 200
Boun 1. 425 200
\ertica Web 0. 435 200
Boun 1. 435 200
Concrete
Compressive strength (Mpa) 2 Young's 23

(FH xR L5 0[9)
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CES S ERREE £

%= & DIANA & $5#7) 82 & T2 BR

Flr = g U Z A 78 DIANA 2 = 8O3 073 > s 503+ 2 =
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s A R Ao B 3- 12 AT o A S BERE Y Bl B ok A

o0 oW 31397 o s PR A S TP L 2 RES B
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FRUERE 3 6% drift 4o®] 3- 14 S5 -
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41 PRITE &K

Speci Orig A Stiff Neuen Stiff
mens Squ f (kN/ factor (KN/
0.
296. 166. 252.
= 5
37 96 95
7
0.
296. 75.3 186.
o z
37 5 93
5
0.
296. 136. 194,
= 4
37 52 44
6
0.
296. 160. 248.
W s
37 76 55
4
0.
296. 195. 275.
6 0.93
37 6 99 94

(FH- %o 2+ g )
BAple 2 B AT BFTRZ PRV E VI AR RS 4

a2

+ 2 = = 2, . 55
T & A4-2 077 0 FwZ e

\\\?{r

«é;xﬁ,’i C-o
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e g Btz A4 2R DIANA ~ 78 % Hik

342 BR¥E

Specimens Level Shear Stiffness (kN) A, (mm)| Ay rmm)| King (N)
1 I kvl 464422.9 8.473
kv2 117504.6
g 11 3 1700546 13.062 2.470 | 109.556
I kv4 464422.9 3214
2 I kvl 363704.7 11.325
kv2 117504.6
m I W 183364 19.851 2.650 | 85.825
I kv4 464422.9 3.448
3 I kvl 464422.9 14.048
I kv2 117504.6 12,904
n kvl | T840 2.615 | 104.619
- kv4 117504.6 .
kvs 78336.4
v kv6 464422.9 5329
m I kvl 363704.7 15.903
I kv2 464422.9 2.380 2725 105106
5 I kvl 464422.9 9.226
- 11 kv2 363704.7 11.891 2.725 | 118.757
I kv3 464422.9 3.500
ALL column kv column 229427

(FR IR 2 E EIE)

%4-3 LBRVEF2VVRE

Stiffness (kN/mm) n n m .j ‘
Wall win | Wall 2win [Wall win dooi] door corner win

DIANA 104.04 96.18 5477 87.44 137.21

Analytical method 109.56 104.62 85.82 105.11 118.76

Bing Li equation 104.04 100.43 85.43 102.35 110.81

Neuenhofer reduction| 252.95 194.44 186.93 248.55 275.94

AlJ reduction 166.96 136.52 75.35 160.76 195.99

(FHR %k : 22 g KR
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BBl LEATECRYE T I F2TELS R 5 104.04
KN/mm > 4o B 4-6 #7771 o B d%iT2 & % Bing Li #74# 2 fj it 23 > 7
Pl AL F 2 4p e 2 16 104.04 KN/mm > 77 7 B STk 2 B R 8 2
P 18 5] 109.56 KN/mm » AlJ fr#x * Neuenhofer #74 = ;% ' #5]% *
166.96 KN/mm 2_ & » # ¢ Neuenhofer #73& = ;2 ¥ 3] 252.95 kN/mm 2_

ks

1600
109.6 Analytical
1400 | AT
2529 /
1200 :Neuent?pfer’// 1'04 DIANA
= [/ . i o
Z [/ 4Bing Li—
€ w007
he]
s 7V - — — — — —
S 800}
‘_E / ,
% 600 /7
|
400 [y 1 E
/ DIANA
If — — 0.75R
200 :’ - Sliifneyss (kN/mm)
0 10 20 30

Displacement (mm)

W46 3FBRC2BRPTLEE LR
(FH %R : 27T 54

BRUCARE 2 - LATIIBECRET > AL ERHNELBA
5 96.18 KN/mm > 4o ™ B 4-7 #7F o B #iT2 B 5 Bing Li #r# 2 f§ it
254 ¥ 3] 100.43 KN/mm - &7 5 B Ff A74k 2o B B3R 8 2 P F 5] 104.62
KN/mm » & % Al 375 a8 3] 138.5 KN/mm 2 & » H oz *

Neuenhofer #73 = ;£ #1718 3] 194.44 KN/mm 2. & '# & § -
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¥ ® B roht2 Aol e 2R DIANA & 47 5% 5 4

1400 —
100.4 Bing Li
Analytical 104,6
1200 96/18 DIANA
A1J136.5 /,/
1000 | — -194.4/ ,///
=z Neuenhofer,  / "
< I R A A N B
5 800f -/ /
S Iy
- Ny
s 600 // /
2 11y
g [
Window and AC

[ ——— DIANA l H

/. — — — —0.75Fy

J“c/ — —— Stiffness (kN/mm)

11/

0 ‘ i i
0 10 20 30

Displacement (mm)

W47 3F232ARBCLBAVELEE R
(F# kR 27 5 H)

ABCRE S BIME TR LRT A AR NELBR

~=h

5 5ATTKN/MM > 4o Bl 4-8 #771 o Bd2iT 3 LA ZHHMA TS F 23
2 s I AD A7 BT 2 > 2 0 Bing Li fo7 7 B AT 2 B R
5% 4 w1 1) 8543 kN/mm - 85.82 KN/mm » £ 5 & fs 2o & 5 4% *

Neuenhofer #t3& 1) 2. & 372+ & 2 #71 2. 186.93 KN/mm -

1000

AlJ 75.35
Bing Li 85,43/
INeuenhofer /1 /
800 186.9 oy

5.4y 5477 DIANA

= / Y,
Z | Analyti¢al O
/ / p
= / / /
< 600} |
[s5]
o - |- L AaA 0 0 ) -
-
T
§ 400
35
-
200 } Door a%d“m;dow m
— — 0.75Fy
| — —— Stiffness (kN/mm)
0 4 i i
0 10 20 30

Displacement (mm)

W48 2F2FRBr 2
(TR KR rE L)

w

Bi3E 2% i
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PR RIBECRE 43U E 2 F LR 5 8744 kN/mm o
doT B 4-9 47 o BdRiTF AR AT E %2 22 5 BingLi g
> 5% 102.53 KN/mm > 22 7 B F AT 20 B R 3 8 UE 17 105.11 KN/mm > A
AN TR BT G E R e B R 7 160.76 KN/mm v B % B
w218 % # * Neuenhofer #13& 112 T B 782 5 2 #7118 2. 248.55

kKN/mm -

1600
105.1Analytical

1400 AlJ

24857008

1200 Neuenh?fer /y’ /

10/2.3 Bing Li

/ /8/7.44DIANA
1000 | -~ /- /- /

800 F

Lateral Load (kN)

600 [ 1/

400 |1/

Door
DIANA
— — 0.75Fy

— —— Stiffness (kN/mm)

200 |/,

10 20 30
Displacement (mm)

W49 FFRBr2BAFERS R
(FH &Rk 227 5 1)

PRET2ZFCRE S I FEAELSR 5 137.20kN/mm >
4o B 4-10 970 o B dRITF VLR M A S R 2 2 LT BT
#2. DRI 4718 11876 KN/mm > 2 =t 5 Bing Li i it = 5% 110.81
KN/mm> 1] # A 37 G ficsr 8 2. 2 2 5 B v g & 17 195.99 kN/mm >
B 5 B 2 53 * Neuenhofer 73t d12 @ B 3782 8 ;2 #7118 2

275.94 KN/mm -
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$wd BoroaHaAche e R DIANA A 452 % R

1800

Al 118.8 Analytical

1600 ¢ 196 137.2/D|ANA
L o759/ o

1400 Neuenh/afer/ 11308 Bing Li

[~
o N
S O
S oS

800

Lateral Load (kN)

600 | //

400 :“ Cumeélﬁmgow n
—  — 0.75Fy
200 p = — =  stitfess (kN/mm)
0 i L
0 10 20 30

Displacement (mm)

B410 $FBr2SBRIERE LR
(FR &R 27T % 1)

LUy

A LHEBEC 2GR T U BRI BTRAPRTE
ZfeBing Li #rde 2 it B o8 H g UL AR v B
FRAFZE LRV FHEY TR GBS E (AN RS BRI 2 S
B 47 taficfo Neuenhofer #73 12 B RITRIZZ) RF ¥ LI B

LRI B 2B RITEGE B Y T S AAE o
P i
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7% Btz vk DIANA » 72 % ¥k
$71% BrihHz fe%a DIANA A48 5% HE
Biga it AR > A BRERA LS TE G - 2 Bkt o I

DIANA $HH B =8 ~Frfl 2 < [ X e 22EE 24

*fr‘l:" J@.m)’io—pk}?;&l‘ﬂ—\m& I‘]»-—»/z{é _\:L'%i%l"‘j?&—t"
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F-8 FoBlReRnREBCBRITHFG
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IS SE Y 2 R de ik v ACI b R B T 4
ROAPPMEZ Bl 38 AP 5 3 N R E T B2 Ple R E N 4
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% =300 /1, <15 @ =20 11,22 s 4 oy sapp



M SRR RS LB T L WA Y
A=y gmpas AL pmgmpms 4085 gegrngga
A=0.75

Ploif o kT $500 o 54 o i 58T G AR 2 B 2034w 55 2 R R

BETe Fzt o s ER- Rl 2 Fgmo BRATAERART TR
. N e
W12V c)Acv; @ E- BREEH 2T 4 L E R R 7 FAE

(265 T) A Acw;; “d 2 BT o

FAAD PRz ARER CRMER P B

R RITE Rk

AlJ(ALJ Structural Design Guidelines for Reinforced Concrete
Bmmw$%%¢ﬁ%?M#w71%auﬁpﬁﬂ’kﬁﬁﬁmw 1%
2 BATR Gl FI VA B v Bz Rle s RITR GERAIER

v ECREE G R 58 B 2 T o
S0 RA RN - HADEE T 0 AR E 2 )Y gk s

oo bR R 58 R AT Cilic o TR Rl oy (B ) F) AR

ClrRER o n AT ERT R A RS 2 B BT N R o

0.196p4%23 (F,+18) .
Qs = { W + 0.85,/pse Oy + 0.100} b.j

l
nzl—LL%
l,, Xh
@=1—14f%?z%
H e
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I F Bratz ple sk DIANA 478 % R
a, = EF 54 5 RETH fE(mm?)
b, =equivalent wall thickness from I-shaped shear wall to
rectangular cross section (mm)

D = 23L& (mm)

D, = % (mm)

d = 3% e d=D—-D./2 , ®&3,% % FF d=095D (mm)
j =7d /8(mm)

Pre = Frxd-E 4f 5500 _bea;d

Pse = 'K T4 55t

F, =R @3 FURs R (N/mmP)
M/QD = Tt
Owy = 1 % fi 57 k5 & (N/mm?)

T a4 (N/mm?) N

% = b, xD
lop = B &R
I = 28R
hop = BT B3R
h =23k

%~ O0no’s B v &1 5% & 475 hik

Ono’s[ 18] B v #4448 53 & 37 (% #>(1992)% 4 *»* Journal of

Structure. > p 37 GEic? AR X BREEZ 6 2 kI E IR Gk

Yo DT o
A,
Y., =
u Ixh
_};! =
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1
1
1
—_f - e e e Bt B
1

i

Y%

&Y

B 5-10no’s 355 ¥k 5 7 3 W
(FHXR: 27T HR)

FoH LEPHAPERBRLNR

\_.
£

Ar RRREREOHERA LS TEFT 2EOY - PR 2R

I AELAIEC BRIV REANE O BRBRZ NS
P TR E R A T Bk ot R BT R £ 3N % o 4o i ] 4-5 o o

FEY SR RV LZLAE A .

AR BAITRGEI 2B v B R & DIANA 2 479717 fp

LT BN RT LR LERPES G F AT AL

Foo M Rl e AT ACH fo A 2 2 R kgt
"4 LACHR < 4485 B 3 B 5 457 Ono's B v bl s B 47 (i B 1
CoAEREE R 2 ACHF bl B Y N e AU B ¢ bR B TR
Bt E B oA 3 AN R B A S AU B R
BRATH Gl B B r b R o 3% DIANA A 45978 49 3 v di o

PoA ks Onos B r i AR GBI E Y 24 B 5-2 38 5-6
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$7F Borohaiz fle sk DIANA A 455 % H @

SR AN B R AIE T A B ITR AHCEE Bk Aok

5-1#77% o
1974,24 2511,65
\
[ ]] ]V NENEEENNN
o
3 y -
: - :
- n
QU]
e
N
o <~
™ qV]
O
QN
L 3049,63 250019 \

W52 7%Fc M Ones BARITHFAE:E T LH
(FH Xk 273 FH)

1974.,24

[T ] ]]]

1974,49

2450,01
2624,34

L 2573.,86 ] 2624,34 ‘

W53 §F22ARCBAMONs RARITHGEFET AW
(B %ol 25 R 8
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1974,24

[ ] ]]]

1974,49

c624,34

] 624,34 |

W54 ZF2FRCEBBONs BRITFEGEFETIW
(FRXR: 275 A)

4174,05

3750
3574.,5

35745 \

W 5-5 z R TR Ono’s 5 & ITF s B 7 LW
(TR % 255 3§ 8
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$7F Borohaiz fle sk DIANA A 455 % H @

4174,05

3750
3574.,5

3574,5 |

W56 %R &M Onos i RiTE Gk E 7 AW
(FHxik: 273 5H)

4 5-1 #oi3aM2 Al o Ono’s 3% R I7R Hlk K B %

Wall Wall Wall win door corner
win 2win door win
hop (mm) 1500 1500 2750 2750 1500
lop (mm) 1500 2300 2400 900 900
Al rl 0.645 0.456 0.432 0.787 0.787
reduction r2 0.617 0.526 0.345 0.599 0.704

factor

Ael (mm?) 6789106 | 5102050 1896115 8622333 | 8660179

Ae2 (mm?) 6450565 | 3443580 | 3443580 | 6377355.8 | 10969280

Ono’s ru-L | 0.604 0.524 0.319 0.681 0.682
reduction | ru-R | 0.589 0.430 0.430 0.586 0.768
factor

(FHR XA 27 FR)

P AN 3 A 47 i~ Ono’s % B 47 falicfed LA 2 A 457 B

I~q

POl ELER T OUERT BEGILY &Y ACIF b A
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M SRR FRELL AR L MR F AT

FUI g A AN 3 B 47 T licfe Ono’s 58 B 37 G Bc#ri8 2. % B3 8 EiT

T AR o AT et B B Sk 4o b £ 5-1 4w o

ARECRE INEAFTHECORET G AL E TG A S 1156
KN > 4o B 5-7 #777 o BT "L 4472 5 AU s R B4
e AL 55 B 4T e 18 2 e ACH 56 B - B sV 3 Al 5 B 37 (%
BT 2 (8 o 10T PRI E_ACH 3 & B S A AN R 3R T

Bkl 24 m A% R 8 e A % R 375 it 8 2 B R

BaF e
1400
1200 = = S = = == = = )
e
= +
~ 1000 f i
z /
=
T 800
o
-
g 600
§ ) Solid
400 } “/ —wfm— Window
| E ACI with AlJ reduction
ACI,with Ono reduction
200 — = AWwith AlJ reduction
0 1 1
0 10 20 30

Displacement (mm)

W57 ¢ #*RrRpHRARATESS VR

(FH %k 2T 5 )

1

LR ﬁa,%. A)Er. B ﬁaa'r,"}gﬁl;u%;‘é&rg' i

% 1100kN » 4™ Bl 5-8 #7177 o B 42173 VA F A 52 B2 MiFT 5

Al 3 R E Ve AN s B AT G EATIF 2 o
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$7 % vz e DIANA A& 452 % R
1400 7
1200
. 1000 f
bz
=
5 800}
o 7
- */
= 600
% /+/ Solid
- 400 H / —sf=— Window and AC
E ACI with AlJ reduction
AC] with Ono reduction
200 [ —= = AlJ with AlJTeduction
0 L L
0 10 20 30

Displacement (mm)

M58 $F23AR BUEAFERI R

(FR % 27 R )

1400

1200 |

1000

800 r

600

Lateral Load (kN)

400 1
+ Door and Window

ACI with AlJ reduction
ACtwith Onoreduction
— ~— AIJ with AlJ reduction

200 ff

ol
0 10 20 30
Displacement (mm)

W59 $F2FPRU BHBRAIEEL R

(FHR Kk 221 5 8)

I3

Brflil3-zMP2FRr2pEET 3 A2F2MELRR

“~

Y

7T70KN » 4o F B 5-9 #777 o B 4FiT3 WA F A2 B2 niFRF 35 A

%R E e AN s R ATR GBI B o
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1400
oo /S
1000 F ++ +F
=3 AT
=3 i
T 800} ¥
3 /
s 600 [~
D
= / Solid
—~ 400 F 3“ + Door
| ACI with AlJ reduction
ACI with Ono reduction
200 —— — Alwith A1J reduction
0

0 10 20 30
Displacement (mm)

F5-10 § PR rRlERPE RS R
(FR % 27 R )

PRy P2ZBopd 43 ik 2782 %A 5 1064kN > 4-F
5-10 #77% » BFRiTF LA EHMA LR 2202 5 ACI B E 4
fe Al 53 B 37 G dcdt 18 20 e ACH 3 & 35 8 55 #fe Ono’s 3% & 47 %

Borr W2 B i B B s AR E S e Al SR 4T it

140 ————————

Yy r—+ +1
1200 | —

_. 1000 |

P

=3

5 800 |

=] Y

-

S 600

% Solid

-

—sf=— Corner Window

ACI with AlJ reduction
ACI with Ono reduction
— — -AlJ-with AlJ reduction

400 1

200

0 10 20 30
Displacement (mm)

W51l zFRCBERARATERS: R
(FR %k 275 FE)
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SREFLBCRE 5 U AR @A 5 1283kKN 0 4o
B-11 #57% o Bd2if$ 'TA 2 A A 78 % 2 % 32 > 417 AR Gk
Sz BB BT A P 19599 KkN/mm > # s B B2 5 Al s

“~

B8 N g Al s B 3T Gl 2 B o

Froadko AR E N A G B IR G E 2 o dp s
IAE A2 RERLFIBEEC A2 BB A 0 @ ACI
o S A T S R A 3 R 4T Gl fr Ono’s 5 & 475 Bt

WL R EEET AR T PR AR AT R o
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S E AT Bl G o T A e BN G R TS e N G
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f'c=280kgf/cm? -
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26-1 BB UrigRATESE
e 5 4m #whk®:| 3.75m | 90x275cm
=T 30x50cm o % <t | 25x50cm THCo 4 100x150cm
e ?fii‘r Rl ¥ ?‘fii I 5k 455 B 68.24 KN/mm
Bl F % 8 A 1.1m I 5w 3 B 1184 kKN

e ?]i?jﬁr Pl ¥ BE = B
e 50cm: BT B R
1.1m

T 35474534 B 60.13 KN/mm
T a5 & 1027 kN

e ?ﬁixﬂ B4 F BB =
% 100cm: B % & B
1.1m

T 357 405 B 57.67 KN/mm
T ot 55 & 1031 kN

e E’?‘?}Lé« R ¥ e =
e 150cm - B % 3 A
1.1m

I 3947 4o B 69.57 KN/mm
T o) 55 & 1257 KN

(FR il : hF g gEm)
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%2 % DIANAHHAFH © =% 312 38

26-2 e BriiggEesir s

Ee®rv
B R 4m k3 3.75m | MR = [ 90x275cm
=T 30x50cm | ®& = <t: | 25x50cm | # B ¢ = < | 100x150cm

I 324 4 B 66.0 KN/mm
T 3o 5 B 795 kN

P4 > BB = B4 ® 50cm

T yo4- 42T B 57.02 KN/mm
T yoipl e 55 B 896 KN

Btaallm: F”E’T‘j;g
Pl % BB Bl4g 100cm

T 32z 4.5 B 56.91 KN/mm
T iaple g & 971 KN

R ja.?
Wﬁ’3311Wﬁ

)

=
<l
wE
.
~

3

-
%

T 3oie 4T B 62.91 KN/mm
T 3ol 55 & 899 KN

B%aE 1l4m: rﬂ?fi—g
Bl > ¥ BEZ B4 e 50cm

T 32z 45 B 54.88 KN/mm
T 3aple s & 832 KkN

BE3AE14m > F'“?T‘:Lé«
B4 ¥ BB = B4 ® 100cm

T 3oie 4w B 59.14 KN/mm
T yoip) e 55 B 988 KN

BE 3R 1M F'“?T‘:Lé«
Pl TR Rl

=

T a3 4aT B 79.63 KN/mm
T afp|d 55 B 1047 kN

BEsaLlLim> F’“?T‘jl"é
P4z & BE= R4 g 50cm

T 3o~ 403 B 70.3 KN/mm
T iaiplw 9 & 935 kN

ele i feftlilnle |

BE 3R 1M F"’?T?jL‘é«
P4 ¥ BB P4 o 100cm

T 19445 B 66.46 KN/mm
T 3w g & 1040 KN

2
3

)’-‘\-

—~
R

A )
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Mk SR WEEE L AR T 2 W R TS

dA T SEER FRET B - F AL BB B

BoARE Lo H T 0T R AR o ST 2t P L e pF € bR 1)

X

FxBolihe d S FHhe IR S 2 Bl 75 Tt i

SR R TR RERR(TR AT B &

2B

&

A BT E R

= 4 & 150cm

A7 4555 & 81.6KN/mm
5 & 1363kN

26-3 3BT -+twipidEs
e B 4m wE . 3.75m T << | 90x275cm
SERRE 30x50cm e | 25x50cm | ¥ B o = < [ 100x150cm
By <% i < e
SR TRES ok R T R
i BT3B 56.37KN/mm 80.11kN/mm
E 1.1m 58 & 906.1kN 5 & 1462kN
F’“?f.‘z?ﬁr Pl § 8B A7 0 R A4 Th B
= R4L® 50cm > 55.07kN/mm 65.18kN/mm
B%3 A 1Llm 52 & 930.4kN 7% B 1124kN
e B‘fjr—"é' Bl R A7 4T R b B
= 4 e 100cm - 63.34kN/mm 52.0kN/mm
B%3 A 1Llm 58 & 1094kN ip)4a 32 B 967.2kN
e %f.‘z?& B4 ¥ BE

A7 4o T R
57.55kN/mm

3 & 1150kN

(FHR XA 27 FR)
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DIANA sic# 2 17 B v = 8 b4 2 3258

564 FoBr Lo BB
E 4m k. 3.75m R 90x275cm
TR 30x50cm w4 | 25x50cm | F R ¢ R+ 100x150cm
Br ey + % B4R = w 3t
FERA LMY f_“’ 4w B 57.0KN/Mm | dv 4o B 74.1KN/mm
L 5 7 785.6kN 5 & 804.5kN

FEBAR 1.lm’F"j'fﬁ§E.*é«

B4 ¥ 8Bz pl4is 50cm

A7 U R
56.57kN/mm
7 & 871.4kN

A7 U R
57.48kN/mm
7 & 920.7kN

F#“E“%Eil.lm’ﬁ‘?ﬁ:;é

A7 U TR
54.18kN/mm
7 & 1009kN

A7 U TR
59.66kN/mm
7 & 933.6kN

A7 U R
57.15kN/mm
% B 734.7TkN

A7 U TR
68.67kN/mm
72 B 1064kN

&“?%&1.4m’ﬁ?fj;4r

R4 & BE = B4 ® 50cm

A4S R
53.36kN/mm
7 B 782.5kN

#7405 K 56.4kN/mm
5 & 881.2kN

&“?%&1.4m’ﬁ?fj;4r
B> FEEZ B

100cm

A4S R
71.71kKN/mm
7 B 1159kN

A4S R
46.57kN/mm
7 B 909.8kN

DR
60.89kN/mm
5 & 792.8kN

A4S R
98.37kN/mm
58 & 1302kN

=1
=1
-l
=1
=1
-l
-1
=]

B4 BEZ R4 ® 50cm

A7 A TR
69.02kN/mm
72 & 1029kN

A7 b TR
71.58kN/mm
7% B 841kN
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CE R SN S L NS ERRE SRl

PRY AT e 2 S B gl L H G R T 2 AT T

1 gl 9o 2 §42d F 4 1475 % TAF,
F, = 2982 kN

2. 3 E Y R Ay,

M,, = 7604000Nm
(mm) M (Nm) curvature dISp
(1/m)
0 0 0
200 380200 2.31435E-05 0.00023
400 760400 4.62871E-05 0.00208
600 1140600 6.94306E-05 0.00579
800 1520800 9.25741E-05 0.01134
1000 1901000 0.000115718 0.01875
1200 2281200 0.000138861 0.02800
1400 2661400 0.000162005 0.03911
1600 3041600 0.000185148 0.05207
1800 3421800 0.000208292 0.06688
2000 3802000 0.000231435 0.08355
2200 4182200 0.000254579 0.10206
2400 4562400 0.000277722 0.12243
2600 4942600 0.000300866 0.14465
2800 5322800 0.000324009 0.16872
3000 5703000 0.000347153 0.19464
3200 6083200 0.000370297 0.22241
3400 6463400 0.00039344 0.25203
3600 6843600 0.000416584 0.28351
3800 7223800 0.000439727 0.31683
4000 7604000 0.000462871 0.35201
2.46710
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45 C

3 HT A R Ay,

__ ppsin*facot?a

K, = sint a+npy, Esbwdl
PrAp\ 2
a:tan—l phn+1.57—vag
1+ppn
F
A,,=-2h
yv Kv
o T —] LEVEL
B‘y S 4 S| Il
) N T
S
Al |8 2 3 S| LEVEL
11
N VN I
i
R =| LEVEL
j O 1 O I
1
_ 1300 | 1500 | 1850 _
WClwg?FM1LEL TR
Level I

ind 2
__ppSin“acot‘a
K,y =———Eb,d

sin* a+npp,

4.73x10°3 "
14+4.73X1073x6.25

-3
_ [(473%1073x6.25+1.575 5309\ * .
Ayan = tan =47

-3
2.84x1073x6.25+1.5722722X10 "5 6\ *
2.84X10 — 600

1+2.84X1073x6.25

Ao = tan™?! <

4.73x1073 xsin* 47 cot? 47
Ky, = —
sin% 47+6.25%x4.73x10~3

2 X 10° X 150 X 4150 = 464422.9 kN

2.84x1073 xsin* 60 cot? 60
sint 60+6.25x2.84x10~3

Koo = 2 X 105 X 500 X 250 = 22942.7 kN
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Aypr= —2—h = 2982 1450 = 8.473 mm
Kp1+2XK o1 464422.9 +2X22942.7
Level 1l
-3 a4 2
Kyp = 2722272 X 10° X 150 X 1050 = 117504.6 kN
-3 a4 2
Kyg = "2 72077 2 % 105 X 150 X 1600 = 179054.6 kN
Ayprr= ——2—h = 2982 1500 = 13.062 mm
Kpa+2XK co; 117504.6+179054.6 +2X22942.7
Level 111
-3 C 3 2
K,, = 223220 " XS 47007 5 105 x 150 X 4150 = 464422.9 kN

sin* 47+6.25x4.73x1073

E, 2982

A= h= 550 = 3.214
VI 2 X Koy, | 4644229 + 2 X 22942.7 mm

Ayv= Ayvl + Ayvll + Ayv1”= 24‘75 mm

4. Determine the initial stiffness Kj,;

_5
A +A,,
2982

K= —
2,47 4+ 24.75

Kini =

= 109.556 kKN/mm
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