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@

1
2)
3
4)
5)
6)
N
8)
9
10)
11)
12)

@
D
2)

D
2)

©))
*

©

(mm)

(y s) =20.00kN/m3
(@) =35.0
(® =20 /3)=23.33
=0.00kN/m2
(y 2) =18.00kN/m3
() =25.0
© =0.00kN/m2
(Df) =2.5m
(y 1) =19.00kN/m3
(@) =35.0
©) =0.00kN/m2
(Df") =0.6m
(qa0) =300.00kN/m2
(v )=0.6
(Cb) =0.00kN/m2
3 =¢ )
(y ¢)=24.50kN/m3
( mm)
=142
=400
=258
=7,100
=1,200
=3,800
=5,800
=200
=700
=100
=5,000
=10.00kN/m2
=0.00kN/m2
=0.00kN/m2
(
(Kh)=0.0
):

142 258
0

7,1

100

8,000
100 00
1,100 \% 3,700 {
i%g
| 5,800 |
| I
5.
@
(o ck) =24_00N/mm2
(o ca) =8.00N/mm2
(o cat) =0.00N/mm2
(t al) =0.23N/mm2
@
(o sa) =160.00N/mm2
(t 0) =1.60N/mm2
6.
@ =100mm
@) =110mm
Ce d
d(mm) [ 300 | 1,000 | 3,000 | 5,000 | 10,000
Ce 1.4 1.0 0.7 0.6 0.5
Cpt Pt
Pt(%) | 0.1 0.2 0.3 0.5 [1.0
Cpt | 0.7 0.9 1.0 1.2 1.5
Cdc
a/d 0.5 1.0 1.5 2.0 2.5
Cdc 6.4 4.0 2.5 1.6 1.0
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0,1,2...1,i+1,...N)

&Lil.yliD
A (
ly(y
Ix(x

)
1 )
1 )

A=1/2 ¥ (xil yi-xi yil)

ly=-1/2 ¥ (yil-y){xi"2+1/3 (xil-xi)(xil+2 xi)}
Ix= 1/2 ¥ (xil-xi){yi"2+1/3 (yil-yi)(yil+2 yi)}

xil=x[i+1] , xi=x[i]
yil=y[i+1] , yi=y[i]

A (
W (
ly(y
Ix(x
x (
y (

A (
W(
ly(y
Ix(x

y(

) =9.00m2
)=y ¢ A =220.50kN
1 )=20.11m3
1 )=19.23m3
)=ly/A =2.235m
)=Ix/A =2.136m
) =28.27m2
)=y A =565.32kN
1 )=108.66m3
1 )=125.53n3
)=1y/A =3.844n
)=Ix/A =4.441n
) =24.50kN
) =20.00kN

x(m) y(m)
0 0.000 0.000
1 0.000 0.700
2 1.100 0.900
3 1.200 0.900
4 1.342 8.000
5 1.742 8.000
6 2.000 0.900
7 2.100 0.900
8 5.800 0.700
9 5.800 0.000

x(m) y(m)
0 2.000 0.900
1 1.742 8.000
2 2.000 8.000
3 5.800 8.000
4 5.800 0.700
5 2.100 0.900
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0,1,2...1,i+1,...N)
I[i1.yLiD

A ( )

ly(y 1 )

A=1/2 ¥ (xil yi-xi yil)

ly=-1/2 ~ (yil-yD){xi"2+1/3 (xil-xi)(xil+2 xi)}

xil=x[1+1] , xi=x[i]
yil=y[i+1] , yi=y[i]

W ) LAx( )
y ¢( ) =24.50kN
vy ( ) =20.00kN
o
©)
- A(Mm2) W(kN) ly(m3) X(m)
1. (D) 0.97 23.77 0.61 0.626
2. (©) 0.58 14.12 0.22 0.386
3. (D)) 3.05 74.72 11.65 3.819
4. (©) 2.65 64.88 10.75 4.061
5. (D) 27.35 547.00 106.91 3.909
6. (S) 24.15 483.03 99.80 4.132
1 1 2
1 2 Mg\d
3

) x(m) y(m)

0 0.000 0.000

1 0.000 0.700

2 1.100 0.900

3 1.200 0.900

4 1.200 0.000
®) x(m) y(m)

0 0.000 0.000

1 0.000 0.700

2 0.750 0.836

3 0.750 0.000
() x(m) y(m)

0 2.000 0.000

1 2.000 0.900

2 2.100 0.900

3 5.800 0.700

4 5.800 0.000
® x(m) y(m)

0 2.450 0.000

1 2.450 0.881

2 5.800 0.700

3 5.800 0.000
() x(m) y(m)

0 2.000 0.900

1 2.000 8.000

2 5.800 8.000

3 5.800 0.700

4 2.100 0.900
® x(m) y(m)

0 2.450 0.881

1 2.450 8.000

2 5.800 8.000

3 5.800 0.700
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-3. ( )
(Pp)
(Pa)
W sin(w - )-c L cos@
Pa=----—--—m oo =195_11kN
cos(w-¢ -a -0 )
q( ) =10.00kN/m2
w ( )
( )
W ( ) =374.78kN
w( ) =62.50
o ( ) =35.00
a ( ) =2.08
( a=0 )
o ( ) =0.00
c( ) =0.00kN/m2
( ) =9.019m
Ph( )=Pa cosd =195.11kN
Pv( )=Pa sind =0.00kN
y( ) =2.667m
x( ) =5.800m
 195.1IKN
(kN)
/ 62.50
\ H X y V X Hy
220.50kN 0.00kN 2.235m 2.136m 492 .80kNm 0.00KNm
565.32kN 0.00kN 3.844m 4.441m 2,173.29kNm 0.00KkNm
40.58kN —-—- 3.771m - 153.03KNm ——-
0.00kN 195.11kN 5.800m 2.667m 0.00KNm 520.30KkNm
826.40kN 195.11kN - - 2,819.12kNm 520.30KkNm
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Vo i +Cb Be

>0
<0

Fs 1.5
OK(FS 1_5)

Mr(
Mo(
vo(

e=B/2-d o1

1/3

(@

Vo
ql,q2=—__ (li
B B

91
62(

ql,q2
q1,q2  qao(

OK(
q1(
q2(

(Fs)

18m

=0.967m

=2.54

) =826.40kN

) =195.11kN

)  =0.60
=0.00kN/m2
=5.563m
(B)-2x
®)

-

©)

=2.782m

) =2,819.12kNm
) =520.30kNn
) =826.40kN

®

) =159.91kN/m2
) =125.05kN/m2

) =826.40kN
=5.800m
=0.118m

)
) qa0(=300kN/m2)
) qa0(=300kN/m2)

(€)

159.9

125.0:
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(qu)

qu=a K cNcSctk g Ng Sg+1/2 y 1 B Be Ny

Sy =791.74kN/m2

qu ( ) =791.74kN/m2
y 1( ) =19.00kN/m3
Yy 2( ) =18.00kN/m3
( )
Df ( ) =2.500m
DF"( )=0.600m
c ( ) =0.00kN/m2
q ( ) =y 2 Df =45_00kN/m2
Be ( )=B 2 eB =5.563m
B ( ) =5.800m
eB( ) =0.118m
a ( =1+0.3 Be/L) =1.30
B( =1-0.4 Be/L) =0.60
( ) =5.000m
(Be/L>1 ,Be/L =1 )
K ( =1+0.3 Df"/Be)=1.032
Nc,Ng,Ny ( )
(0} (tand )
Nc =27.5
Ng =19.7
Ny =13.3
?( ) =35.0
tand ( )=HB V =0.236(=13.3 )
HB( ) =195.11kN
vV ( ) =826.40kN
Sc,Sq,Sr(
Sc =c"M\ =1.000
Sq =q"" =0.606
Sy =B* =0.564
A, Lu( )= -1/3
c"= ¢c/10 =1.000 ( ,1 ¢ 10)
q"= g/10 =4.500 ( , 1 g 10)
B"=Be/1 =5.563 ( ,1 BY)
Vo qu
—_———— qa R
Be n
Vo( ) =826.40kN/m
Be( )=5.563m
Vo/Be =148.54kN/m2
ga( )=263.91kN/m2
qu( ) =791.74kN/m2
n( ) =3
0K( )
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10.00kN/m2

OkN

w =62/50

150.90kN/Mm2

125.05kN/m2

=35.00
=62.50
=2.08

a=0.00 )

) =0.00

) =0.00

o’ o/

=195_11kN
=0.00kN

=159.91kN/m2
=152.70kN/m2
=147 .89kN/m2
=125.05kN/m2
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-1-1. ( )
1.
c
@ ©
(H=7.100m)
(Pa)
P @
W sin(w-¢ )-c L cos@
Pa=---——--mm oo =149.17kN
cos(w - -a -0 )
Ph( ) =Pa cos(d +a ) =134.74kN [ ]
Pv( ) =Pa sin(d +a ) =64.02kN
Ph
Kh( e =0.267
1/2 y s H"2
Pv
Kv( e =0.127
1/2 y s H"2
( ) =356.91kN
w ( ) =59.70
? ( ) =35.0
a ( ) =2.08
o ( ) =23.33
c ( ) =0.00kN/m2
( ) =8.223m
y s( ) =20.00kN/m3
(b « ) [ ]
(H=7.100m)
Q) ®
M( ) =Ph h =318.88kN m
S( ) =Ph =134.74kN
Ph( ) =Pa cos(d +a ) =134.74kN
h ( ) =2.367m
H=1/4 H=2/4 H=3/4
1.775m 3.550m 5.325m 7.100m
8.42kN 33.68kN 75.79kN 134.74kN
0.592m 1.183m 1.775m 2.367m
4_98kNm 39.86kNm 134.53KkNm 318.88kNm
19.57kN 43.49kN 71.75kN 104.37kN
0.00kN 0.00kN 0.00kN 0.00kN
0.855m 1.657m 2.420m 3.156m
0.00kNm 0.00kNm 0.00kNm 0.00kNm
0.00kN 0.00kN 0.00kN 0.00kN
0.000m 0.000m 0.000m 0.000m
0.00kNm 0.00kNm 0.00KkNm 0.00kNm
> 4_98kNm 39._86kNm 134.53KkNm 318.88kNm
2 8.42kN 33.68KkN 75.79kN 134_74kN
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-1-2. : ( )

©)

y (As) D320250:4. 72N/mm2
AS=—mm e =3,170mm2
o sa (d-x/3)
o sa( )=160.00N/mm2
X
6 M 15
X3-3d X2~ (=nmmmmmm ) (x-d)=0 m
ogsab
X=214mm
=D32mm =@250mm
3,177mm2
2 M
oc( )= - =4_72N/mm2 (o ca=8.00N/mm2)
b x(d-x/3) (m)
d-x
o s( )=n ¢ ¢ ------=159.75N/mm2 ( o sa=160.00N/mm2)
X
Sh
T m( )=——————- =0.16N/mm2 ( 1 a=0.31N/mm2)
bd
T a( )=t al Ce Cpt=0.31N/mm2
M( ) =318.88kN m
b( ) =1,000mm
d( - ) =700mm
15 As 2b d
e -1+ (Q------- ))=215mm
b 15 As
M
Sh( )=S ----- (tanf +tany )=109.07kN
d
S« ) =134.74kN
tanp ( ) =1.15
tany ( ) =2.08
T al ( =0.23N/mm2
Ce ( d ) =1.171 (0.5 Ce 1.4)
Pt ( ) =0.454%
Cpt ( )=1.154 (0.7 Cpt 1.5)
- H=1/4 H=2/4 H=3/4
1.775m 3.550m 5.325m 7.100m
0.500m 0.600m 0.700m 0.800m
4_98KkNm 39.86kNm 134 .53kNm 318.88kNm
() 8.42kN 33.68kN 75.79kN 134.74kN
(sh) 7.72kN 29.19kN 63.16kN 109.07kN
80mm2 527mm2 1,523mm2 3,170mm2
1,588mm2 1,588mm2 3,177mm2 3,177mm2
@ D32@500 D32@500 D32@250 D32@250
0.24N/mm2 1.32N/mm2 2.57N/mm2 4. 72N/mm2
8.68N/mm2 55.05N/mm2 79.21IN/mm2 159.75N/mm2
0.02N/mm2 0.06N/mm2 0.1IN/mm2 0.16N/mm2
0.34N/mm2 0.30N/mm2 0.34N/mm2 0.31N/mm2
Ce 1.343 1.286 1.229 1.171
Pt(%):Cpt 0.397%:1.097 0.318%:1.018 0.529%:1.218 0.454%:1.154
0K 0K 0K 0K
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-1-3. : ( )

®
(As) 1/2
(L) (3509 ) - L1+35¢
1/2 -L2
( (As) 1/2 )
@ (L1 )
As My
e @
2 o sa (d-x/3)
@ [ y=5.410m]
L1=h( )-y =1.690m L1( )
L1+35@ =2.810m
h( ) =7.100m
o ( ) =32mm
(b) (L2 )
o sa d-x
---=—==N 0 C -----—- (@)
2 X
@ [ y=4.100m]
L2=h( )-y =3.000m
As/2=1588mm2 +170mm2
x 10 (mm2)
As ( ) =3,177mm2
Khys
My ( )z--mmmee- y™3
6
o sa( ) =160.00N/mm2
d ( )
L2( )
2 My
0O CE————————————-
b x (d-x/3)
15 As/2 2bd
Xz mmmmmen [-14V (L#=-mmmmm- )
b 15 As/2
Kh ( ) =0.267 (m)
ys( ) =20.00kN/m3
y «( )
(Lo)
a/2=8(.00N/mm2 ~50N/mm2
Lo( Y=Max(L1+35¢ ,L2)=3.000m o8 = m

x 10 (N/mm2)
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-2-1. : ( )
(b)
(As)
€))
® M
AS=mcm e =834mm2
(H) H/2 o sa (d-x/3)
S=-Wc+Qs =104.13kN
Mo( ) =99.78kNm
We( ) =14.12kN o sa( )=160kN/m2
Qs( )=Ls (q1+g3)/2=118.25kN d ( - ) =790m
Ls( H/2 ) =0.750m
ql( ) =159.91kN/m2 X
q3( H/2 ) =155.41kN/m2 6 M 15
x"3-3d x"2-(-------—- ) (x-d)=0
M) ogsab
M=-Wc x1+Qs x| =99_78KkNm X=128mm
=D19mm: =@250mm
We( ) =23.77kN (A) 1,146mm2
Qs( =Lo (ql+g4)/2=187_57kN
Lo(ql g4 ) =1.200m
q4( ) =152.70kN/m2
x1(We ) =0.574m
x2(Qs ) =0.605m 2 M
o c( )= - =1.81IN/mm2
b x(d-x/3)
d-x
o s( )=noc ----- =117.58N/mm2
X
D19@250:1.81N/mm2
kN/m2
¢ ) =99.78KNm
b( ) =1,000mm
159.91 152.70kN/m2 ———— d( - ) =790mm
15 As 2bd
X==—mm- -1+ (Q+--—-—-- ))=149mm
( tH/2 ) b 15 As
H/2 V(kN) x(m) Vx(kNm) ( H/2 )
—_ —_ 1412 — —_ T m( )=S/(b d)=0.13N/mm2
159.91 | 155.41 | 118.25 -—- -—- s( ) =104.13kN
--- --- 104.13 --- --- d( - ) =726mm
Pt( )=A/(b d)=0.158%
( ) « o)
V(KN x(m Vx(KNm tca
(N ) (km) T ca=T1 al Ce Cpt Cdc =1_11IN/mm2
--- --- -23.77 0.574 -13.63
159.91 | 152.70 | 187.57 0.605 113.41
163.80 | 0.609 99.78 T al( ) =0.23N/mm2
Ce ( d ) =1.156
Pt ( ) =0.158%
Cpt ( )=0.816
Cdc ( [a/d] ) =5.099
- a ( : =0.609m
99.78kNm - d ( ) =0.790m
104.13kN ---
834mm2 — [ 10 1]
1146mm2 -—
0 D19@250 -—-
1.81IN/mm2 8.00N/mm2
117 .58N/mm2 160.00N/mm2
0.13N/mm2 1.11IN/mm2
0K -—-
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-2-2. S ¢ )(

@
®)
(H) H/2
S=Wc+Ws+Wg+Pv-Qs =128.77kN
We( ) =64.88kN
Ws( )=Ays =483.03kN
A( ) =24.15m3
y s( ) =20.00kN/m3
Wg( ) =33.50kN
Pv( ) =0.00kN
Qs( )=Ls (q2+q8)/2=452.65kN
Ls( ) =3.350m
q2( ) =125.05kN/m2
q8( ) =145.19kN/m2
o

M=Wc x1+Ws x2+Wq x3+Pv x4-Qs x5=294_53kNm

We( ) =74.72kN

Ws( )=Ay s =547 .00kN
A( ) =27.35m3

vy s( ) =20.00kN/m3

Wa( ) =38.00kN

Pv( ) =0.00kN

Qs( )=Ls (g2+g5)/2=518_59kN
Ls( ) =3.800m
q2( ) =125.05kN/m2
q5( ) =147.89kN/m2

X1l x7

x1=1.819m:x2=1.909m
x3=1.900m:x4=2.533m
x5=1.847m

//////939@250:4.03N/mm2
—_—

kN/m2
145 . 19kN/m2
125.05kN/N2
 147.8%kKNM2 ————
( )

H/2 V(kN) x(m) Vx(KNm)

17.15 21.59 64.88 --- ---

-—- -—- 483.03 --- ---

--- --- 33.50 --- ---

0.00 0.00 0.00 -—- ---

125.05 | 145.19 | -452.65 -—- -—-

--- --- 128.77 --- ---

( )

V(kN) x(m) Vx (kNm)
17.15 22.05 74.72 1.819 135.93
-—- -—- 547.00 1.909 1044.23

-—- -—- 38.00 1.900 72.20

0.00 0.00 0.00 2.533 0.00
125.05 | 147.89 | -518.59 | 1.847 -957.84
-—- -—- 141.13 2.087 294.53
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-2-3. ( )( )
(b)
(As)
M
AS=—-———mmmm =2,557mm2
o sa (d-x/3)
Mo( ) =294 .53kNm
o sa( )=160kN/m2
d ( - ) =790mm
X
6 M 15
x"3-3d x"2-(-------- ) (x-d)=0
gsab
x=210mm
=D29mm: =@250mm
(A) 2,570mm2
«c - )
2 M
o c( S-—mmm——————-=4_03N/mm2
b x(d-x/3)
d-x
o s( )=n o ¢ ------=163.36N/mm2
X
M( ) =294 .53kNm
b(C ) =1,000mm
d( - ) =790mm
15 As 2b d
X=-———- -1+ (Q+---—--- ))=208mm
b 15 As
( H/2 )
T m( ) =S/(b d)=0.17N/mm2
S( ) =128.77kN
d( - ) =771mm
Pt( )=A/(b d)=0.333%

T ca=T1 al Ce Cpt Cdc

T al(
Ce (
Pt (
Cpt (
Cde (

a (
L (
te(

d (

(t ca)
=0.27N/mm2

) =0.23N/mm2
=1.131
) =0.333%
)=1.033
[a/d] ) =1.000
)=L+min(tc/2,d) =2.487m
) =2.087m
) =0.800m
) =0.790m

[ Il 1

294 _53kNm

128.77kN

2,556.70mm2

2,569.60mm2

D29@250

4 _03N/mm2

8.00N/mm2

163.36N/mm2

160.00N/mm2

0.17N/mm2

0.27N/mm2
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