
BAB VIII

PERENCANAAN STRUKTUR PORTAL BETON BERTULANG DENGAN

DAKTILITAS TERBATAS

Pada bab ini merupakan kelanjutan dari bahasan analisa struktur sebelumnya.

Untuk perencanaan daktilitas terbatas meliputi momen rencana balok, penulangan

lentur balok, gaya geser rencana balok, penulangan geser balok, momen rencana

kolom, penulangan lentur kolom, gaya geser rencana kolom, dan penulangan geser

kolom. Struktur, pembebanan dan Iain-lain diambil sama dengan perhitungan daktilitas

penuh, sehingga gaya-gaya dalam yang dihasilkan analisa struktur tetap dapat dipakai.
Khusus untuk gaya gempa diberi faktor pengali 2 (K = 2,0).

8.1 Desain Balok

8.1.1 Momen Rencana Balok

Momen rencana balok dihitung berdasarkan tipe-tipe pembebanan menurut SK SNI

T-l5-1991-03 adalah sebagai berikut.

Mul = l,2MD+l,6ML

Mu2 = 1,05 ( MD + 0,9ML + MGk,)

M„i = 1,05 ( MD + 0,9ML + MGka)

M,4 = 0,9 (MD + MGk,)

A/„5 = 0,9 ( MD + MGka )

Contoh perhitungan diambil pada Balok lantai 1 tumpuan kiri:

Diketahui:

MD = - 130,9800 kN ; ML = -71,3500 kN

MGki =432,3000 kN ;MGka = -428,8800 kN

Mu = 1,05 (MD + 0,9ML + MGka)

= 1,05 (-130,9800 + 0,9.(-71,3500) + (-428,8800)) = -655,2788 kN

Hasil perhitungan momen rencana balok lainnya disajikan pada Tabel 8.1.
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Tabel 8.1 Momen Rencana Balok Daktilitas Terbatas (Satuan kNm)
Por

tal

No. Elrr

Balok

Letak

Momen

M mati M hidup M Gempa Mul Mu2 Mu3 Mu4 MuS Balok
MD Ml MGki MGka

[1] PI [3| Ml [51 [61 m 181 (91 M0l [111 [121 [131
As1 25 Tump ki -27,3300 -2,4300 162,4200 -161,3000 -36,6840 139,5482 -200,3579 121,5810 -169,7670 Sloof

dan Lap 12,2700 1,6300 162,4200 158,5200 17,3320 184,9649 180,8699 157,2210 153,7110
As 6 Tump ka -22,8500 1,6300 -159,3000 158,5200 -24,8120 -189,7172 143,9939 -163,9350 122,1030

26 Tump ki -24,9300 -0,0300 157,5400 -157,3800 -29,9640 139,2122 -191,4539 119,3490 -164,0790
Lap 12,3900 -0,0300 157,5400 157,5400 14,8200 178,3982 178,3982 152,9370 152,9370
Tump ka -24,9300 -0,0300 -157,3800 157,5400 -29,9640 -191,4539 139,2122 -164,0790 119,3490

27 Tump ki -22,6500 1,6300 158,5200 -159,3000 -24,8120 143,9939 -189,7172 122,1030 -163,9350
Lap 12,2700 1,6300 158,5200 162,4200 17,3320 180,8699 184,9649 153,7110 157,2210
Tump ka -23,3300 -2,4300 -161,3000 162,4200 -31,8840 -196,1579 143,7482 -166,1670 125,1810

28-30 Tump ki -130,9800 -71,3500 432,3000 -528,8800 -271,3360 248,9603 -655,2788 271,1880 -503,8740 Balok

Lap 77,8100 42,9700 432,3000 400,8400 162,1240 576,2222 543,1892 459,0990 430,7850 Lantai1

Tump ka -145,7200 -80,6300 -403,0400 400,8400 -303,8720 -652,3934 191,6807 -493,8840 229,6080
31-33 Tump ki -144,1700 -79,3600 382,7800 -382,3600 -299,9800 175,5453 -627,8517 214,7490 -473,8770

Lap 71,8900 39,5500 382,7800 382,7800 149,5480 514,7783 514,7783 409,2030 409,2030
Tump ka -144,1700 -79,3600 -382,3600 382,7800 -299,9800 -627,8517 175,5453 -473,8770 214,7490

34-36 Tump ki -145,7200 -80,6300 400,8400 -403,0400 -303,8720 191,6807 -652,3934 229,6080 -493,8840
Lap 77,8100 42,9700 400,8400 432,3000 162,1240 543,1892 576,2222 430,7850 459,0990
Tump ka -130,9800 -71,3500 -428,8800 432,3000 -271,3360 -655,2788 248,9603 -503,8740 271,1880

37-39 Tump ki -139,1000 -76,3000 401,2600 -398,8000 -289,0000 203,1645 -636,8985 235,9440 -484,1100 Balok

Lap 76,4700 42,0700 401,2600 375,7200 159,0760 541,3727 514,5557 429,9570 406,9710 Lantai 2

Tump ka -140,0800 -77,3600 -377,2800 375,7200 -291,8720 -616,3332 174,3168 -465,6240 212,0760
40-42 Tump ki -143,6600 -79,0700 365,9000 -365,5600 -298,9040 158,6309 -609,4022 200,0160 -458,2980

Lap 72,4000 39,8400 365,9000 365,9000 150,6240 497,8638 497,8638 394,4700 394,4700
Tump ka -143,6600 -79,0700 -365,5600 365,9000 -298,9040 -609,4022 158,6309 -458,2980 200,0160

43-45 Tump ki -140,0800 -77,3600 375,7200 -377,2800 -291,8720 174,3168 -616,3332 212,0760 ^165,6240
Lap 76,4700 42,0700 375,7200 401,2600 159,0760 514,5557 541,3727 406,9710 429,9570
Tump ka -139,1000 -71,3500 -398,8000 401,2600 -281,0800 -632,2208 207,8423 -484,1100 235,9440

46-48 Tump ki -142,1900 -77,8400 318,5400 -316,8200 -295,1720 111,6087 -555,5193 158,7150 -413,1090 Balok

Lap 76,5000 42,0800 318,5400 298,1800 159,1280 454,5576 433,1796 355,5360 337,2120 Lantai 3

Tump ka -136,9400 -75,8100 -299,3000 298,1800 -285,6240 -529,6925 97,6616 -392,6160 145,1160
49-51 Tump ki -143,5600 -79,0100 294,7000 -294,3600 -298,6880 84,0326 -534,4805 136,0260 -394,1280

Lap 72,5000 39,9000 294,7000 294,7000 150,8400 423,2655 423,2655 330,4800 330,4800
Tump ka -143,5600 -79,0100 -294,3600 294,7000 -298,6880 -534,4805 84,0326 -394,1280 136,0260

52-54 Tumpki -136,9400 -75,8100 298,1800 -299,3000 -285,6240 97,6616 -529,6925 145,1160 -392,6160
Lap 76,5000 42,0800 298,1800 318,5400 159,1280 433,1796 454,5576 337,2120 355,5360
Tump ka -142,1900 -77,8400 -316,8200 318,5400 -295,1720 -555,5193 111,6087 -413,1090 158,7150

55-57 Tump ki -140,1800 -75,7700 223,0000 -214,2000 -289,4480 15,3584 -443,7017 74,5380 -318,9420 Balok

Lap 77,4500 42,8400 223,0000 201,6800 161,4840 355,9563 333,5703 270,4050 251,2170 Lantai 4

Tump ka -137,0600 -76,3600 -207,4000 201,6800 -286,6480 -433,8432 -4,3092 -310,0140 58,1580
58-60 Tump ki -143,4000 -78,9700 206,5800 -205,4600 -298,4320 -8,2877 -440,9297 56,8620 -313,9740

Lap 72,6600 39,9300 206,5800 206,5800 151,0800 330,9359 330,9359 251,3160 251,3160
Tump ka -143,4000 -78,9700 -205,4600 206,5800 -298,4320 -440,9297 -8,2877 -313,9740 56,8620

61-63 Tump ki -137,0600 -76,3600 201,6800 -207,4000 -286,6480 -4,3092 -433,8432 58,1580 -310,0140
Lap 77,4500 42,8400 201,6800 223,0000 161,4840 333,5703 355,9563 251,2170 270,4050
Tump ka -140,1800 -75,7700 -214,2000 223,0000 -289,4480 -443,7017 15,3584 -318,9420 74,5380

64-65 Tump ki -55,7000 -18,6400 78,4600 -71,2000 -96,6640 6,2832 -150,8598 20,4840 -114,2100 Balok

Lap 49,7200 16,4000 78,4600 68,2200 85,9040 150,0870 139,3350 115,3620 106,1460 Ring
Tump ka -52,7900 -13,3500 -72,9600 68,2200 -84,7080 -144,6533 3,5857 -113,1750 13,8870

66-67 Tump ki -60,2300 -15,8800 73,2000 -72,3200 -97,6840 -1,3881 -154,1841 11,6730 -119,2950
Lap 54,9100 16,5200 73,2000 73,2000 92,3240 150,1269 150,1269 115,2990 115,2990
Tump ka -60,2300 -15,8800 -72,3200 73,2000 -97,6840 -154,1841 -1,3881 -119,2950 11,6730

68-69 Tump ki -52,7900 -13,3500 68,2200 -72,9600 -84,7080 3,5857 -144,6533 13,8870 -113,1750
Lap 49,7200 15,4000 68,2200 78,4600 85,9040 139,3350 150,0870 106,1460 115,3620
Tump ka -55,7000 -18,6400 -71,2000 78,4600 -96,6640 -150,8598 6,2832 -114,2100 20,4840

As 2 13 Tump ki -5,6300 -0,2400 107,3200 -107,2600 -7,1400 106,5477 -118,7613 91,5210 -101,6010 Balok

dan Lap 3,7800 0,1200 107,3200 129,5200 4,7280 116,7684 140,0784 99,9900 119,9700 Sloof

As 5

(A-B)

i ump Ka -5,4700 0,1200 -129,5000 129,5200 -6,3720 -141,6051 130,3659 -121,4730 111,6450
14 Tump ki -12,9200 -2,0500 159,0400 -158,9200 -18,7840 151,4888 -182,3693 131,5080 -154,6560 Balok

Lap 11,1700 1,8500 159,0400 198,5600 16,3640 180,4688 221,9648 153,1890 188,7570 Lantai 1

Tump ka -15,3500 -2,5400 -198,5000 198,5600 -22,4840 -226,9428 189,9702 -192,4650 164,8890
15 Tump ki -14,0200 -2,3000 160,3600 -160,3000 -20,5040 151,4835 -185,2095 131.7060 -156,8880 Balok

Lap 10,9800 1,7800 160,3600 198,1000 16,0240 181,5891 221,2161 154.2060 188.1720 Lantai 2

Tump ka -14,7800 -2,4200 -198,0200 198,1000 -21,6080 -225,7269 190,1991 -191,5200 164,9880
16 Tump ki -14,0400 -2,3000 129,2800 -129,1800 -20,5280 118,8285 -152,5545 103,7160 -128,8980 Balok

Lap 10,9200 1,7900 129,2800 159.5800 15,9680 148,9016 180,7166 126,1800 153,4500 Lantai 3

Tump ka -14,7100 -2,4100 -159,5200 159,5800 -21,5080 -185,2190 149,8361 -156.8070 130,3830
17 Tump ki -13,6900 -2,2100 91,0600 -87,0400 -19,9640 79,1501 -107,8550 69,6330 -90,6570 Balok

Lap 11,0400 1,8200 91,0600 105,5200 16,1600 108,9249 124,1079 91,8900 104,9040 Lantai 4

Tump ka | -14,8100 -2,4400|-105,5000[ 105,5200 -21,6760| -128,6313 92,9397 -108,2790 81,6390



©x
O

C
l

ora
C

D

C
O

5
8-

ro
S

C
O

<
c
o

c
n

.
¥

C
O

C
O

—
1

C
N

iS
ro

C
O

_
l

<
o

1
-

ro
ro

C
Q

_
J

x
t

iS
ro

c
a

-
j

3
8-

ro
JS

C
O

<

°
1

ro
£

m
in

pC
O

—
i

1
0

5
C

N

o
o

o
c
d

i
n

c
o

r
v

c
o

in
r
v

c
d

r
v

o
"

in"
lo"

x
f

L
C

I
x

f

o
o

o
cm

t
v

m
C

O
C

O
x

-
L

O
C

O
x

f

C
N

cn"
co"

i
n

i
n

i
n

O
O

O
O

N
O

)
N

O
IT

)
c
o

-<
t

c
n

xr"
in*

co"
?

**:
°

o
o

o
l
o

a
t

a
t

c
o

o
x

-
C

O
C

O
C

O

lo"
r-."

co"
x

r
C

O
C

D
C

N

o
o

o
C

O
C

O
s

C
M

c
n

C
N

tv
tv

.
cm

xr"
cn"

t-"
C

D
N

i
n

O
O

O
c
o

t
n

*
-

i
n

c
n

o
c
o

-sr
c
o

r--"
co"

cm"
t

C
O

N
C

N

o
o

o
C

O
S

C
D

C
D

r
-

C
M

t
C

M
C

O

CO"
CM*

CO*
Cij)

CO
x

f

o
o

o
c
o

c
n

r—
t
-

i
n

c
o

c
o

-*r
c
o

CO*
CM*

co'
o

i—
i
n

C
M

o
o

o
•<3-

C
N

C
D

c
o

r
-
.

i
r

C
O

C
O

C
O

o
"

o
"

C
O

L
O

L
O

•»-

O
O

O
x

f
X

T
C

O
t
n

t
o

x
-

r
o

x
r

c
o

x-"
O

*
CO*

x
f

L
O

C
O

O
O

O
C

O
O

)
N

N
C

O
x

f
x

-
x

f
C

O

xf"
in"

x
f

C
O

O
C

D

O
O

O
x

f
C

M
C

O
c
o

x
-

m
O

C
O

x
-

r-~"
r-"

co"
0

0
C

N
x

-

o
o

o
x

f
C

D
x

f

O
x

f
C

M
O

L
O

Ix
-

xf"
|x-"

CO*
xr-

in
C

N

O
O

O
m

x
f

o
o

C
O

O
L

O
O

.
C

N
x-_

o*
co*

in"
O

C
O

fx
.

O
O

O
i
n

c
n

x
f

i
n

c
o

c
o

in
x

f
c
n

in"
in"

co*
C

D
m

C
M

o
o

o
c
o

c
d

c
n

C
O

tx
.

C
O

c
n

c
n

c
n

cn"
co"

lco"
c
o

tn
c
n

o
o

o
O

l
O

C
O

x
-

c
n

c
o

x
f

c
n

c
o

CD*
co"

co"
c
d

m
Y

-

o
o

o
x

-
o

m
fx-

C
O

x
-

x
-

C
M

C
N

o
"

O
CO*

C
O

C
O

N

o
o

o
x

f
C

O
C

D
O

O
C

O
m

in
x-.

co"
rv."

co*
c
o

rv
.

c
o

o
o

o
C

D
C

O
C

D
C

O
C

D
C

O
t
-
C

O
O

)

CD"
N

-"
C

N
T

-
•<

-
C

D
t^

CN
•*-

o
o

o
h

-
C

N
C

O
c
n

---r
o

o
h

-
c
o

t-"
in"

tc"
c
o

i
n

o
i
n

"xT
C

N

o
o

o
"
J

O
l
D

C
O

C
N

C
O

c
o

c
o

i
n

o
~

o
"

co"
c
n

T
c
n

i
n

"-xr
t
-

o
o

o
r
-

C
N

C
N

n
-<

r
C

N
C

D
C

O
C

O

co"
"-xT

o
"

n
n

r
r

i
n

^
C

N
i

i
i

t
'

5

-

o
o

o
c
o

tv
c
o

C
\

(
N

O
x

-
m

t
-

o
"

o
"

co"
C

O
x

r
l7>

o
o

o
o

m
r
v

0
0

)
0

co_
o

fv
co"

co'
co"

c
o

x
r

i
n

O
O

O
o

c
o

i
n

0
0

O
C

O
r
v

c
o

c
o

cn"
in"

cn"
c
o

t
r

t
-

O
O

O
c
n

r
^

c
n

C
N

C
O

C
N

O
C

M
O

m
"

in"
co"

O
C

O
C

O
C

N
C

M
'

o
o

o
c
n

c
n

m
in

c
n

o
o

v-
r^

co_
co"

m
"

co"
T

C
O

C
O

o
o

o
t
-

C
O

C
O

T
f

in
c
o

C
N

t
-
O

O
*

-ST
-st*

O
C

O
0

0
C

M
C

N
'

o
o

o
0

0
x

-
c
o

O
C

M
C

D
t-_

cn
cm

ir"
cn"

co"
m

c
d

o
>

o
o

o
C

O
C

O
t
-

C
N

C
O

C
N

c
o

^
t
n

T
-"

CO*
-<3*

L
O

C
O

cc"

o
o

o
r
r

o
o

o
C

O
C

M
C

M
C

O
O

C
O

N
-"

x-"
C

N
T

f
C

O
C

O

O
O

O
O

O
C

O
C

O
C

O
C

O
C

N
C

O
x

f

in
x

f
cn*

C
O

C
M

C
O

o
o

o
L

O
i
-
C

J
)

x
-

0
0

C
N

C
O

|x
-

C
O

co"
r-"

X
-"

C
O

x
f

C
N

o
o

o
C

O
O

C
N

C
O

C
O

C
O

m
o

a
t

a
i

m
"

rx.'
co

h-
xy

o
o

o
O

C
O

C
O

c
o

|x
-

m
a

t
c
o

i
n

o
"

co"
co"

x
-

C
N

C
O

O
O

O
a

t
c
o

c
m

c
o

x
f

a
t

C
O

C
O

x
f

C
N

x-"
CO*

a
t

o
c
o

O
O

O
x

-
tx

-
C

M
C

O
tx

-
C

N
C

O
C

O
O

cn"
x

f
r--"

x
-

i
n

c
o

o
o

o
L

O
C

N
O

T
|x

-
C

O
fx

.
fx-

C
N

C
O

in"
a:"

o
"

C
N

tO
N

o
o

o
O

O
C

N
C

O
fx-

O
C

M
m

i
n

o

co"
in"

co"
C

N
L

O
ID

O
O

O
L

O
O

fx-
C

O
x

f
C

N
x

-
O

x
-

co"
co"

o
"

C
O

r--
C

O

o
o

o
C

M
O

x
-

C
O

C
N

C
N

C
O

C
O

C
N

co"
in"

co"
C

N
c
o

rv
.

o
o

o
'-

t
o

>
"
-j

o
-<

r
h

-
C

N
K

C
O

C
N

"x-j-"
C

N
O

(N
^

t
~

-
r
-

C
N

o
o

o
m

c
d

h
-

i
n

-
^

v
-

O
-r-

t
-

cn"
m

"
o

"
•»-t

|V
X

,
-x-f

C
N

-
^

IT
)

o
o

o
o

c
o

i
n

c
o

r--
c
n

-r-
m

-<
3-

o
"

t-~
cn"

O
-xj-

C
N

C
N

-vj"
in

o
o

o
o

>
-x-r

c
n

C
O

C
O

C
O

•n-
i
n

c
n

cd"
cd~

co"
o

m
r
o

C
N

-vT
i
n

3
o

x
-

x
-

0
1

fv
x

f
i*

O
O

x
f

""•
°
.

*•".
GO*

C
O

C
N

x
f

to
io

C
N

O
O

C
O

C
O

x
r

c
o

o
a

t
"*

C
O

C
O

eo"
a

i
cm"

1
-

C
D

c
o

X
—

O
C

D
C

O
c
o

c
o

r
v

i
-

c
n

c
o

t
-

M
i
n

i-"
in"

o
'

i
n

c
o

cm

x
-

C
O

C
N

x
t

c
n

c
o

lx
.

c
n

c
n

^
j

i
n

i
n

o
"

co"
tv"

B
O

S
C

N
x

-

1
L

O
C

O
c
n

c
n

c
n

v
-

m
c
n

IT
)

N
r

N
-"

•<-"
CO*

r
-

r
-

r--
1

C
N

r
-

C
O

C
M

L
O

c
o

-*r
C

D
»

-
C

M
C

M
c
n

o
i
n

co"
in*

co"
O

I
O

C
O

C
N

r
-

O
i
-

C
O

-
»

C
D

*
-

C
O

C
M

S
.

C
N

N
C

O

lo"
<

f
cn*

r
~

t
-

c
d

1
C

N
»

-

•>
»

1
^

C
O

t
-

t
-

c
n

o
c
n

o
C

M
>

»
N

C
N

CO*
r~'

f
l

C
O

C
O

C
N

c
o

i
n

cm
C

D
h

-
C

N
K

o
m

C
O

C
O

c
o

a
i

i-."
t-~"

L
O

1
^

C
N

c
o

x
r

c
o

c
o

c
o

m
t
-

c
o

c
n

r»
co

co_
a

t
o

*
co"

t
o

C
O

x
f

x
f

1
^

.
C

O
x

f
O

C
O

L
O

O
C

O
xf

CO_
C

O
o

"
in*

o
"

x
f

c
n

rx
-

c
o

t
n

c
o

x
»

x
-

C
M

e
o

c
o

c
o

c
n

c
o

m

xf"
co"

co"
O

C
O

x
-

a
t

t--
c
o

C
O

L
O

c
o

C
O

O
O

)
O

t^_
C

N
in"

co"
m

"
x

-
C

D
C

N

C
O

C
O

C
O

o
c
n

cm
x

-
C

N
f

m
«»

o_
n."

m
"

<o"
x

-
x

-
o

x
-

C
N

C
M

C
M

C
O

C
O

O
I
O

N
C

D
C

O
C

N
0

)
C

O
C

O

CO*
x-"

xf"
c
n

c
o

x
t

c
d

c
n

c
o

x
f

O
C

O
C

D
c
n

C
N

C
M

x
f

x
-

CO*
LO*

CO*
c
n

c
o

x
f

C
N

x
f

C
D

O
O

C
D

C
D

l
o

x
f

t
n

c
i

in

co
o

"
l-x."

C
D

C
O

C
O

x
f

x
-

i
n

cm
r
-

c
p

c
o

c
n

o
x

f
co_

C
O

cn"
x

f
in"

o
c
n

c
o

C
M

X
f

tV
fV

.
C

D
x

f
x

-
x

f
C

D
O

O
O

I
S

cn"
o

"
co"

x
f

C
D

rx-

T
-

O
*

-
C

J>
C

O
T

-
C

O
O

O
o

•*-_
o_

f^T
K

r^
C

O
IO

0
0

r
-

C
N

*
r-

i
n

c
o

c
n

o
m

m
r--

-
^

<
o

C
N

C
D

a
>

o
"

in
c
n

c
d

i
n

O
)

c
d

m
-r-

c
n

h
-

c
n

c
n

c
o

r
r

o
--*

c
n

L
O

C
D

C
O

C
N

CD"
C

D
i
n

r
o

c
o

c
o

m
t
-

c
o

i
n

i
n

c
o

h
~

m
c
o

m
m

c
o

c
o

c
n

^
"

h
-

a
i

Is--
h

-
C

O
c
o

m
c
n

C
M

"5
21

C
D

x
-

T
-

x
~

C
D

x
f

t
-

c
n

a
>

C
O

O
r
-

«J*
CO*

CD
C

O
X

T
C

O

e
o

o
i
-

o
"£

m
r
-

i
n

x
-

o
_

co_
cn

cn
co"

tv
w

>
i
-

c
o

<
-
(
O

N
c
m

i
n

o
c
o

i
n

o
o

C
O

o

rv*
co"

o
"

t
i
n

x
r

o
)

c
o

c
n

e
o

o
n

-
0

0
^

*
0

"0
C

N
C

O
to"

<o"
f"

n
r
-

o
C

M
C

M
x

~

c
d

l
o

^
r

o
c
n

i
r

u
m

c
o

o
o

r^
.

cm

T
-"

00*
r-*

i
n

r^-
c
n

C
N

C
N

C
N

C
D

«
O

C
O

«
I
f

t
c
o

o
^

cn
to"

cn
c
n

K
a

t
C

N
C

M
'

»
-

-
r
-

r
^

C
O

i
t

C
M

CO
-xj

O
C

O
C

D
L

O

«-"
co"

cn*
C

O
C

O
C

M
C

N

C
O

K
C

O
r~

•>
*

c
o

c
n

c
n

c
d

C
O

I--
C

N

T
-"

T
-'

CO"
S

C
M

N
1

-
C

N

c
o

i
n

c
o

c
n

c
o

o
c
o

c
o

in
T

C
O

C
O

tt"
co"

t"
l
o

r--
c
n

x
f

x
f

C
O

x
f

C
O

C
D

C
O

C
O

C
D

CD_
00

CJO
xf"

N
T

CD*
C

D
t

x
f

c
o

rx-
o

o
x

-
x

f
C

O
c
o

N
-

C
O

rx
,

o
>

x
-

x-"
N

-"
CO*

x
f

i
n

x
f

i
n

m
c
o

O
|x

.
tx-

c
n

e
o

c
n

CN
CT>_

|x-
co"

co'
cn*

x
f

C
O

x
-

x
~

tx
.

x
f

x
f

O
C

N
x

-
O

)
C

O
x

-
C

O
L

O

xf"
cm"

CO*
x

-
C

O
|x

-

c
o

c
d

i
n

tx
-

C
D

C
N

C
D

fx-
C

O
m

cm
c
o

tx-"
O

"
CM*

O
C

M
x

-

C
O

C
O

C
O

C
D

c
o

c
n

O
C

M
C

O
x

f
C

D
C

O

CO"
O

*
x

f
c
o

c
o

c
n

x
f

O
)

C
O

c
o

rx-
c
n

L
O

x
f

C
N

N
C

O
C

O

co"
in"

co"
x

f
C

O
C

O

c
n

x
f

cm
O

x
f

o
r—

x
-

x
-

r—
o

c
o

xf"
C

N
xf"

x
f

C
O

C
D

C
D

x
-

L
O

C
D

r--
C

N
x

-
x

-
C

D
C

O
x

-
C

N

x
f

CO"
CO*

c
n

o
c
n

t
-

fv
.

C
O

C
N

C
D

C
O

c
n

cm
x

-
m

C
O

s

co"
cn"

cn"
C

O
x

f
C

O

o
o

c
n

r
-

o
C

O
*=

f
N

-
-<

*
c
o

r
r

•*

h-"
C

O
'C

N
v

-
-x-r

c
n

t
-

•*-
C

N

<
D

C
O

(N
o

o
c
o

-^
r

m
o

o
c
m

C
O

»N
C

M

•*-"
oo"

<
o"

•^r
r
-

r
^

C
N

lO
C

O

r
-

-
s
-

v
-

c
o

o
i
n

O
C

O
C

O
h

-
m

c
q

co"
rC

*xvt
c
o

c
o

i
n

-r-
i
n

C
D

c
o

m
c
d

o
•«-

r-».
O

C
O

o
o

i
n

-«
-

m
"

co"
co"

c
n

i
n

c
o

x
-

i
n

c
d

3

3
C

O

O
O

O
C

O
C

O
C

O
f
v

C
O

r
-

x
f

O
O

co"
co"

C
O

O
O

O
C

O
x

r
C

M
c
m

o
a
>

i
n

i
t

i

x-"
LO*

CN*

o
o

o
C

M
C

N
C

N
t
v

c
n

c
n

C
O

C
O

(D

x-"
in"

x
-'

o
o

o
C

O
O

C
N

K
(
N

t
-

O
C

N
CD.

co"
in"

cd*
C

O
T

"
X

-

o
o

o
C

M
C

N
•>!•

C
O

C
O

O
C

D
C

O
C

D

in"
r--"

cn
"7

***
*V

o
o

o
C

D
C

D
C

M
h

-
L

O
x

-
O

L
O

C
O

a
i

cd"
cn"

C
O

r
-

'

o
o

o
•a-

o
c
o

C
D

C
N

C
D

C
N

-3"
r
^

CO*
CO*

CD*
'

t
-

C
O

o
o

o
c
d

•*
t

C
O

C
N

C
D

a
t

i^
-

c
o

cm
"

i--"
in

T
-

'

o
o

o
I
f

-xt
C

O
C

N
C

O
C

O
•x

t
r
-

c
o

co"
cn"

o
"

o
o

o
x

f
C

D
x

f
x

f
rx-

c
d

in
N

.
x-_

in"
co"

cn"
X

f
X

-
"

o
o

o
C

M
C

O
x

f

x
-

C
D

C
M

x
f

x
f

i
n

o
"

o
"

in"
C

M
x

f

o
o

o
C

D
O

C
N

a
t

c
o

x
-

O
C

O
C

O

CO*
CO"

x-"
C

O
x

~
'

O
O

O
C

M
C

O
C

O
t
^

x
f

C
O

O
x

f
C

O

O
"

t-"
O

*
C

M
C

O

o
o

o
C

D
x

f
x

f
x

-
0

0
x

f
cn

cn
|x-_

CO
CO*

x-*

O
O

O
C

O
C

O
x

f
c
n

in
x

f
x

f
in

c
o

co'
m

"
|x-"

C
O

x
-

C
N

O
O

O
x

f
C

N
C

O
C

O
x

-
x

-
|x

-
c
n

x
-

cn"
xf"

o
"

C
N

x
-

C
O

o
o

o
O

x
f

C
N

x
f

C
N

x
-

c
n

c
o

o

co"
in"

x
f

C
N

r
-

r
o

o
o

o
x

f
C

D
C

M
o

o
i
n

c
d

C
M

0
0

x
f

rx-'in"
xf"

o
o

o
O

x
f

x
f

C
O

O
x

f
x

f
in

cm

co"
CO*

C
O

o
o

o
C

N
C

N
C

D
r
-

1
-

r
-

h
-

O
ID

cn
in

co"
rj-

CN
CD

o
o

o
O

C
O

o
T

T
C

D
<

D
n

-
i
n

-rr

-n"
-x-f

co'
c
o

i
n

a
?

c
n

•«-
C

N

O
O

O
"xf

C
N

C
N

c
n

c
n

c
o

(O
O

)
r

o
"

••<*
C

N
c
n

-x
t

c
n

C
N

t
-

C
N

o
o

o
O

O
I

C
N

C
O

O
C

N
C

O
C

O
r--"

-cr
--J

c
n

m
c
o

C
N

-<
-

C
N

r
o

aEa
t

e>5

5co

3
E

O
O

O
o

o
o

C
M

C
O

C
O

"3-
-T

x
f

a
i

co"
co"

c
o

l
o

i
n

O
O

O
o

o
o

C
O

C
M

C
N

O
*

CM*
CN

C
D

C
O

C
O

o
o

o
o

o
o

C
N

x
r

x
r

C
O

C
N

C
M

CD"
xr"

xf"
x

r
C

M
C

N

O
o

o
o

o
o

C
O

C
O

C
O

1—
r-—

r—

<C3*
CD*

CO*
i
n

c
o

c
o

C
N

O
O

O
O

O
O

N
i
t

»
C

-
«

-
«

-

t-"
co"

co"
C

D
C

O
C

O

O
O

O
O

O
O

C
O

C
O

C
O

C
D

O
O

CO*
N

."
K

T
f

0
0

C
O

C
M

o
o

o
o

o
o

0
0

o
o

C
O

T
-

1
-

m
"

o
"

o
"

C
D

O
)

O
)

o
o

o
o

o
o

C
M

O
O

o
in

i
n

rC
co"

co'
c
n

c
d

t
o

o
o

o
o

o
o

T
T

C
O

C
O

L
O

C
O

C
O

•xf
co"

co"
m

i
n

i
n

o
o

o
o

o
o

C
O

x
f

x
f

C
O

C
M

C
M

in"
co"

co*
C

M
x

f
x

f

o
o

o
o

o
o

x
f

O
O

x
-

C
O

C
O

a
i

co"
co'

C
O

o
o

o
o

o
o

o
o

O
C

O
C

O
x

f
C

O
C

O

O
*

I-."
lx."

h
-

x
-

X
-

O
O

O
O

O
O

C
O

C
O

C
O

tx
.

C
N

C
N

CO*
CO*

CO*
r
-

x
f

x
f

o
o

o
o

o
o

C
M

C
D

C
D

m
x

f
x

f

co"
CD"

C
O

o
c
n

c
n

O
O

O
O

O
O

x
f

C
O

C
O

C
M

x
f

x
f

r^"
o

"
o

"
L

O
C

O
C

O

O
O

O
O

O
O

x
f

x
f

X
f

O
C

M
C

N
xf"

xf"
X

f"
C

D
C

D
C

O

O
O

O
O

O
O

C
N

C
M

C
M

co.
cn

cn
X

-*
CO"

CO*
c
o

m
in

o
o

o
o

o
o

0
0

C
O

C
D

O
C

O
C

O

co"
lo"

in*
c
n

c
o

c
o

o
o

o
o

o
o

O
C

D
C

O
C

D
x

f
x

f

CD*
x~"

X
-"

C
O

C
O

0
0

o
o

o
o

o
o

O
C

D
C

D
r--

c
o

c
o

o
"

in
in

C
N

C
N

C
N

t
-

C
N

C
N

o
o

o
o

o
o

C
O

C
O

c
o

O
C

O
C

O

co'
•*-'

t-*
C

N
-<

-
t
-

"vj"
-
^

-*T

o
o

o
o

o
o

O
C

N
C

N
c
o

m
i
n

o>
o

"
o

"
c
n

o
o

c
o

-x-j-
r
r

O
O

O
O

O
O

C
O

C
O

C
O

i
n

n
t

-c
r

LO"
C

N
C

N
-c

-
C

O
C

O
-•--r

-c
r

-c
r

1
<

'
'

'

§3
to

o
o

o
o

o
o

C
O

C
O

o
c
o

c
o

r
v

cd"
a

i
co"

C
O

C
O

l
o

O
O

O
O

O
O

C
O

C
D

-si-
C

O
C

O
C

O

O
*

O
*

C
N

C
O

C
O

C
O

o
o

o
O

O
O

C
O

0
0

C
M

C
D

ID
c
n

co"
id"

co"
•a

-
-"j-

c
m

o
o

o
o

o
o

o
o

x
r

C
N

c
n

c
n

X
-"

x-"
cd

L
O

L
O

0
0

C
N

C
M

'

O
O

O
O

O
O

C
O

C
O

-sT
M

V
i
n

»-"
*-~

r—
*

C
D

C
D

C
O

o
o

o
o

o
o

O
O

C
O

o
o

»
-

a
i

a
i

i<
IT

•«*
C

O
C

M
C

N
'

o
o

o
o

o
o

C
O

C
D

C
O

(N
(N

N

in"
in"

a
i

C
O

C
D

O
O

o
o

o
o

o
o

C
D

C
D

C
M

C
O

C
O

c
o

r~-"
r-."

co"
c
n

c
n

c
o

o
o

o
o

o
o

C
O

C
O

o
C

O
C

O
C

M

•xf
x

f
C

O
L

O
L

D
L

O

o
o

o
o

o
o

C
O

C
O

o
C

O
C

O
C

M

in"
in"

co'
C

N
C

M
x

f

o
o

o
o

o
o

C
O

C
O

x
f

x
-

x
-

C
O

cn
cn"

co"1
C

O
C

O
o

o
o

o
o

o
o

O
O

C
M

x
-

x
-

C
N

o
"

o
'

r--.'
r-

t-
y

O
O

O
O

O
O

0
0

C
O

O
a

t
a

t
t
-
~

co'
co"

oo"
X

-
X

-
X

f

o
o

o
o

o
o

x
f

x
f

x
f

C
O

C
O

O

fx-"
fx."

o
"

O
O

O

o
o

o
o

o
o

O
O

C
D

C
O

C
O

o

oo"
cn"

cn"
l
o

m
c
o

o
o

o
o

o
o

C
O

C
O

C
O

l
o

i
n

c
n

X
f"

X
f"

Xf"
C

O
C

O
C

O

o
o

o
o

o
o

O
O

C
N

C
D

C
D

x
f

o
"

o
"

r-'
c
d

c
d

tn

o
o

o
o

o
o

C
D

C
O

C
N

rx
.

rx
-

o

x-"
x-"

in"
o

o
c
n

c
o

o
o

o
o

o
o

x
f

x
f

x
f

x
-

x
-

c
n

in*
in"

co'
C

O
C

O
f
v

o
o

o
o

o
o

o
o

-^
r

o
>

o
>

L
O

xr-"
T

-"
LD"

C
N

C
N

C
N

t
-

-x--
C

N

o
o

o
o

o
o

C
N

c
n

•^r
c
n

c
n

-x-r

C
N

cn"
c
d

C
O

C
O

t
-

r-r
-v-r

x^

o
o

o
o

o
o

C
D

t
o

C
O

C
O

C
O

C
O

-r-"
t-"

o
"

o
o

o
v

r
-
^

x3-

O
O

O
O

O
O

C
O

C
O

C
O

c
o

c
o

m

C
N

CM"
h-"

•r-
-
r
-

C
N

-c
r

-c
r

-vj-

QL
cz

5

3
L

O

o
o

o
o

o
o

c
o

a
t

c
o

m
n

s

o
"

o
"

o
"

O
O

O
O

O
O

C
D

x
~

x
-

L
O

C
D

C
D

O
O

*
O

o
o

o
o

o
o

c
n

c
n

c
d

C
D

ID
r--

o
"

o
*

d

o
o

o
o

o
o

C
O

x
r

C
O

C
O

C
O

C
N

C
O

t-"
C

N

O
O

O
O

O
O

C
l

*
-

C
N

*"
*~

t
CM*

CM*
CO*

o
o

o
o

o
o

n
-

r-~
c
n

i
n

c
n

<
t

-f""'
t'

o
o

o
o

o
o

i
-

a
t

c
d

C
O

t
-

C
M

v"
^

Y

o
o

o
o

o
o

C
N

N
i
n

c
n

o
o

"T
™

"7

o
o

o
o

o
o

L
O

O
x

T
C

O
C

O
c
o

O
"

CM
'

x
f

o
o

o
c
o

cm
i
n

O
x

-
C

O

L
O

CM*
O

*

o
o

o
o

o
o

C
M

C
D

L
O

C
D

C
O

0
0

O
*

CM*
xf"

o
o

o
o

o
o

c
n

o
t
n

r
^

in
c
n

C
N

x-"
x-"

O
O

O
O

O
O

C
O

C
D

(N
c
o

c
o

m

x-"
X

-"
CN*

o
o

o
o

o
o

i
n

c
n

c
n

co
r^.

ix-_
o

"
x-"

x-"

o
o

o
o

o
o

c
o

in
in

c
o

i
n

i
n

o
"

o
"

o
"

o
o

o
o

o
o

C
N

C
M

IO
o

o
o

_
o

"
o

*
o

"

o
o

o
o

o
o

C
O

C
O

s
c
o

c
o

c
n

o
"

o
"

o
"

o
o

o
o

o
o

C
O

C
O

o
rx

-
h

-
C

N

o
'

o
"

o
"

o
o

o
o

o
o

f
v

fV
X

f

m
i
n

c
o

o
"

o
"

o
"

o
o

o
o

o
o

O
)

O
C

N
C

D
•«-

C
D

*—
"

co
o

i

o
o

o
o

o
o

t
-

-
^

h
-

-
r
-

C
O

h
--

co'
m

"
co"

•v-r
cn

-^xj-

o
o

o
o

o
o

C
N

C
O

C
O

•*.
^

^
h

-
co"

h~"
•-xt

C
N

"-xT

O
O

o
o

o
o

m
o

c
n

m
c
o

c
o

co"
in"

co"
-cj-

C
N

-c
r

r
o

E"S

Q3
x

f

o
o

o
o

o
o

c
n

r
v

x
f

GO
co

co.
in*

lo*
in"

c
o

c
n

c
n

C0_
C

D
03

co"
ro"

CN*

c
o

a
>

c
o

•a-
a

t
r
v

cm
"

i-o"
00

O
l

C
O

s
C

O
C

M
O

O

CN*
O

*
O

*
^

"""
"7

C
N

l
C

O
r
-

o
<

P.
"-.

^
-

T
-

O
1

>
-

C
N

x
-

r
-

c
n

L
O

r
-

r
-

CD*
-r-"

C
D

CM
v-

~

^
C

O
C

p

'--.
"
^

""-
in*

cm"
tt~

'
r
-

C
M

O
I
-
-
I
-
-

C
N

0
_

O
cn"

cm
"

co'
C

M
t
-

'

C
M

C
M

C
N

h
-

x
f

r
-

x-
co"

h_"
'

x
-

C
N

c
o

C
M

r
^

x
-

0
0

C
D

X
-"

CM*
O

"
C

O
x

-
'

r-~
x

-
rx

.
x

-
c
n

x
f

x-*
CO'

x-"
x

-
C

O

C
O

C
O

C
D

"
-

co'
*-.

C
O

x
-

C
M

C
N

'

C
O

C
O

C
N

r
-

c
o

c
n

x-"
LO*

x-"
1

x
-

C
N

o
o

o
o

o
o

C
O

O
x

f
C

O
X

-
C

O

xf"
in"

co"

o
o

o
o

o
o

x
-

C
O

C
N

S
C

N
IO

cd"
cn*

co"
C

N
x

-
C

N

o
o

o
o

o
o

C
O

o
c
o

C
O

x
f

o

xf"
CM"

lo
C

M
x

-
C

N

o
o

o
o

o
o

c
n

c
o

l
o

C
M

x
-

o

CO"
ON

t"-'
C

N
x

-
C

N
l

o
o

o
o

o
o

x
-

x
f

x
-

x
~

C
O

O

IV."
CO"

-f"

o
o

o
o

o
o

C
O

C
D

L
O

C
D

C
O

lv

co*
xr"

tn*

o
o

o
o

o
o

•^r
•*-

c
n

C
O

I"--
C

O

c
d

C
D

'"xT
'

^
7

o
o

o
o

o
o

t
^

c
n

c
n

c
n

o
t
o

co
'

in
co"

c
o

cr>
c
o

o
o

o
o

o
o

C
O

C
O

h
-

a
»

c
n

c
o

co"
cn

a
i

N
C

O
N

o
o

o
o

o
o

m
o

o
c
n

c
n

c
n

cn
*=

r
-cf

c
o

c
n

c
o

cc
ocr
a

IS
§

a>
o

--
S

s

_
ro

c
l

a

E
a
E

3
ro

3
h

-
_

l
h

-

—
r
o

-
*

.*
:

a
a

E
a

E

.
_

r
o

Q
.

C
L

E
q

.
E

^
ra

n
H

_
i

H

.
_

ro

a
a

E
q

E
D

ro
^

1
-

-
J

H

_
C

O
^

J
^

C
L

C
L

E
o.

E
D

T
O

=
J

h
-

-
J

H

.
_

co
J
C

J
i
t

o
.

a

E
c
l

E
^

ro
^

K
-
i

K

-
r
o

X
.

^

o
.

a

E
C

l
E

C
O

m
jx

:

C
L

C
l

E
O

.
E

3
ro

3
h

J
h

._
C

O

a
a

E
a

E
a

ro
z
t

h
-

_
J

\
-

-
J

«•

C
L

C
L

E
a
.

E
3

ro
=

>
h

-
-
J

\
-

.
_

ro
^

x
.

o
.

a

E
o.

E
^

ro
3

\
-

_
l

H

.
_

ro
.
_

co
j2

-*
^

j«c

c
l

a
c
l

a

E
c
,

E
E

o,
E

3
ro

^
^

co
3

1
-
J
h

H
J
h

._
ro

ca

Q
.

a
C

L
C

l

E
a

E
E

a
E

3
ro

"
j

-
j

ro
^

.
_

C
O

J
*

^

C
L

C
L

E
c
l

E
n

ro
^

1
-

_
1

I
-

ro
ca

ro
co

ro
ro

—
ro

j»c
*

z
x

:
j
*

^
-*

:
.*

:
jx

c
j*

:
.*

:
^

^
-
*

jx
:

Q
.

Q
Q

.
C

l
O

.
O

.Q
.

C
L

C
L

Q
Q

-
Q

Q
.

Q

E
q

E
E

q
E

E
q

E
E

q
E

E
q

E
E

q
E

E
q

E
3

r
o

=
i
=

i
c
o

=
3

=
)
r
o

u
r
i
c
o

3
3

c
o

3
3

f
o

^
'
3

r
o

n
3

l
-
_

l
l
-
l
-
-
J
I
-
r
-
_

l
l
-
H

-
_

l
|
-
|
-
-
J
,
-
h

-
_

J
l
-
h

-
_

J
h

-

_
J

cd

I
*

U
J

Oro
o

cc
5

c
o

c
n

oC
M

C
N

C
M

C
M

C
O

C
M

C
N

i
n

C
M

C
O

C
M

r
^

C
N

C
O

C
M

a
t

C
N

OC
O

X
f

C
M

x
f

c
o

x
f

x
f

x
f

mx
f

C
O

x
f

•dr

oi
n

C
O

i
n

in

C
O

i
n4m

<
u

X
I

ra
H

o
~~"

C
L

*"
E

cm"
LO

CD"

<
<

s

cm
c

m
O

CO
c

xf
co

ro
cn

<
-o

<





c
n

5
E

EU
J

J?

O
C

D
C

L
~

c
o

c
n

O
O

O
(
v

O
C

O
x

-
x

-
C

O
x

f
t
o

m
c
o

c
d

o
o

o

c
o

i
n

C
N

-
f

C
N

—
C

O
C

N

0
3

-
J

o
o

o
C

D
C

D
C

N
C

D
fv

C
N

i
n

m
x
-

"
x-"

CN*
c
o

r
v

x
-

o
o

o
C

N
x

f
x

-
c
o

c
n

i
n

ro
ro

C
O

-
J

_
_

O
O

O
o

O
x

f
C

M
x

~
C

O
O

C
O

C
O

C
O

O
C

O
C

O
C

N
C

N
C

O
C

N
cn

o
_

m
"

o
"

x-"
tv"

cn"
cd"

c
o

c
n

rv
c
d

o

o
o

o
C

O
C

O
C

D
C

O
O

C
D

C
N

x
f

x
f

^
o

o
tv

x
t

c
o

c
o

rv
.

lo
f
v

r
v

c
o

x-"
O

"
c
d

r
v

x
-

c
n

x
f

c
n

CD*
O

*
x

f
x

f
x

f
0

0

c
o

i
n

x
f

i
n

c
o

c
o

x
f

C
N

L
O

„
CM*

CO"
x

-
O

C
D

_
C

O
_

x
f

x
f

C
O

_
o

o
c
n

x
-

c
o

i
n

x
f

t
o

c
n

o
o

cn"
co"

cd"
x

-
O

x
f

_
o

o
to

O
x

-
C

D
C

D
C

O
C

O
O

a
i

co"
x-"

m
x

f
x

f

_
o

o
c
n

x
f

c
o

c
o

i
n

C
O

x
f

.
cm

"
rv"

o
O

C
O

c
o

<

O
O

O
C

N
x

f
C

O
x

-
C

O
C

D
c
n

x
f

x
r

O
*

O
*

f"
C

O
fv

-
x

-

to
c
o

i
n

o
c
o

i
n

C
O

p
.

C
N

in"
x

r
m

"

_
o

o
C

O
C

N
0

0
c
n

f
v

i
n

x
f

C
O

o
o

o
C

O
C

O
C

N
C

N
O

C
N

C
N

c
u

x
-

00*
xf"

x
f

x-"
O

"
C

N
C

N
C

N
C

M
C

N

-
°

s
C

N
x

-
C

D
C

M
x

f
O

xT
O

C
O

o
o

o
tD

C
O

C
N

o
c
d

i
n

_
o

o
C

N
C

N
C

N
c
o

c
n

c
n

c
n

i
n

i
n

_
o

o
o

C
O

C
O

C
D

C
D

C
D

.C
O

o
"

co"
co"

C
N

C
N

C
N

_
O

O
O

C
M

O
x

f
x

-
in

-
O

C
O

o
o

o
x

-
C

O
f
v

C
D

x
f

C
O

C
D

C
O

f
v

in"
cn"

X
-'

C
N

C
N

C
O

o
o

_
x

f
c
o

in
C

D
C

N
C

N
C

D
x

f
x

f

oC
O

c
n

m

O
O

c
o

i
n

C
D

L
O

C
D

C
O

x
f

C
N

x
r

c
o

c
o

C
N

X
-"

m
x

-
C

O
x

-
o

o
1

v

o
o

o
m

c
o

c
n

C
D

O
x

-
x

f
C

M

O
O

o
C

O
C

D
C

O
C

O
C

D
f
v

C
D

C
D

C
D

.
cn"

in"
O

C
O

f
v

x
f

x
-

C
O

O
C

N
C

O
t
n

f
v

x
-

o
C

O
L

O
C

N
x

f
C

O
c
o

O
C

N
C

D

o
o

o
C

D
L

O
—

O
O

C
N

.
c
o

c
o

i
n

O
O

O
C

O
f
v

C
D

O
f
v

C
O

C
O

o
.

o
.

c
n

c
o

c
o

C
O

o
o

a

o
o

O
C

D
c
n

i
n

C
O

C
O

x
f

C
D

C
D

C
O

o
o

o
c
o

to
c
o

0
0

C
O

f
v

C
D

O
C

O

X
-"

xf"
CO"

o
o

o
x

f
C

N
C

N
i
n

c
d

c
o

x
f

C
O

O

m
"

co"
fv"

0
0

t
o

o
o

o
o

o
o

C
D

C
D

C
D

C
D

C
D

c
n

co*
co"

o
"

C
N

C
M

C
M

C
N

C
N

C
M

C
D

C
D

C
O

i
n

t
n

c
n

C
N

C
O

C
O

i
n

c
o

o
O

x
-

C
O

C
O

C
O

C
D

O
O

C
O

fv
x

f
C

O
x

-
C

D
C

N

xf"
cn"

co"
x

-
L

O
C

N

C
M

C
O

x
f

C
O

C
O

x
f

in
o

c
d

C
O

x-_
O

*
C

O
C

O
x

-

_
o

o
C

D
C

O
C

O
-

C
O

"—
C

O

'
tv"

O

o
o

o
o

o
o

C
N

O
O

C
O

C
N

C
N

h-"
lo"

in"
'

C
O

C
O

C
O

C
O

C
O

C
O

x
-

C
N

0
0

C
O

C
O

X
-

f
v

(V

o
"

cn"
co"

C
N

C
N

o
o

C
N

C
O

O
O

•x-
C

O
C

D
"

C
O

W

c
n

w
m

0
0

x
-

o
m

t
o

x
f

f
v

C
O

to

x
-

t
n

i
n

x
-

C
O

i
n

c
d

r
v

C
N

C
O

C
O

O
C

O
C

D
C

N
O

x
-

C
O

t
v

C
O

x
f

C
N

C
O

o
o

f
v

C
O

C
D

in
co.

CD.
co"

cn"
cn"

C
N

C
N

~

x
f

.
-

i
n

c
o

x
-

x
f

C
O

C
O

C
D

C
D

C
O

o
"

in"

o
o

o
0

0
x

f
C

O
C

O
C

N
C

O

o
o

o
o

o
o

x
r

c
o

t
o

in
c
o

c
o

o
o

o
O

C
O

C
O

C
O

C
O

C
O

C
D

C
O

C
D

i
n

c
o

c
d

C
D

r
v

0
0

x
f

CO*
CO'

C
N

x
-

O
C

M
C

N
C

N

x
f

C
O

C
N

x
r

rv
c
n

C
D

C
O

O
x

-
m

o
>

L
O

0
0

C
N

C
N

C
O

C
O

x
-

x
-

x
-

x
-

C
M

C
M

x
-

m
x

f
C

O
C

O
lo

c
n

c
o

C
O

IO
'

C
M

x
-

x
~

C
N

C
N

x
-

C
N

tv
X

T
C

N
C

D
C

O
r
v

in
c
o

x
f

C
O

O

cn*
m

in"
c
o

c
n

x
-

x
-

x
-

C
N

o
o

o
C

O
x

f
C

O
x

-
c
o

C
D

r
v

x
-

x
f

o
"

m
'

cd"
C

M
'

o
o

o
o

o
o

O
C

N
C

M
f
v

C
O

C
O

„
_.

CD*
CD

cn"
_

-
-

lO
L

O
L

O
C

O
C

O
C

O
C

O
C

O
C

O

c
d

i
n

o
>

tv
C

D
xr-

C
D

C
O

C
N

cm
.in

po
co"

oo"
a

i
C

N
O

T
-

x
-

C
N

C
N

O
O

O
C

O
x

f
O

C
M

C
D

C
N

C
D

x
f

C
D

x
f

c
o

in
C

M
C

D
C

O
o

t
o

i
n

c
o

X
f"

X
-"

x
-

O
C

N
C

M
x

-

0
0

x
f

O
O

C
N

C
N

o
o

C
O

C
N

C
M

C
M

tv
C

D
—

x
-

i
n

c
o

x
-

c
n

C
O

C
O

U
l

tv
C

O
Q

o
o

"o
tv"

O
"

c
o

r
vc
o

i
n

C
O

0
0

O
C

M

_
o

o
C

N
x

f
C

N
C

O
O

C
D

-
t
o

C
O

CO*
CM

CD*

o
o

_
o

o
o

C
O

C
O

C
O

c
o

r
v

r
v

o
o

o
C

D
C

D
C

O
t
o

c
n

C
D

o
o

o
o

_
_

o
o

o
o

o
o

x
f

x
f

to
C

O
C

O
_

o
o

o
o

o
tO

to
C

N
C

N
C

N
O

tv"
rv"

cn"

o
o

o
z
o

o
C

O
C

O
o

C
O

C
O

C
O

co"
co"

co"
x

f
x

f
x

f

O
O

O
O

O
O

C
O

C
O

x
f

tO
C

D
L

O

CO*
CO*

CO*]CD
CD

O
O

O
x

-
C

O
C

D
C

O

O
O

O
O

O
O

C
N

C
N

O

_
o

o
o

o
o

C
M

C
N

O
co

co
rv

.
a

i
a

i
a

i
C

O
C

O
C

O

o
o

o
to

to
~

I
v

r
v

o
o

o
o

o
o

'
X

T
C

N

o
o

o
o

o
o

C
O

C
M

C
O

C
D

X
f

x
f

in"
cn"

tv

C
l

C
l

£
o.

£

cn
ro

cn
<

T
O

<

o
o

o
o

c
n

i
n

C
D

C
N

i
n

c
m

x
-

x-*
to"

cn"

a
a

E
c
l

E

a
t

c
n

c
o

C
O

C
O

x
-

co"
o

"

5
co

»
<

T
J

<

0
0

C
D

C
O

x
f

r
v

-

fv"
C

O
00

O
O

O
o

o
o

C
D

O
C

O
c
o

x
-

c
n

c
o

cm
i
n

CM
x-'

cm
"

o
o

o
o

o
o

c
d

in
i
n

x
f

C
D

0
0

o
o

o
o

o
o

C
O

x
-

C
N

C
O

c
o

to

o
o

o
o

o
o

O
x

f
X

f
c
o

x
-

a
t

,
x-"

CO*
C

O
C

O
C

O

a
a

Q
E

aE
a

o
o

o
o

o
o

C
N

tn
o

C
N

L
O

C
O

CO*
CO*

CO*

o
o

o
o

o
o

t
o

x
-

t
o

C
N

x
f

f
v

tv"
o

"
C

N
C

O
C

O
C

O

C
l

E
a

x—
C

D
x

-
C

D
_

T
-

x
f

C
N

IO
f
v

co"
co"

o
"

O
O

C
N

C
N

IN
x

-

C
O

tO
x

-
o

x
-

i
n

C
M

C
O

C
O

c
o

c
n

x
r

X
-"

x-"lcO
C

O
|x-

fv
C

D
C

O
x

-
©

O
C

M
O

f
-

C
O

x
f

f
v

O

o
"

to"
to

I
-

0
0

x
-

C
O

C
D

o
c
n

c
n

-x
-

r
v

x
r-

1
0

o
c
o

C
N

C
D

C
O

C
D

-
C

N
r-_

CN
CO*

to"
n

in
x

t

_
_

O
C

O
to

in
C

D
C

D
x

-
L

O

c
n

m
c
o

c
o

i
n

c
N

r
v

f
v

c
o

m
c
n

f
v

c
n

x
-
i
n

»
o

x
-
c
o

c
n

c
o

c
n

C
M

C
D

C
O

xf"
in"

xf"

C
O

C
N

C
D

x
-

c
n

x
f

x
f

f
-

X
-

C
O

C
xi

C
xi

o
O

C
O

C
O

x
f

xf*
xf

C
N

C
N

C
N

x
f

x
-

C
N

c
n

o
m

C
N

tv
c
n

x
f

[v
.

C
N

C
N

C
O

C
O

x-"
O

*
CCH

CD
O

O
in

m
in

in
tn

tn

o
o

o
x

f
C

O
C

O
C

O
C

O
C

O

C
O

C
D

O
tv

cm
lo

C
D

C
O

C
M

°
°

~
O

O
O

C
O

0
0

o
o

x
-

C
O

C
O

a
t

x
-

c
d

O
r
v

o
m

c
o

c
o

c
o

i
n

m

o
o

o
O

C
M

C
N

o
i
n

C
D

CO.
CD_

CD.
a

i
cm

"
m

*

_
o

o
o

o
o

C
O

C
O

C
O

c
o

tv
tv

"
x

f
xf"

O
C

N
T

-
o

c
o

r
-

c
o

x
f

|
x

O
C

N
C

O

co"
C

N
C

O
C

D
fv

C
O

O
O

O
C

O
O

C
N

C
O

O
r
~

O
C

D
C

O

o
o

o
o

o
o

o
o

CD
O

.
O

in"
cn"

cn"
C

N
!N

C
N

_
o

o
o

o
-

C
O

C
O

f
v

f
v

C
D

C
O

C
N

C
O

X
-

C
O

C
N

C
N

C
D

o
o

o
O

x
f

t
o

x
f

C
D

C
O

c
o

t
v

—

cn"
cn"

co
C

D
x

f
x

f

_
o

o
o

o
o

O
x

f
x

f
to

in
m

-"
xf"

xf"
C

O
0

0
C

O

o
_

_
o

o
C

O
C

O
C

M
i
n

i
n

m

o
o

O
O

-
C

O
C

O
f
v

o
h

o
-

fv"
CO"

C
O

o
o

g
o

o
o

i
n

c
o

x
-

co.
in

CO*
00*

00

o
o

o
o

o
o

0
0

x
-

C
O

C
D

0
0

C
O

CN*
O*

*f

o
o

o
o

o
o

o
t
o

c
n

C
D

C
O

C
D

C
N

C
D

oo"
co"

C
O

_
o

o
o

o
o

o
o

o
o

o
—

x
-

C
D

C
N

C
D

C
O

C
O

C
N

O
O

—

CN
x-"

X-*

o
o

o
"

o
o

.
f
v

x
f

C
D

C
O

x
-

cn"
o

"
cn"

C
M

C
O

C
O

c
n

x
r

to
C

N
C

O
O

C
N

C
O

O
x

r
C

M
f
v

o
"

co"
lo"

x
f

m
c
o

C
N

O
-
.

t
o

C
O

O
J

X
-

f
v

|X
-

c
d

c
n

o
s

o
o

o
0

0
x

f
C

N
cm

to
in

fv
C

N
—

cd"
o

"

_
o

o
o

o
o

x
f

C
O

C
D

i
n

m
m

to"
co"

to"
lo

m
in

C
D

C
O

x
f

in
m

in

O
O

O
C

N
C

N
C

M
C

O
C

O
L

O
c
n

cm
c
o

in"
a

i
co"

X
T

X
T

to

o
o

o
o

o
o

C
N

C
O

0
0

i
n

i
n

m

-
xf"

x
f

C
O

C
O

C
O

x
-

i
n

x
r

c
n

x
r

c
o

i
n

x
-

c
d

C
D

C
M

C
O

co"
oo"
f
v

C
O

o
o

_
C

M
C

O
C

N
C

O
x

f
C

D

o
o

_
o

o
o

C
N

C
N

C
D

C
N

C
N

C
D

co"
CO*

C
O

C
O

x
f

c
o

i
n

c
n

0
0

x
-

C
O

f
v

C
N

C
O

C
D

t
v

C
O

C
D

C
D

O
x

f

O
"

CD*
tv

_
O

o
o

o
o

C
M

O
O

-
o

o

o
o

cm
"

cm"
cm

o
o

o
o

o
o

c
o

r
v

c
o

x
-

L
O

x
-

o
o

o
o

o
o

x
r

x—
in

c
o

i
n

c
m

o
o

o
o

o
o

C
N

O
C

N
-

f
x

C
O

o
o

X
-"

x-"
C

N
fv

C
O

C
D

C
O

C
O

C
N

O
O

O
o

o
o

c
n

c
o

c
o

C
D

C
D

CO*
CD*

CN*
C

M
C

N
x

f

O
C

O
C

O

x-"
in*

co"

tv
r
~

c
o

x
-

C
O

C
O

O
x

-
f
v

c
o

c
j
-

o
"

cd
xf

'
O

C
O

o
o

x
f

x
f

.
O

C
D

-xf
C

D
C

D
C

O

00*
x

f
co"

m
t
v

•
-

o
o

o
o

o
o

C
O

C
N

C
N

C
D

C
N

C
M

xf"
CO"

CO"
x

f
C

O
C

O

o
o

o
o

C
N

C
M

C
O

C
O

lO
C

O

o
o

o
r
v

t
v

x
f

C
O

f
v

C
O

fv"
o

"
co"

c
o

i
n

_
x

-
i
n

c
o

c
o

c
n

c
n

x
-

C
N

o
o

o
C

N
C

M
x

f
x

-
f
v

-
C

O
C

D
C

N

o
o

o
o

o
o

C
N

C
N

IN
C

O
<

o
to

o
"

co"
to"

x
f

C
O

C
O

C
O

C
O

C
N

-
O

-
f

C
O

co"
CO"

C
O

x
-

N
-

O
C

N
C

N
x

-
C

O
—

O
O

-
x

f
C

M
C

N
o

r
v

r
v

in
c
n

c
o

o
o

o
o

o
o

x
f

c
n

c
n

x
T

x
f

C
O

cn"
in"

cm"

C
O

C
O

.
to

in"

c
n

c
o

c
n

CO"
CM*

to"

o
o

o
x

f
C

M
C

M
x

f
C

O
C

D

cn"
cn

cm
"

o
o

o
C

N
C

M
C

N

o
o

C
N

C
N

.
tv

f
v

o
C

D
C

M
in

X
-"

cn"
x

f
C

N

o
o

o
_

_
o

c
o

c
n

c
n

C
O

C
D

C
D

C
O

x
f

-

C
N

<
-

C
N

i
n

t
n

t
o

_
o

o
o

o
o

C
D

C
D

O
C

N
C

O
to

O
O

-
O

O
O

O
x

-
t
n

m
r
v

"
o

"
o

"

o
o

o
o

o
o

C
D

c
o

c
o

C
M

C
N

C
M

o
*

o
"

r
v

i
n

l
o

o
"

o
"

o
o

o
o

o
o

x
-

i
n

c
n

C
D

C
D

O
C

N
in

C
D

.
CM*

O
fv."

i
n

c
o

c
o

3
ro

3
3

ro
3

h
J

h

Q
Q

E
q

E
3

C
O

3
r
-
J
h

Q
l

Q

E
q.

E
=

>
C

O
3

I
-

-
J

r
-

a

cl
E

a
.

Q

E
a
E

a
.

a

E
q

E
a
.

Q

E
c
l

E

<
"D

<

aE
o-

E



o
°

9
C

D
x

-
C

M
O

J
CM

C
O

O
x

f

m°
°

9
C

O
C

D
C

O
o

r
i
o

C
O

x
f

C
N

CO*
CM*

CM*
x

-
C

O
C

O
C

O
C

M
C

N [g°"°lg
8

§18
t/ti1

o
o

g
t—

tv
co

C
N

CN
eg

C
M

C
M

O
xf"

xf"
00

C
N

C
N

C
N

o
o

o
c
o

m
x

f
x

f
C

N
C

O
CM

x-.
IO

cn"
co"

tn
C

D
x

-
C

O
C

N
C

O
C

N

o
o

o
o

c
o

m
x

-
C

N
C

O
co

cn
cn_

xf*
cn*

to"
in

co
cq

C
N

C
N

C
N

o
o

lS
lo

g
g

CO
O

CD
x-

CN
-f

CM
CM

m
CD

x-
CN

co
CN

<
olx-

CM.
m

.
tv."

o"
co'

x
-

C
N

C
N

C
O

C
O

C
O

O
O

O
c
o

c
n

x
-

O
C

M
C

N
c
n

xr
in

O
°

—
,

C
D

x
-

C
N

C
O

O
C

O
C

D
C

D
tO

to"
tv"

co
fv

fV
X

f
C

N
C

N
C

N

O
O

O
c
o

in
r-.

C
O

O
x

r
c
n

+
-

m
.

o
o

o
C

O
L

O
tO

c
o

in
r
v

tn
r—

_
x-H

co"
to"

to
co

m
tp

C
N

C
N

C
N

C
N

t-
C

O
C

>
C

N
K

xf*
cn"

r—
JCM

*
xf

x—
(N

CM
colOO

00
CO

CM
CM

—
o

o
o

lo
o

-—
CO

O
C

0|xf
CO

CD
CN

00
coloo

xf
CO

X
-"

t-"
f

c
o

c
n

o
i

x
-

x
-

C
M

S
C

D
C

O
C

O
C

O
C

D
tri

t—
"

lo
c
o

c
o

r—

to
O

CO_
CD*

CD*
x-

C
M

C
O

C
D

§
CO

fflN
S

g

fv
O

tD
•|lo

in
xf"

cn
co

tolt—
co

in

in
iiiiis

p*
to"

tril
•

C
M

X
T

r
-

r
-

cm
x

f
C

N
C

O
in

cd
r-|

lm
1—

co

R
N

C
O

to
x

f
C

O
C

O
CM

C
N

CM

C
O

C
O

fv
lO

C
O

L
O

tO
O

C
O

c
n

c
n

•*>*
2"

9"
,
-

c
n

cm
x

*
C

O
C

N

tv
C

O
x

f
N

t
-
O

O
C

O
C

M
in

tv
co.

x
f

co'
in

co
x-

g
C

O
X

T
C

O

O
C

N
C

D
O

C
M

tO
C

D
x-~

f
v

x
r

C
O

x
-

tD
C

O
L

D
?
-

C
O

x
f

C
O

C
O

C
O

^
.

xf_
o

tv
xf"

o*
tn]

CO
cn

in
-

."
*

/x
x

N
~

tv
.

C
D

tn
I-."

tri
C

D
C

O
N

(M
C

N
C

N

in
tv

lo
rv

in
oo

co
g

cn
C

O
x

f

x
f

iri
CD*

x
r

O
C

O
C

O
C

O
C

N

io
to

m
ix

-
cm

o
x*

to
coir—

g
x-

3
s

sis
a

s
°

s
m

s
s

•
C

N

c
o

o
i

in
C

O
x

-
C

O
[
N

C
O

S
L

O
I—

C
O

x-"
xf*

tri
x

f
t
-

c
n

c
o

c
n

—

0
0

x
f

r—

O
)

c
n

t
o

r—C
M

.
.

-
-

o"
00'gloo

r-
co

C
N

C
N

C
O

lx
f

p
C

O
to

CO
x-|CM

CM

•
0

0
C

D
,.

•
in

cd
C

D
C

O
x

-
I

C
N

C
N

C
O

xf
xf

co
tn

01
co

2
-

r.1
f
i

C
O

C
O

,
C

M
xsr

t
o

x
-

to
o

_
to

to"
g"

to
to

C
O

f—
to

C
O

O
C

O
C

O
in

tn
x

f
cm

r
-

to
."

cm"
2

to
o

x
f

C
N

tO
x

-

00
r-

S
0

0
C

O
o

c
o

m
—

C
O

x
f

in
o

c
o

C
O

O
)

IX
)

o
c
o

c
o

<
o

to

to
c
d

in
o

in
c
n

C
O

C
O

C
D

CM
I—

_
tv

in"
co"

xf
c
o

c
n

r—
co"

cn"
co

l"*
°°

r~r

c
o

o
in

00
in

c
o

S
co

colco
t-_

xf
co"

cn"Icm"
at

1

C
M

C
O

c
o

m

C
)

t
o

i
n

C
O

i
n

•cr
C

O
c
o

cc
C

N
"-.

o
tn

<
D

c
o

m
x

-
c
n

c
n

c
o

C
N

x
-

x
-

o"
f--"

3:
in

in
c
o

C
N

C
O

x
f

c
o

in
r—

C
N

C
N

C
N

c
o

x
f

m
CO"

xf"
xf"

cm
t;

H?,
x

f
C

O
C

N

x
f

C
O

tv
rv

c
o

x
-

in
fv

c
o

x
-

O
C

O

CM"
x-"

CD*
O

C
D

O
x

f
C

O
C

N

C
D

tD
x

f
x

-
C

N
tO

rv
x

f
r
-

CD
tO

_
tO

co"
m

"
«

O
CD

5
x

j
C

O
C

O

"cn
co

rvltv.
to

to
s
,

k
.

cm
t
n

c
o

in
tO

O
C

D
cn

cn.
cn*

co"
to"

C
M

C
D

x
-

C
N

C
O

x
f

x
f

C
D

C
D

C
O

C
N

x
-

c
o

c
o

c
n

o
o

tv
in

to.
o

_
x-.

io"
iri

colto"
x-"

CN
if

cd
o

o
at

o
CO

CO
xf

CN
CO

xf

C
D

C
N

C
O

C
O

-
-

IT
x

f
x

f
C

D

co"
o"

50"
c
o

tn
c
d

c°
t;

C
i

to
to

o
tv

tv
m

fv"
CO"

xf
fv

x
-

C
O

C
N

x
f

C
O

<"">
°

o
x

f
C

N
C

N
O

tv
x

-
C

N
C

D
C

O

°?
2

cn"

-
•=>

2
o

o
o

C
N

C
O

C
O

x
f

O
O

CO*
co"

to"
—

x
f

x
f

v
j

o
o

C
D

tO
S

fv
x

-
O

x-
CD.

vi
g

2
C

M
C

D
C

D

O
O

O
o

o
g

-
o

o

CO"
CN

CN*
n

g
o

C
O

C
O

C
O

o
o

—
o

o
o

5
C

D
—

C
O

cn"
xf

^
c
n

c
n

c
n

C
N

C
N

C
N

^
§

sis
§

I
fv"

fv"
O

C
O

C
N

C
O

°
2

S
o

o
o

o
c
d

<
P

i^
P

.
R

.
oo"

cn
cn

m
in

m
c
o

c
o

c
o

o
o

o
C

O
C

O
C

N
x

f
C

O
C

O
in

o
co.

O
"

tv"
tv"

C
O

C
N

C
O

o
o

>
:

o
o

o

<°
C

i
£

fv.
C

O
co_

in
*£

c
n

o
—

c
n

c
o

c
o

6
xf

co
x

f
C

O
C

N
fv

tv.
to

c
o

c
o

—
^

CO
CN

(
,'J

1
—

V
-"

C
O

C
O

C
N

x
f

c
o

rv
v-

tn
g

O
l

C
N

C
O

in
-
f

"-•
xf

xf
g

in
tv

g
C

N
C

O
x

f

<*">
C

M
-"

C
n

~
x

f
C

D
C

D
O

C
N

C
O

.
co"

co'
tri

cm
fc

s
C

N
C

O
C

O

O
O

Q
-cr

c
o

°
*~

^
c
n

•«-
c
n

cn
o"

cn"
c
n

c
n

c
n

o
o

o
C

O
C

O
^

in
co

5
c
n

c
o

c
n

**-"
S

t"
•cr

c
o

N
-

o
o

o
o

o
o

o
"*

"•£
in

m
in

°
9

9
O

O
O

C
D

C
N

C
N

xf
C

N
C

N
.

to"
o"

g"
c
n

1
-

r—
C

M
C

N
C

M

in
h-

m
lm

(O
tD

^
ri

rx.
t
f

n
r

O
)

lO
Is-

c
n

c
n

c
o

•cr
co_

-•—
co"

in
•**•

O
O

O
-
n

"
C

N
C

O
C

O

I
t

l
'(

•
C

O
o

o
o

o
[xxx.

o
^

r.
m

"
a

i
a>

C
O

N
t

-
C

O
C

O

0
0

0
C

N
xT

C
N

C
D

x
r

C
D

rv
co.

t—
in"

iri
iri

o
o

o
lo

g
g

r=}
o

o
l
o

o
o

S
§

CO
ON

CN
CM

fZ
CM

C
N

jx-
xf.

xf,
iri

to"
to

lg
g

o
C

O
C

O
C

O
o

o
o

CN
CN

C
N

lcO
CO

CO

0
0

0
C

O
C

O
x

f
x

f
tD

O
tn

tn
co.

xf"
co"

xf*
PL

CN
CN

0
0

0
0

0
0

C
N

C
M

C
M

LO
o>

.
cn

xf"
rv"

t—
'

C
O

C
O

C
O

C
N

C
N

C
N cn

cm
g

in
cn

g
in

x-
50

00.
xT

u
j

O
*

x
f

co
a

2
C

N
C

O
xT

0
0

0
0

tn
c
o

to
o

x
f

in
c
n

—
r—

x
-

.
CM*

CO*
x

f
O

x
f

x
-

to
C

M

tO
xf

x
fltO

CO
xf

cm
xf

cn|cn
tn

x-
-

CO
"
f|x

-
CO

CD
"S

"5
jx,

CM
CN

C
O

O
C

O

tri
9"

*"":
r
-

co
C

D
x

-
C

O
C

O

u
j

f—
C

O
C

O
O

x
f

C
N

C
M

0
0

0
x

f
C

O
C

O
x

f
C

O
lO

a
t

00
cm

t-
2

t:
r—

co
x

f

8CM
C

O
C

O

0
9

9
0

0
0

-
C

D
tD

0
0

0
C

D
x

f
x

f
C

O
c
o

to
C

D
x

-
C

N

^-
O*

xf
in

c
n

"xf

o
o

g
o

o
S

.
C

O
x

f
x

f
C

D
x

-
x

-

co'
r—

"
t—

cn
o

g
C

N
C

M
C

M

0
0

0
xT

tO
C

N
c
n

r—
in

-
C

M
O

0
0

0
x

f
C

D
xr-

C
O

x
-

C
O

m
x

-
m

o
0

g
o

o
g

to
to

c
o

O
X

T
xT

x
f

x
f

xf"
C

O
C

O
C

O
C

N
C

N
C

N "
is

!1
I—

"
co"

co'
0

0
0

C
M

C
N

C
N r-

S
SS

C
D

C
D

c
n

xr-
I—

C
O

C
O

C
N

x-_
o"

co"
g

C
O

C
N

C
N

C
O

C
O

1
0

c
n

c
o

C
O

x
-

C
O

x
-

C
O

C
N

C
O

I—
to.

f-
"?*'"^

r—
r—

x
r

C
N

C
O

0
0

0
C

N
C

O
x

f

10
fc

£
O

(N
t-

.
x-"

I—
*

C
O

0
0

C
N

x
-

o
o

g
•xf

3*
"S

O
C

O
C

O
cn

x-
to

.
xf"

g"
at

to
c
n

in

in
c
d

to
c
o

c
o

c
o

CM
C

N
C

N

o
o

g
o

o
o

g
o

to
c
o

t
-

o
to

to
x

-
C

O
C

O
C

N
C

N
C

M C
M

t—
t-

C
O

C
M

x
f

I
v

C
O

lO
x

-
f—

t0_
00*

CD*
CN

x
f

O
f—

C
M

in
o

c
o

c
d

in
c
n

C
N

x
-C

O
co

tn
C

D
.

CM
CO"

xf*

i
n

c
o

g
c
n

in
o

c
o

c
o

c
o

|x-
r-

cm
.

xf
co"

in"

C
N

C
N

->"
t;

S
~

0
0

C
D

in
c
o

x
f

~~

aS
cm*

c
n

c
n

cn
cm

co
tn

r—
cn

co
cn

o
co

x
-

x
-

0
0

o
x

-
m

2
iR

in
o

j
c
o

to
to

o
co

o
x

f.

t—
"

CO*
xf

in
1

0
•
*

C
N

C
N

r
-

o
to

^
,

t
o

X
f

x
j

w
-*

.
d

in
CD

r-
cn

co
cn

cn
'

x-

o
o

o
l
o

o
o

CM
xf

C
N

lxf
xf

CN
-

"
C

O
C

D
f

O
)

O
jx

-
LO

0_
.

cn|cm
"

I-"in
cn

m
ix

-
cn

co

0
0

0
xf

t
o

;
x

f
C

D
x

f
tv

C
N

f
-

r—
"

1—
r—

x
f

x--
«

f

o
o

.
-

"»
"S

C
D

x
f

C
D

]
o

tn

tri
r—

0
0

C
M

i
n

C
M

o
0

0
g

C
O

o

S
CM

f
C

O

o
o

o
g

„
P

ig
g

x5
f-

§
xfI

°
d

?
§

in
to

1-
cn.1

"
tri

C
-lco

CM
CD

cm
Io

-r
<S

<
£

Lti
CD

CD|P:
LD

xf
fv

O
CN

o
O

O
O

l
C

O
O

C
M

C
M

o
o

1
o

o
1

C
N

C
N

•
C

D
c
n

co"
tri

m
"

C
D

C
D

tD

8
5

-
,

o
c
o

co
r*-

co
io|

c
n

""xT
C

N
"•*

°
9

9
o

o
g

co
o

g
x

f
C

M
C

N
CN*

CO"
co"

x
f

C
N

C
N

o
o

w
o

o
C

M
C

O
C

O
~

o
o

x
f

t—
I—

C
O

c
o

to

•cr
c
o

to
CN

CN
"=

CN.CN.
xf'

CD
CD

CO
I-

j-
xf

1—
1—

r-l

o
o

d
\
o

o
o

~
1

'"'
o

o
C

N
C

M

O
N

c
o

oo
c
n

o
c
o

c
o

c
o

c
o

c
o

o
o

g
o

o
g

O
C

N
C

O
C

N
C

N

0
o

g
0

0
0

C
O

C
O

x
f

t—
t—

_
in

co"
co"

o
C

O
C

O
x

-
C

N
C

N
C

N

O
O

—
O

O
O

C
D

to
O

x
-

x—
r
-
.

to"
cd"

m
"

to
c
o

to
C

M
C

M
C

M

o
S

9
0

0
0

c
o

to
C

O
O

O
.

I—
_

00*
co"

I—
0

0
0

C
N

C
N

C
N

o
o

g
0

0
0

to
to

eg
ir

X
T

O
.

xf
xf

xf
C

O
C

O
C

O
C

N
C

N
C

N

lo
g

c
o

c
o

in
in

c
o

o

co
"a'

7X
g

to
co

0
0

0
0

0
0

x
r

x
r

to
x-

CD.
r—

"
I—

co"
O

O
C

N
C

N
C

M
C

M

0
0

0

0
9

9
C

O
C

O
o

co
io_

r—
.

xf"
xf

cn
x

f
x

f
C

M

0
0

0
0

0
0

C
N

C
N

O
c
n

c
n

—

iri
in"

co
c
d

to
to

r
j

0
0

0
(

>

m
C

f)

r
o

0
C

M
C

N

C
O

C
O

r
o

Is
-

m
"T

f-^

C
D

o
o

g
o

o
o

,1
CM

C
N

C
N

I
^

J
-
'-

'O
O

E
co

co
_

to
C

O
-xt

1—
t—

^J"

o
"

o
o

o
o

o
r

O
tN

C
O

C
O

C
O

,
—

-
.

.

«?^
x*^

xf5

_
o

o
o

o
o

t
f

n"
O

in
in

m
cn

cn"
cd

c
o

c
o

o
c
o

c
o

c
o

o
o

o
o

o
o

r
-

-tf
t--

c
o

in
c
o

o
o

o
o

—
<

N
C

N
00

c
o

c
o

••

r-"
1-"

in
o

o
c
n

O
O

O
o

o
o

c
o

c
d

o
o

o
iv

cn*
cn"

to"
in

m
in

c
o

c
o

c
o

o
o

o
o

o
o

c
o

c
n

-cr
c
o

i—
o

0
0

0
C

O
x

-
C

O
C

N
x

f
C

N

tri
co"

m
C

N
'

C
M

o
o

o
o

o
o

C
O

C
D

x
f

C
O

C
O

x
r

-xf
S

2
C

O
C

D
C

D
-

•
C

M
C

N

_
O

O
o

o
g

x
f

00
C

O
O

x-.
CO

C
o'xf*

x-
00

C
D

t—

-
cn

c
o

g

2
E

m
3

C
D

Q
C

L

c
o

o
o

g
o

o
g

o
o

g
x—

x—
x

f

CN*
CM*

CO
O

O
C

O
C

O
C

O
C

O

9
9

9

3
ro

p 0
0

0
0

0
0

•°
f.

§
.

x-'
CO*

o
o

t—
C

O
C

O
C

N

o
o

g
o

°
S

o
I—

C
O

x
f

C
O

x—

o
o

g
0

0
0

C
M

C
N

C
N

00
cn.

in
t-

t—
xf"

C
O

C
O

C
O

C
N

C
N

C
M

—
o

g
o

o
g

c
n

c
o

o

o
o

g
~

°
9

C
O

o
8

CD
CN

CO.xf
CO.

tri
co"

g
l-

f
r-r

xr
tO

C
O

C
D

o
o

L
J

O
O

lO
C

D
C

D

i_
,

o
o

0
0

0
to

C
O

C
O

tv
c
o

r—
.

in"
cN*

lco 0
0

0
0

0
0

tO
tD

C
O

C
M

C
M

r—

o
"

co*
in

C
D

C
D

C
D

0
0

0
0

0
0

c
o

c
n

lo
x—

*~"-
-

iri
o

"
t—

C
M

C
N

x
-

o
o

g
o

°
9

C
O

C
O

00
to

1—
—

_.
"

X
-"

C
O

-*"
tr

"S
C

O
x

f
C

O

0
Q

~-
0

0
0

c
o

c
o

c
o

O
I—

I—
.

O
*

x-
C

N
x

-

0
0

0
0

0
0

r—
c
d

t—
00

C
M

x-_
m

"
o"

cq
-

C
N

C
M

ro
5

C
O

o
o

o
|o

g
g

S
S

°\W
CO§

a
co

injcM
co.cm.

in"

o
f
o

o
g

o
x

j
l
j

x
o

o
o

]
g

o
co

in
x

r
in

in
t—

.
to"

1—
'

xf
co

xr
ctp

to'
co"

co
C

O
x

f
"
"

0
0

0
0

0
0

t
-

C
D

f
-

1
-

C
N

0
0

o
o

g
0

9
S

C
N

C
O

C
O

x
f
S

O

CO*
CO

to"

o
"

0
"

at
I—

f
-

x
f

C
D

C
D

C
D

co"
x

f
m

i
n

id
a

t

o
0

0
g

o
l
o

o
o

to
1^-

to
tn

o
r—

lco
xt

xfjr-.ex.
c-,1

cd
Io

"
t-"

in
;S

?
c
o

-t.c
o

j'c
o

g
CM

O
C

O
L

O
C

O
xf

35pf
CM

CNH
f

O
C

N
O

C
N

CO.
C

N
Co"

CO
CD"

0
T

0
0

g
0

0
0

0

cm
r-

p
3

:
x

f
o

x
f

in
rC

-f
bltv-.

cq
coir-.

^
I'x

i
E

E
E

E
Q

E
I

3
a

ro
p

\
E

|E



264

Tabe 18.1 Lanjutan
Por

tal

No. Elm

Balok

Letak

Momen

M mati M hidup M Gempa Mut Mu2 Mu3 Mu4 Mus Balok

Md Ml MGki MGka

PI [2] [31 [4] [51 [61 [71 [81 [91 [101 [111 [12] [131

AsB 82-83 Tump ki -8,100 -30,580 17,4000 -17,4000 -58,6480 -19,1331 -55,6731 8,3700 -22,9500 Balok

dan Lap 3,280 7,890 17,4000 17,4000 16,5600 29,1701 29,1701 18,6120 18,6120 Atap

AsE Tump ka -8,100 -30,580 -17,4000 17,4000 -58,6480 -55,6731 -19,1331 -22,9500 8,3700

84-85 Tump ki -17,530 -68,070 77,2200 -77,3200 -129,9480 -1,6517 -163,9187 53,7210 -85,3650

Lap 14,650 53,200 77,2200 73,2800 102,7000 146,7375 142,6005 82,6830 79,1370

Tump ka -9,810 -41,750 -73,1000 73,2800 -78,5720 -126,5093 27,1898 -74,6190 57,1230

86-87 Tumpki -5,650 -25,460 46,2800 -46,0200 -47,5160 18,6018 -78,3132 36,5670 -46,5030

Lap 9,540 27,470 46,2800 54,3200 55,4000 84,5702 93,0122 50,2380 57,4740

Tump ka -9,700 -40,330 -54,6400 54,3200 -76,1680 -105,6689 8,7392 -57,9060 40,1580

AsC 21 Tump ki -48,8800 -1,8800 169,5200 -168,0000 -61,6640 124,8954 -229,5006 108,5760 -195,1920 Balok

dan Lap 20,4400 0,1300 169,5200 160,6800 24,7360 199,5809 190,2989 170,9640 163,0080 Sloof

AsD Tump ka -43,0200 0,1300 -161,5600 160.6800 -51,4160 -214,6862 123,6659 -184,1220 105,8940

22 Tump ki 0,4100 2.1900 440,4200 -440,1400 3,9960 464,9411 -459,6470 396,7470 -395,7570

Lap 4,5600 2,1900 440,4200 440,4200 8,9760 469,2986 469,2986 400,4820 400,4820

Tump ka 0,4100 2,1900 -440,1400 440,4200 3,9960 -459,6470 464,9411 -395,7570 396,7470

23 Tump ki -43,0200 0,1300 160,6800 -161,5600 -51,4160 123,6659 -214,6862 105,8940 -184,1220

Lap 20,4400 0,1300 160,6800 169,5200 24,7360 190,2989 199,5809 163,0080 170,9640

Tump ka -48,8800 -1,8800 -168,0000 169,5200 -61,6640 -229,5006 124,8954 -195,1920 108,5760

24-27 Tump ki -441,4100 -129,4600 476,9800 -471,9200 -736,8280 -84,9912 -1081,3362 32,0130 -821,9970 Balok

Lap 311,3300 95,3000 476,9800 425,8600 526,0760 917,7840 864,1080 709,4790 663,4710 Lantai 1

Tump ka -460,1200 -135,3800 -428,5200 425,8600 -768,7520 -1061,0061 -163,9071 -799,7760 -30,8340

28 Tump ki -100,9000 -29,0400 822,4400 -821,9800 -167,5440 730,1742 -996,4668 649,3860 -830,5920

Lap -84,0600 -26,1600 822,4400 822,4400 -142,7280 750,5778 750,5778 664,5420 664,5420

Tump ka -100,9000 -29,0400 -821,9800 822,4400 -167,5440 -996,4668 730,1742 -830,5920 649,3860

29-32 Tump ki -460,1200 -135,3800 425,8600 -428,5200 -768,7520 -163,9071 -1061,0061 -30,8340 -799,7760

Lap 311,3300 95,3000 425,8600 476,9600 526,0760 864,1080 917,7840 663,4710 709,4790

Tump ka -441,4100 -129,4600 -471,9200 476,9800 -736,8280 -1081,3362 -84,9912 -821,9970 32,0130

33-36 Tump ki ^152,4800 -133,0100 445,9600 ^42,2200 -755,7920 -132,5405 -1065,1295 -5,8680 -805,2300 Balok

Lap 306,0300 .93,5400 445,9600 409,8600 516,9000 877,9848 840,0798 676,7910 644,3010 Lantai 2

Tump ka -459,6600 -135,3400 -411,8400 409,8600 -768,1360 -1042,9713 -180,1863 -784,3500 -44,8200

37 Tump ki -86,5900 -24,2600 669,1800 -668,7000 -142,7240 588,7938 -815,9802 524,3310 -679,7610

Lap -69,7400 -21,3800 669,1800 669,1800 -117,8950 609,2079 609,2079 539,4960 539,4960

Tump ka -86,5900 -24,2600 -668,7000 669,1800 -142,7240 -815,9802 588,7938 -679,7610 524,3310

38-41 Tump ki -459,6600 -135,3400 409,8600 -411,8400 -768,1360 -180,1863 -1042,9713 ^4,8200 -784,3500

Lap 306,0300 93,5400 409,8600 445,9600 516,9000 840,0798 877,9848 644,3010 676,7910

Tump ka -452,4800 -133,0100 -442,2200 445,9600 -755,7920 -1065,1295 -132,5405 -805,2300 -5,8680

42-45 Tump ki -459,3900 -134,9800 347,6600 -343,7400 -767,2360 -244,8726 -970,8426 -100,5570 -722,8170 Balok

Lap 302,0600 92,3900 347,6600 325,3400 510,2960 769,5146 746,0786 584,7480 564,6600 Lantai 3

Tump ka -460,6800 -135,6700 -327,4000 325,3400 -769,8880 -955,6922 -270,3152 -709,2720 -121,8060

46 Tump ki -74,0700 -20,6500 388,3800 -387,9000 -121,9240 310,5113 -504,5828 282,8790 -415,7730

Lap -57,2200 -17,7700 388,3800 388,3800 -97,0960 330,9254 330,9254 298,0440 298,0440

Tump ka -74,0700 -20,6500 -387,9000 388,3800 -121,9240 -504,5828 310,5113 -415,7730 282,8790

47-50 Tump ki -460,6800 -135,6700 325,3400 -327,4000 -769,8880 -270,3152 -955,6922 -121,8060 -709,2720

Lap 302,0600 92,3900 325,3400 347,6600 510,2960 746,0786 769,5146 564,6600 584,7480

Tump ka -459,3900 -134,9800 -343,7400 347,6600 -767,2360 -970,8426 -244,8726 -722,8170 -100,5570

51-54 Tump ki -400,5800 -117,7300 225,4200 -222,2000 -669,0640 -295,1729 -765,1739 -157,6440 -560,5020 Balok

Lap 332,8400 101,4700 225,4200 218,8800 561,7600 682,0622 675,1952 502,4340 496,5480 Lantai 4

Tump ka -457,9400 -134,7700 -220,4600 218,8800 -765,1600 -839,6777 -378,3707 -610,5600 -215,1540

55 Tump ki -158,8000 -45,8000 89,1200 -89,0200 -263,8400 -116,4450 -303,4920 -62,7120 -223,0380

Lap -141,9500 -42,9200 89,1200 89,1200 -239,0120 -96,0309 -96,0309 -47,5470 -47,5470

Tump ka -158,8000 -45,8000 -89,0200 89,1200 -263,8400 -303,4920 -116,4450 -223,0380 -62,7120

56-59 Tump ki -457,9400 -134,7700 218,8800 -220,4600 -765,1600 -378,3707 -839,6777 -215,1540 -610,5600

Lap 332,8400 101,4700 218,8800 225,4200 561,7600 675,1952 682,0622 496,5480 502,4340

Tump ka -400,5800 -117,7300 -222,2000 225,4200 -669,0640 -765,1739 -295,1729 -560,5020 -157,6440

AsF 25 Tump ki -12,3900 -0,9700 132,8200 -132,4200 -16,4200 125,5349 -152,9672 108,3870 -130,3290 Balok

Lap 5,9200 0,4400 132,8200 117,2000 7,8080 146,0928 129,6918 124,8660 110,8080 Sloof

Tump ka -9,0200 0,4400 -117,4200 117,2000 -10,1200 -132,3462 114,0048 -113,7960 97,3620

26 Tump ki -1,9500 1,0600 145,7600 -145,7200 -0,6440 152,0022 -154,0518 129,4290 -132,9030

Lap 0,9900 1,0600 145,7600 145,7600 2,8840 155,0892 155,0892 132,0750 132,0750

Tump ka -4,5600 -0,2800 -145,7200 145,7600 -5,9200 -158,0586 147,9954 -135,2520 127,0800

27 Tump ki -9,8800 -0,0100 117,2000 -117,4200 -11,8720 112,6766 -133,6745 96,5880 -114,5700

Lap 5,9700 -0,0100 117,2000 132,8200 7,1480 129,3191 145,7201 110,8530 124,9110

Tump ka -11,3700 -0,4400 -132,4200 132,8200 -14,3480 -151,3953 127,1067 -129,4110 109,3050

28 Tump ki -43,4500 -13,1200 170,8200 -170,2400 -73,1320 121,3401 -236,7729 114,6330 -192,3210 Balok

Lap 26,6100 8,2200 170,8200 154,0600 45,0840 215,0694 197,4714 177,6870 162,6030 Lantai 1

Tump ka -41.1700 -12,5600 -154,3600 154,0600 -69,5000 -217,1757 106,6653 -175,9770 101,6010

29 Tump ki -12,8800 -3,0800 192,9600 -192,8800 -20,3840 186,1734 -218,9586 162,0720 -185,1840

Lap -0,4800 -0,5700 192,9600 192,9600 -1,4880 201,5654 201,5654 173,2320 173,2320

Tump ka -14,1900 -3,8400 -192,8800 192,9600 -231720 -221,0523 184,0797 -186,3630 160,8930
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8.1.2 Penulangan Lentur Balok

Sebagai contoh perhitungan penulangan lentur balok ditinjau pada Portal as 1 dan

as 6, untuk balok lantai 1 adalah sebagai berikut (Dipohusodo, 1996):

1. Tulangan tumpuan balok Lantai 1

- Untuk momen negatif (M„ = - 655,2788 kNm)

600

400

300

0.85.X-'

Gambar 8.1 Analisis balok bertulangan rangkap. tumpuan untuk momen negatif

0,85.f c' n
Pb =—p-^^i

600

600 + /,,

0,85.25

400
-0,85

600

600 + 400
= 0,02709

Pmin = 1A/f = 1,4/400 = 0,0035 ; p„aks = 0,75. pb = 0,75.0,02709 = 0,02032

Pmm <PS Pmaks diambil p = (0,0035+0,02709)/4 = 0,007146

£<"•*•" Aselmiut beton) + 0 tul.sengkang + '/2.0 tul.lentur *= 50 + 10 + !/2.25 *= 72,5 mm

d = h - d' = 700 - 72,5 = 627,5 mm

a- = [600/(600 +f)].d= [600/(600+400).627,5] = 376,5 mm

a = p,.x = 0,85.376,5 = 320,025 mm

Luas tulangan tank :As\ = pb.d= 0,007146.400.627,5 = 1793,646 mm2

Px=Asxf = 1793,646.400 = 717458,4 kN

Mn = Px.(d-al) = 717458,4.(627,5 - 320,025/2)

= 335.4028 kNm < M„ = A/,/0,8 = 819,0985 kNm

M„i = M„ - M,i = 819,0985 - 335,4028 = 483,6957 kNm

M„2 = Cs.(d-d') atau M„2 = l\.(d-d')

I\ = (\ = M,rJ(d- d') = 483,6957/i6/(627,5-72,5) = 871523,78 N



Periksa regangan tulangan tekan:

* •= [(x-d')/x] .sal =1(376,5 - 72,5)/376,5]. 0.003 =0,0024
£.. =fjEs = 400/200000 =0,002

£s' > £v

dianggap baja tekan telah leleh saat beton tekan mencapai regangan hancur 0,003
dan fC= f = 400 MPa
Luas tulangan tekan: As =CJf '= 871523,78/400 =2178,81 mm2
Tambahan luas tulangan tank: Aa =T2/f =871523,78/400 =2178,81 »'
Luas tulangan tank: A, =A, +^ =1793,646 +2178,81 =3872.46 mnr
Dipakai tulangan: -tulangan tank/atas :8D25 =3926,991 mm2 >As =3872,46 mm ^

-tulangan tekanWah: 4D25 =1963,50 mm2 > As *= 2178,81 mm
Periksa kapasitas penampang (lihat Gambar 8.1)
Anggap tulangan tarik dan tulangan tekan telah leleh :
C =0 85 fc '.b.a =0,85.25.400.a = 8500.^

' Cs =As %- 0,85/c') =1963,50.(400 - 0,85.25) =929592,64 N
T=As.fy =3926,991.400 =1570796,4 N
Keseimbangan gaya-gaya dalam:

P=CC + CS

1570796,4 =8500.C7 +929592,64 , didapat a=75,44 mm
x=alpx =75,44/0,85 =75,44/0,85 =88,75 mm
*•= [(x-d')/x}. sc =[(88,75-72,5)/88,75]0,003 =0,00055 <{sy =0,002)
s\ =[(d-x)/x]. sen =[(627,5-88,75)/88,75]0,003 =0,0182 >(sy =0,002)
Anggapan tidak benar, tulangan tekan belum leleh dican gans netral terlebih dahulu:
untuk mendapatkan nilai xdigunakan persamaan sebagai benkut:
(0 85/c \b.px\x~ +(600A'- As.fy)x - 600.d\ As '= 0(0,85.25.400.0,85)x2 +(600.1963,50-3926,991.400>'-600.72,5.2454,369=0
7225. x2 - 98175.JC - 106765051,5 = 0

dan persamaan diatas didapat x=139,25 mm
f •= \(x-d')/x\600 =[(139,25-72,5)/139,25]600 =287,61 MPa <f =400 MPa
Periksa rasio tulangan

p=AJ(bd) =[As-(As'.fsyfyV(b.d)



= [3926,991 - (1963,50.261,60)/400]/(400.627,5) =0,01

pmm =0,0035 <p=0,01 <pnaks =0,0203 , memenuhi syarat

a = 0,85..v = 0,85.139,25 = 118,36 mm

Hitung momen nominal aktual negatif tumpuan.

Cc =0,85.f \b.a =0,85.25.400.118,36.10-3 = 1006,0749 kN

Cs=As\f'= 1963,50.287,61 =564,7214 kN

Mnak=Cc.[d-(al2)} + Cs.(d-d')

= 1006,0749.[627,5 -(118,46/2)] +654,7214.(627,5-72,5)

= 885,1920 kN.m - aman-

(0,8.Mnak =0,8.885,1920 =708,1536 kNm) >(Mu =655,2788 kN)
- Untuk momen tumpuan positif (Mu = 271,1880 kN.m)

600 , £u 0,85/c'

aman

--d-

d-d'

Gambar 8.2 Analisis balok bertulangan rangkap tumpuan untuk momen positif

Periksa kapasitas penampang (lihat Gambar 8.2):

Anggap tulangan tarik dan tulangan tekan telah leleh :

Cc = 0,85/c '.b.a = 0,85.25.600.a = 12750.^

q =As•(/;,_0,85/c') = 3926,991.(400- 0,85.25) = 1487347,84 N

T= As.fy = 1963,50.400 = 981747,6 N

Keseimbangan gaya-gaya dalam:

P=Cc+Cs

981747,6 = 12750.« + 1487347,84 , didapat a = - 39,65 mm

x = a/px = - 39,65/0,85 = - 46,65 mm

Ss '= [(x-d')/x].sai =[(46,65-72,5)/46,65]0,003 =-0,00166 < sy =0,002

ss =Kd-x)/x}.sa< = [(627,5-46,65)/46,65]0,003 =0,0373 > sv =0,002
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Anggapan tidak benar, tulangan tekan belum leleh dican garis netral terlebih dahulu:
untuk mendapatkan nilai xdigunakan persamaan sebagai berikut.
(0,85./r'.b.pl )x2 +(600As'- AsfyAx - 600.d\ As '= 0
(0,85.25.600.0,85) x2 +(600.3926,991 - 2454,369.400)*- 600.72,5.3926,991 =0
10837,5..r2 + 1374447..Y- 170824108,5 =0

dari persamaan diatas didapat .v =77,24 mm
f„ *= [(x-d')/x]600 =[(77,25-72,5)/77,25]600 =36.83 MPa <f =400 MPa
Periksa rasio tulangan

p=As{/(bd) = [As - (As 'f yfyV(b.d)
=[2454,369 - (3926,991.36,83)/400]/(600.627,5) =0,0055

Pnun =0,0035 <p= 0,0055 <p,miks =0,0203 ,memenuhi syarat
a = 0,85..t = 0,85.77,25 = 65,66 mm

Hitung momen nominal aktual balok positif tumpuan.
Cc =0,85/, \b.a =0,85.25.600.65,66.IO"3 =837,1067 kN
G = 45 •£ -=3926,991.36,83. 10"' =144,6410 kN
M»af = Cc.[d-(a/2)\ + Cs.(d-d')

=837,1067.[627,5 - (65,66/2)] - 144,6410.(627,5 - 72,5)
= 578,0799 kNm

(0,8.AU, =0,8.578,0799 =462,4639 kNm) >(M, =271,1880 kNm) -aman -

2. Tulangan lapangan balok Lantai 1(M„ =576,2222 kNm)

0,85,/;' Cs

400

* Cc —

d-a/2

-F-

d-d'

Gambar 8.3 Analisis balok bertulangan rangkap untuk momen lapangan



0,85.f '
Pb = —z—A

600

600 + fv
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400 '

600

600 + 400
= 0,02709

Pniin = 1Mfy = 1,4/400 = 0,0035 ; pmaks = 0,75. pb =0,75.0,02709 = 0,02032

pmm<p<Pmaks diambil p= 0,004866

d - AscUmuthcton) + 0 tul.sengkang + Vi.0 ,uUentur = 50+ 10+ 1425 = 72,5 mm

d = h-d' = 700- 72,5 = 627,5 mm

x = [600/(600+f)].d = [600/(600+400).627,5] = 376,5 mm

a = /?,.x = 0,85.376,5 = 320,025 mm

Luas tulangan tank: AsX =p.b.d= 0,004866.600.627,5 = 1832,049 mm2

T\ =Asi.fy= 1832,049.400 = 732819,6 N

MnX = 7\.(d-all) = 732819,6.(627,5 - 320,025/2)

= 342584002,755 Nmm

= 342,5840 kNm < M„ = A^/0,8 = 720,2778 kNm

Mn2 = M„- M„x = 720,2778 - 342,5840 = 377,6938 kNm

M„2 = Cs.(d-d') atau Mn2 = T2.(d-d')

P2 = Cs=MJ{d- d') = 377,6938.106/(627,5-72,5) = 680529,37 N

Periksa regangan tulangan tekan:

ss'= [(x-d')/x].scll = [(376,5 - 72,5)/367,5]. 0.003 = 0,0024

Sy =fJEs = 400/200000 = 0,002

SS' > Sy

dianggap baja tekan telah leleh saat betontekan mencapai regangan hancur 0,003

dan/:'=/; = 400 MPa

Luas tulangan tekan: As '= Cs/f '= 680529,37/400 = 1701,32 mm2
Tambahan luas tulangan tank: A.s2 = P2/f =680529,37/400 = 1701,32 mm2
Luas tulangan tank: As =As\ +As2 = 1832,049 + 1701,32 =3433,36 mm2
Dipakai tulangan: - tulangan tank/bawah: 7D25 =3436,117 mm2 > As =3433,36 mm2

- tulangan tekan/atas: 4D25 = 1963,50 mm2 > A.s '= 1701,31 mm2

Periksa kapasitas penampang:

Anggap tulangan tarik dan tulangan tekan telah leleh :

Cc = 0,85.f '.b.a = 0,85.25.600.0 = 12750.0
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Cs =As >.(fy _o,85./c') =1963,50.(400 - 0,85.25) =929592,26 N
7-= As.fy =3436,117.400 = 1374446,8 N

Keseimbangan gaya-gaya dalam:

T=CC + CS

1374446,8 = 12750.O + 929592,26 , didapat a=34,89 mm

x = a/px = 34,89/0,85 = 41,05 mm

£s *= {{x.d')ixlScU =[(41,05-72,5)/41,05]0,003 =-0,0022 <sy =0,002
ss -[(d-x)lx}. sat =[(627,5-41,05)/41,05]0,003 =0,043 >sy =0,002
Anggapan tidak benar, berarti tulangan tekan belum leleh diperlukan mencari garis
netral terlebih dahulu:

untuk mendapatkan nilai xdigunakan persamaan sebagai berikut:

(0,85/\b.Px)x2 + (600.AS'- Asfy\x - 600.d'.As'= 0
(0,85.25.600.0,85) a*2 +(600.2454,369 - 4346,117.400)x - 600.72,5.2454,369 =0
10837,5. a*2 - 265825,4.x - 106765051,5 = 0

dari persamaan diatas didapat x=98,30 mm
f '= [(x-d')lx}600 =[(98,30-72,5)/98,30]600 =157,46 MPa <fy =400 MPa
Periksa rasio tulangan

p= Aj(bd) = [As - (As 'f ')/f]/(b.d)
=[3436,117 - (1963,50.157,46)/400]/(600.627,5) =0,0066

pmin =0,0035 <p= 0,0066 <pmaks =0,0203
a=0,85.x. = 0,85.98,30 = 83,55 mm - memenuhi syarat -

Hitung momen nominal aktual balok lapangan

Cc =0,85.f'.b.a =0,85.25.600.80,60.10-- =1065,2794 kN
C, =A, \fs' =1963,50.(157,46). 10"3= 564,7214 kN
Mliak = Cc.[d-(all)]+ Cs.(d-d')

= 1065,2794.[627,5 - (83,55/2)] +564,7214.(627,5 - 72,5)

= 795,5480 kNm

(0,8.M,fl* =0,8.795,5480 =636,4384 kNm) >(Mu =576,2222 kNm) -aman -
Dengan cara yang sama didapat penulangan lentur semua balok, disajikan dalam

lampiranTabel 8.2.
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8 1.3 Gaya Geser Rencana Balok
' Qa,a geser rencana ba.ok dapat d.hr.ung dengan rumus (Kusuma dan Andnono.

1993):

VUih=\,05.(yD.b+Vi..b +Alk.VE.b)

Sebaga, contoh perh.tungan adalah gaya geser rencana balok Porta, as 1dan as 6.
lantai 1, sebagai berikut ini.

Diketahui:

Vlxb= 100,9757 kN

VLb = 57,3986 kN

VE.b = 58,0100 kN

kVuh =,,05.(100,9757 +57,3986 +4/2.58,0100) =288,1140 kN

Tabel 8.3.



Tabel 8.3 Gaya Geser Rencana Balok Daktilitas Terbatas

Por

tal

Balok In

(m)

U-

junp
!'';;>

(kN'

Vl

(kN)

V:.

(kN)

Vu.b

(kN)

|1| [21 PI HI 151 [61 m 181

Asl-

dan

As 6

Sloof 6.5 1

2

19.3104

19.3104

0.5146

0.5146

22.3400

22.3400

67.7303

-26.0978

^antai 1 6.5 1

2

100.9757

100.9757

57.3986

57.3986

58.0100

58.0100

288.1140

44.4720

^antai 2 6.5 1

l

99.2063

99.2063

56.3604

56.3604

54.0700

54.0700

276.8920

49.7980

Lantai 3 6.5 I

2

100.0819

100.0819

56.4688

56.4688

42.9000

42.9000

254.4682

74.2882

Lantai 4 6.5 1

?

99.7750

99.775(1

56.1347

56.1347

29.8900

29.8900

226.4742

100.9362

Ring 6.5 1

2

44.0736

44.0736

8.8021

8.8021

10.5100

10.5100

77.5905

33.4485

As 2

dan

As 5

(A-B)

Sloof 3.1 1

2

8.9642

8.9642

0.0861

0.0861

32.8900

32.8900

78.5718

-59.5662

Lantai 1 3.1 1 24.7742

24.7742

4.0817

4.0817

49.6500

49.6500

134.5636

-73.9664

Lantai 2 3.1 1
->
A.

24.3781

24,3781

3.9956

3.9956

49.7800

49.7800

134.3303

-74.7457

Lantai 3 3.1 1

7

24.3522

24.3522

3.9869

3.9869

40.1000

40.1000

113.9661

-54.4539

Lantai 4 3.1 1

?

24.4642

24.4642

4.0128

4.0128

26.7400

26.7400

86.0548

-26.2532

Ring 3.1 1

2

11.0050

11.0050

1.5758

1.5758

13.3200

13.3200

41.1819

-14.7621

As2

dan

As 5

(E-G)

Sloof 3.1 1

->

10.4281

10.4281

0.3444

0.3444

31.0000

31.0000

76.4111

-53.7889

Lantai I 3.1 1

2

28.1583

28.1583

5.0461

5.0461

46.9600

46.9600

133.4807

-63.7513

Lantai 2 3,1 1

2

30.2681

30.2681

5.3819

5.3819

46.6900

46.6900

135.4815

-60.6165

Lantai 3 3.1 1

l

31.6631

31.6631

5.5714

5.5714

36.9400

36.9400

116.6702

-38.4778

Lantai 4 3.1 1

7

33.2131

33.2131

5.6661

5.6661

23.4900

23.4900

90.1521

-8.5059

Ring 3.1 1

2

30,2250

30.2250

2.5144

2.5144

12.1900

12.1900

59.9754

8.7774

As 3

dan

As4

Sloof 6.5 1 19.6444

19.6444

0.1986

0.1986

22.8400

22.8400

68.7992

-27.1288

3.1 1 9.7483

9.7483

0.6337

0.6337

42.7600

42.7600

100.6970

-78.8950

Lantai 1 6.5 1

2

122.5521

122.5521

30.7486

30.7486

58.890(

58.8900

284.6347

37.2967

3.1 i

2

47.4826

47.4826

10.1563

10.1563

48.0601'

48.0600

161.4468

-40.4052

Lantai 2 6.5 1

i

119.8708

119.8708

29.9813

29.9813

53.510(

53.5100

269.7157

44.9737

3.1 1 48.7413

48.7413

10.217(

10.217<

42.380(

42.380(

150.9043

-27.0918

Lantai 3 6.5 1

2

121.333?

121.3333

30.333?

30.3333

40.6201

40.620(

244.5520

73.9480

3.1 1 50.0174

50.0174

10.355',

10.355",

30.4501

11.930(

127.3369

38.3389

Lantai 4 6.5 1

2

124.339(

(24.339C

31.091"

31.091*

30.7101

7 30.7KK

227.6938

l| 98.7118

779
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Tabel 8.3 Lanjutan

Por

tal

Balok In

(m)

U-

|una

VD

(kN)

VL

(kN)

Vf.

(kN)

Vu.b

(kN)

HI 121 PI HI 151 161 171 181

AsC

dan

AsD

Lantai 1 8.9 1

2

240.3185

240,3185

67.9367

67.9367

46.7600

46.7600

337.4912

180.3776

1.7 1 19.8900

19.8900

3.4000

3.4000

97.8829

97.8829

184.0068

-144.8796

Lanlai 2 8.9 1

2

239.2060

239.2060

67.5844

67.5844

44.6800

44.6800

332,7664

182,6416

1.7 1

2

19.8900

19.8900

3.4000

3.4000

79.6371

79.6371

153.3540

-114.2268

Lanlai 3 8.9 1

2

238.6405

238.6405

67.4268

67,4268

34.8500

34.8500

315.6445

198.5485

1.7 1 19.8900

19.8900

3.4000

3.4000

46.2057

46.2057

97.1892

-58.0620

Lantai 4 8.9 1

2

244.0547

244.0547

69.0121

69.0121

23.2200

23.2200

301.9857

223.9665

1.7 1

2

19.8900

19.8900

3,4000

3.4000

24.7400

24.7400

61.1268

-21.9996

AsF Sloof 4.1 1

2

12.4110

12.4110

0.2477

0.2477

26.0700

26.0700

68,0387

-41.4553
1 1 1

2

5.6667

5.6667

0.3967

0.3967

40.4800

40.4800

91.3745

-78.6415

Lantai I 4.1 1

2

49.4563

49.4563

15.0931

15.0931

33.8700

33.8700

138.9038

-3.3502

1.7 1

2

15.7888

15.7888

3.6267

3,6267

53.5867

53.5867

132.9182

-92.1458

Lantai 2 4.1 1

2

50,1652

50.1652

15,3067

15.3067

33.3200

33.3200

138,7175

-1.2265

1.7 I

->

16.4688

16.4688

12.6933

12.6933

48.9000

48.9000

133.3102

-72.0698

Lantai 3 4.1 1

2

50,5154

50.5154

15,4006

15.4006

26.8000

26.8000

125.4918

12.9318

1.7 1

2

16.7025

16.7025

4,0942

4,0942

34,9467

34.9467

95,2245

-51.5515

Lantai 4 4.1 I

2

.M),8400

51.1817

15.4519

15,4519

17,3300

17.3300

105.9995

33,5722

1.7 1

2

16.5538

16.5538

4.0233

4.0233

16.9133

16.9133

57,1239

-13.9121

Atap 4.1 1 33.9617

33.9617

6.8760

6.8760

10.5100

10.5100

64.9506

20.8086

1.7 1

2

9:8388

9.8388

2.4296

2.4296

0.4867

0.4867

13.9038

11.8598

Keterangan Tabel 8.3:

[1] Portal yang ditinjau
[2] Balok yang ditinjau
|3] In = bentang bersih balok
[4] Ujung: 1 = ujung balok. 2 = ujung balok yang lain
[5] Vd = gaya geser balok akibat beban mati
[6] Vi. = gaya geser balok akibat beban hidup

[7] Vh = gaya geser balok akibat beban gempa
[8] Untuk ujung 1. Vu.b =1.05(17) + Vl. + 2.1-70

Untuk ujung 2. Vu.b =1.05((7*> + Vl - 2.J70

281
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8.1.4 Penulangan Geser Balok

Sebagai contoh perhitungan adalah penulangan geser balok ditinjau pada portal as

1 dan as 6, lantai 1, sebagai berikut ini. (Kusuma, dan Andriono, 1993)

a. Sepanjang dalam daerah d

Tulangan geser dalam daerah d = 0,6275 m * 0,6 m dari muka kolom ke tengah

bentang.

V„m = 288,1140 kN (pada ujung komponen)

V„m = 44,4720 kN (pada ujung komponen yang lain)

d = 0,6275 m

Vu.bterpakai = {(V„,b\ + V„:b2)/(ln-d)/l„] - Vub2 (lihat Gambar 8.4)

= [(288,1140 + 44,4720).(6,5-0,6275)/6,5] - 44,4720

= 256,0067 kN

V2.Vc=V2 .(ll6.ifc'.bw.d) = V2.(\/6.^1A.A00.617,5)A0^ = 104,5833 kN

Vs = Vu,b/<f> - VI Vc = 256,0067/0,6 - 104,5833 = 322,0944 kN

dipakai sengkang diameter 10 mm, mutu baja/v = 240 MPa

Av = lA.7i.d2 = %.3,14.102 = 78,54 mm2

S = A„fydIVs

S = (3.78,54.240.627,5)/(322,0944.103) = 110,17 mm

Sterpakai = 110 mm < Smaks dIA = 156,88 mm (SK-SNI,! 991)

digunakan sengkang 3P-110

kontrol kuat geser

Vu,b<0,6.(\l2.Vc+Vs)

256,0067 kN < 0,6.(104,5833 + (3.78,54.240.627,5)/l 10.10"')) = 256,2025 kN -aman-

b. Di luar jarak d

Untuk menghemat tulangan sengkang pada jarak di luar d, dibagi menjadi dua daerah

tulangan geser.

Tulangan geser dalam daerah (0,6 m- 2 m) dari muka kolom ke tengah bentang.

Vu,b terpakai = 256,0067 kN

Vc = \/6.<f'.bw.d= L6.\'25.400.627,5 = 209,1667 kN

K = VtJif>- Vc = 256,0067/0.6 - 209,1667 = 217,5111 kN

S = (2.78,54.240.627,5)/(217,5111.10') = 108,76 mm



^terpakai - 100 mm < Smaks =dll =313,75 kN (SK-SNI, 1991)
dipakai sengkang2P-100

kontrol kuat geser

Vu.t.S0,6.(Vc+ Vs)

256,0067 kN <0,6.(209,1667 +(2.78,54.240.627,5)/100.10-1)) =267,3652 kN -aman-
Tulangan geser dalam daerah (2 m-tengah bentang)/sisa
J' u.b terpakai =[(V„M + VuM)l(ln -2)//,,] - VllM (lihat Gambar 8.4)

= [(288,1140 +44,4720).(6,5 - 2)/6,5] - 44,4720
= 185,7798 kN

Vc = H6.<fc'.bw.d= 1/6.V25.400.627,5 =209,1667 kN
Vs = Vnffj)- Vc = 185,7798/0.6 - 209,1667 = 100,4664 kN

S= (2.78,54.240.627,5)/( 100,4664.103) =235,46 mm

terpakai =200 <Smaks =dll =313,75 kN (SK-SNI, 1991)
dipakai sengkang 2P-200

kontrol kuat geser

Vu.b<0,6.(Vc+ Vs)

185,7798 kN <0,6.(209,1667 +(2.78,54.240.627,5)/200.10-3)) =196,4326 kN-aman-

V,t.hl = 288,1140 kN
.256,0067 kN

d= 0,6275 m

0,6 m

A
,4 m 2 5 m ,4 m

Vu.b: = 44,4720 kN

•0,6 m,

3P-110 2P-100

+
2P-200 2P-100 3P-110

/„ - 6,5 m

Gambar 8.4 Distribusi gaya dan tulangan geser balok

Dengan cara yang sama didapat penulangan geser balok dan semua balok, disajikan
pada Tabel 8.4.
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Tabel 8.4 Penulangan Geser Balok Daktilitas Terbatas

Por

tal

U-

jung

ini

Jli EL
As1

dan

As6 Lt.1

Lt.2

Lt.3

Lt.4

As2

dan

As5

(A-B)

Lt.1

Lt.2

Lt.3

Lt.4

A.

__

As2

dan

As5

(E-G)

As3

dan

As 4

Lt.1

Lt.2

Lt3

LL4

A.

m. J5L
6,5

6,5

6.5

6.5

6,5

6.5

3.1

3,1

3,1

3,1

3.1

3.1

3,1

3,1

3,1

3,1

3,1

3,1

6,5

3,1

Lt.1 6,5

3,1

Lt.2 6,5

3,1

Lt.3 6.5

3.1

Lt.4 6,5

Vu.b Lokasi Jarak

(kN) (m)

J6L JZLJSL
67,7303

-26,0978

Dalam d

Luar d

0-0,5

sisa

288,1140

44,4720

Dalam d

Luard

0-0,6

0.6-2

sisa

276,8920

49,7980

Dalam d

Luard

254,4682

74,2882

Dalam d

Luard

226,4742

100.9362

Dalam d

Luard

77,5905

33,4485

78,5718

-59,5662

134,5636

-73,9664

134,3303

-74,7457

Dalam d

Luard

Dalam d

Luard

Dalam d

Luard

Dalam d

Luard

0-0,6

0,6-2

sisa

0-0.6

0,6-2

sisa

0-0,6

0,6-2

sisa

0-0,5

sisa

0-0,5

sisa

0-0,6

sisa

0-0.6

sisa

113,9661

-54,4539

Dalam d

Luard

0-0,6

sisa

86,0548

-26,2532

Dalam d

Luar d

0-0,6

sisa

41.1819 Dalam d

-14,76211 Luard

76,4111

-53,7889

133,4807

-63,7513

135,4815

-60,6165

116,6702

-38,4778

90,1521

-8,5059

Dalam d

Luard

Dalam d

Luard

Dalam d

Luard

Dalam d

Luard

Dalam d

Luard

0-0,6

sisa

0-0,5

sisa

0-0,6

sisa

0-0.6

s-' <

0-- 5

sisa

0-0,6

sisa

59,9754

8,7774

Dalam d

Luard

0-0,6

sisa

68,7992

-27,1280

Dalam d

Luard

0-0,6

sisa

100,6970

-78,8950

284,6347

37,2967

161.4468

-40,4052

269,7157

44,9737

Dalam d

Luard

Dalam d

Luard

Dalam d

Luard

Dalam d

Luard

150,9043

-27,0918

Dalam d

Luar d

0-0,6

sisa

0-0,6

0,6-2

sisa

0-0,6

sisa

0-0,6

0,6-2

sisa

0-0,6

sisa

244,5520

73,9480

Dalam d

Luard

0-0,6

0.6-2

sisa

127,3369

38,3389

227,6938

98,7118

Dalam d

Luar d

Dalam d

Luar d

0-0,6

sisa

0-0,6

0,6-2

sisa

Vu.b- bw Vc

<m (mm) (mm) (kN)

Vs

(kN) (mm)

Smax

(mm)

Tul.ges

terpakai

0,6( Vs+Vc)

>Vu,b'

(kN)

J13"_ JliL J15"_
JSL
64,3324

64.3324

J2L
530,5

530,5

[10]
400

400

JUL
88,4167

176,8333

J12L
107,2207

-69,6126

186,43

-287,15

132,63

265,25

2P10- 130

2P10- 250

256,0067

256,0067

185,7798

627,5

627,5

627,5

400

400

400

104,5833

209,1667

209,1667

322,0944

217,5111

100,4664

110,17

108,76

235,46

156,88

313.75

313,75

3P10- 110

2P10- 100'

2P10-200

245,3539

245,3539

176,3720

627,5

627,5

627,5

222,7306

222.7306

153,3124

627,5

627,5

627,5

194,8665

194,8665

125.7325

627,5

627,5

627.5

68,5280

68,5280

530,5

530,5

75,3194

75,3194

120,7872

120,7872

120.7841

120.7841

101,9197

101,9197

73,9498

73,9498

35,8340

35.8340

72,5398

72,5398

119,3661

119,3661

119,3796

119,3796

100,8425

100,8425

73,6253

73,6253

46,0585

46,0585

65,3982

65,3982

96,9660

96,9660

253,5559

253.5559

185,5789

530,5

530,5

627,5

627.5

627,5

627,5

627,5

627,5

627,5

627,5

627,5

627,5

530,5

530,5

627,5

627,5

627,5

627,5

627,5

627,5

627,5

627,5

627,5

627,5

530,5

530,5

530,5

530,5

627,5

627.5

627,5

400

400

400

104,5833

209,1667

209,1667

400

400

400

104,5833

209,1667

209,1667

400

400

400

500

500

400

400

200

200

200

200

200

200

200

200

200

200

400

400

200

200

200

200

200

200

200

200

200

200

400

400

400

400

400

400

400

104,5833

209,1667

209,1667

110,5208

221,0417

88,4167

176,8333

52,2917

104,5833

52,2917

104,5833

52,2917

104,5833

52,2917

104,5833

52,2917

104,5833

88,4167

176,8333

52,2917

104,5833

52,2917

104,5833

52,2917

104,5833

52,2917

104,5833

52,2917

104,5833

88,4167

176,8333

88,4167

176,8333

104,5833

209,1667

209,1667

304,3398

199,7564

84,7867

266,6343

162,0509

46.3540

220,1942

115,6108

0,3876

114,2133

-106,8283

125,5323

-51,3010

149,0203

96.7287

149.0152

96.7235

117,5745

65,2828

70,9580

18,6663

7,4317

-44,8600

120,8996

-55,9337

146,6519

94,3602

146,6743

94,3826

115,7792

63,4876

70,4172

18,1255

24,4725

-27,8192

20,5603

-67,8364

73,1934

-15,2233

318,0099

213.4266

100,1315

116,59

118.43

279,01

133,08

145,98

510,34

161,15

204.62

61038

175,02

-187,12

159,24

-389,65

158,66

250,55

158,67

250,56

201,10

362,18

333,21

1266,68

3181,53

-527,07

165,34

-357,37

161,23

250,57

161,20

250,51

204,22

372,42

335,77

1304,47

966,15

-849,92

156,88

313,75

313,75

156,88

313,75

313,75

156,88

313,75

313,75

132,63

265,25

132,63

265,25

156,88

313,75

156,88

313,75

156,88

313,75

156,88

313,75

156,88

313,75

132,63

265,25

156,88

313,75

156,88

313,75

156,88

313,75

156.88

313,75

156,88

313,75

3P10- 110

2P10- 100

2P10- 200

3P10- 130

2P10- 140

2P10- 200

3P10- 130

2P10- 140

2P10- 200

2P10- 130

2P10- 200

2P10- 120

2P10- 250

2P10- 150

2P10- 200

2P10- 150

2P10- 200

2P10- 150

2P10- 200

2P10- 150

2P10- 200

2P10- 150

2P10- 200

2P10- 130

2P10- 250

2P10- 150

2P10- 200

2P10- 150

2P10- 200

2P10- 150

2P10- 200

2P10- 150

2P10- 200

2P10- 150

2P10- 200

971,77

-294,82

132,63

265,25

2P10- 130

2P10- 250

273,10

-1313,07

111,58

110,84

236,25

132,63

265,25

156,88

313,75

313,75

2P10- 130

2P10- 250

3P10- 110

2P10- 100

2P10- 200

136,9456

136,9456

627,5

627,5

400

400

104,5833

209,1667

123,6594

19,0761

191.20

1239,47

156,88

313,75

2P10- 150

2P10- 200

239,3361

239,3361

172,8882

125,8423

125,8423

213,8045

213.8045

146,5520

627,5

627,5

627,5

627,5

627,5

627,5

627,5

627,5

400

400

400

400

400

400

400

400

104,5833

209,1667

209,1667

104.5833

209,1667

104,5833

209,1667

209,1667

294.3101

189,7268

78,9803

105,1538

0,5704

251,7575

147,1742

35,0867

120.57

124,69

299,52

224.85

41450,31

140,95

160.74

674,22

456.88

-447,54

156,88

313,75

313,75

156,88

313,75

156,88

313.75

313,75

156.88

313,75

3P10- 110

2P10- 100

2P10- 200

2P10- 150

2P10- 200

3P10- 130

2P10- 140

2P10- 200

2P10- 150

2P10- 200

[16]

145,3080

154.0742

256,2025

267.3652

196,4326

256,2025

267,3652

196,4326

226.4406

226,8323

196,4326

226,4406

226,8323

196,4326

158,5705

192,5927

152,9962

154,0742

125,9516

135,4559

125,9518

135,4559

125,9518

133,6826

125,9518

133,6826

125,9518

133,6826

145,3080

154,0742

125,9518

133,6826

125,9518

133,6826

125,9518

133,6826

125,9518

133,6826

125,9518

133,6826

145,3080

154,0742

145,3080

154,0742

256,2025

267,3652

196,4326

157,3268

196,4326

256.2025

267,3652

196,4326

157,3268

196,4326

226,4406

226.8323

196,4326

157,3268

196,4326
93,8009

93,8009

196,1831

196,1831

127,2613

627,5

627,5

627,5

627,5

627,5

400

400

400

400

400

104,5833

209,1667

104,5833

209,1667

209,1667

51,7515

-52,8318

222.3885

117.8052

2,9355

159,56

200.81

8058,62

156,88

313,75

313,75

3P10- 130

2P10- 140

2P10- 200

226,4406

226,8323

196,4326



Tabel 8.4.Lanjutan

Por- I Ba-1 In
tal j lok

|(m

285

320,6867

302,8315

196,4326

169,1489

196,43261



Tabel 8.4.Lanjutan
Por

tal

Ba

lok

In

(m)

U-

jung

Vu.b

(kN)

Lokasi Jarak

(m)

Vu.b1

(kN)

d

(mm)

bw

(mm

Vc

(kN)

Vs

(kN)

S

(mm)

S max

(mm)

Tul.ges

terpakai

0.6(Vs +Vc)
>Vu,b'

(kN)

PI PI PI m [5] i6i FI [8] f9l f10* ["] [12] [13] [14] [15] [16]
AsC

dan

AsD

Lt.2 8,9 1 332,7664

182.6416

Dalam d

Luard

0-0,6

0,6-2,7

Sisa

296,4272

296,4272

170,6156

627,5

627,5

627,5

40C

400

400

104,5833

209.1667

209,1667

389,4621

284,8787

75,1926

121,42

124,50

314,45

156,88

313,75

313,75

4P10- 110

3P10- 120

2P10- 200

320,6867

302,8315

196,4326
1.7 1

2

153,3540

-114,2268

Dalam d

Luard

0-0,6

Sisa

136,3131

138.9115

627,5

627,5

400

400

104,5833

209,1667

122,6051

22,3524

216,95

1057,79

156.88

313,75

2P10- 150

2P10- 200

169,1489

196,4326
Lt.3 8.9 1

2

315,6445

198.5485

Dalam d

Luard

0-0,6

0,6-2,7

Sisa

279,3910

279,3910

153,8759

627,5

627,5

627,5

400

400

400

104,5833

209,1667

209,1667

361,0683

256,4850

47,2932

130,97

138,28

499,95

156,88

313,75

313,75

4P10- 130

3P10- 130

2P10- 200

281,0042

289,1906

196,4326
1,7 1

2

97,1892

-58,0620

Dalam d

Luar d

0-0,6

Sisa

80,1483

82,7467

627,5

627,5

400

400

104,5833

209,1667

28,9971

-71,2556

917,32

-331,82

156,88

313,75

2P10- 150

2P10- 200

169,1489

196,4326
Lt.4 8,9 1

2

301,9900

223,9857

Dalam d

Luard

0-0,6

0,6-2.7

Sisa

264,9058

264,9058

136,5145

627,5

627.5

627,5

400

400

400

104,5833

209,1667

209,1667

336,9263

232,3429

18,3575

140,35

152.65

1287,99

156,88

313,75

313,75

4P10- 130

3P10- 130

2P10- 200

281,0042

289,1906

196,4326
1.7 1

2

61,1268

-21,9996

Dalam d

Luard

0-0,6

Sisa

44,0859

46,6843

627.5

627,5

400

400

104.5833

209,1667

-31,1069

-131,3596

-855,11

-180,00

156,88

313,75

2P10- 150

2P10- 200

169.1489

196,4326
AsF S 4.1 1

2

68.0387

-41,4553

Dalam d

Luar d

0-0.6

sisa

51,2808

51,2808

530.5

530,5

200

200

44.2083

88,4167

41,2596

-2,9487

484.47

-6778,99

132,63

265,25

2P10- 130

2P10- 250

118,7830

101,0242
1,7 1

2

91,3745

-78,6415

Dalam d

Luard

0-0,6

sisa

28,6186

28,6186

530,5

530,5

200

200

44,2083

88,4167

3,4893

-40,7190

5728,69

-490,91

132,63

265,25

2P10- 130

2P10- 250

118,7830

101,0242
Lt.1 4,1 1

2

138,9038

-3,3502

Dalam d

Luar d

0-0,6

sisa

117,1320

117,1320

627,5

627,5

200

200

52,2917

104,5833

142,9283

90,6367

165,43

260,87

156,88

313,75

2P10- 150

2P10- 200

125,9518

133,6826
1.7 1

2

132.9182

-92,1458

Dalam d

Luard

0-0,6

sisa

49,8431

49,8431

627,5

627.5

200

200

52,2917

104,5833

30,7802

-21,5115

768,16

-1099,14

156,88

313,75

2P10- 150

2P10- 200

125,9518

133,6826
Lt.2 4.1 1

2

138,7175

-1,2265

Dalam d

Luard

0-0,6

sisa

117,2992

117,2992

627,5

627,5

200

200

52,2917

104,5833

143,2071

90,9154

165,10

260,07

156,88

313,75

2P10- 150

2P10- 200

125,9518

133,6826
1.7 1

2

133,3102

-72.0698

Dalam d

Luard

0-0,6

sisa

57,5008

57,500C

627,5

627,5

200

200

52,2917

104,5833

43,5430

-8,7486

543,01

-2702,62

156,88

313.75

2P10- 150

2P10- 200

125,9518

133,6826
Lt.3 4,1 1

2

125,4918

12,9318

Dalam d

Luard

0-0,6

sisa

108,2646

108,2646

627,5

627,5

200

200

52,2917

104,5833

128,1494

75,8577

184,50

311,69

156,88

313,75

2P10- 150

2P10- 200

125.9518

133,6826
1.7 1

2

95,2245

-51,5515

Dalam d

_uar d

0-0,6

sisa

41,0469

41,0469

627,5

627,5

200

200

52,2917

104,5833

16,1198

-36,1719

1466,78

-653,66

156,88

313,75

2P10- 150

2P10- 200

125,9518

133,6826
Lt.4 4,1 1

2

105,9995

33,5722

Dalam d

_uar d

0-0,6

sisa

94,9146

94,9146

627.5

627,5

200

200

52,2917

104,5833

105,8993

53,6077

223,27

441,06

156,88

313,75

2P10- 150

2P10- 200

125,9518

133,6826
1,7 1

2

57,1239

-13,9121

Dalam d

Luar d

0-0,6

si«?

30,9033

30,9033

627,5

627,5

200

200

52,2917

104,5833

-0,7862

-53,0779

-30073

-445,46

156,88

313,75

2P10- 150

2P10- 200

125,9518

133,6826
A 4,1 1

2

64,9506

20,8086

Dalam d

Luard

0-C .

sisa

58,1947

58,1947

627,5

627,5

200

200

52,2917

104,5833

44,6995

-7,5921

528,96

-3114,30

156,88

313,75

2P10- 150

2P10- 200

125,9518

133.6826
1,7 1

2

13,9038

11,8598

Dalam d

.uar d

3-0,6

sisa

13,1493

13,1493

627,5

627,5

200

200

52,2917

104,5833

-30,3761

-82,6678

-778,38

-286,01 j
156,88

313,75

2P10- 150

2P10- 200

125,9518

133,6826
Keterangan Tabel 8.4
[I] Portal yang ditinjau
[2] Balok: Sloof, Lantai 1 s/d 4, dan Atap/Ring
[3] In - jarak bentang bersih balok
[4] Ujung; 1 = ujung balok, 2 = ujung balokyang lain
[5] Vu.b - gaya geser rencana balok dari Tabel 8.3
[6] Lokasi tulangan geser: Dalam d atau Luar d
[7] Jarak penulangan dari ujung ke tengah bentang balok
[8] Vu.b'= gaya geser terpakai disesuaikan lokasi tulangan
[9] d = tinggi efektif balok
[10] bw = lebar badan balok
[II] Vc =1/2( 1/6 .fc*0,5.d.bw) (untukdalam d)

Vc=M6 f"cA0,5 d.bw (untuk luard)
[12] Vs = Vu.b'10,6- Vc
[13] S ={Av.fy.d)IVs. diameter:10mm(P10)

jika S > Smax dipakai Smax
[14] Smax = d/4 (pada dalam d)

= d/2 (luar luard)

[15] Tulangan geser terpakai
[16] 0,6(Vc+Vs)> Vu.b

Vs=(Av.fy.d)ISterpakai
fy = 240 MPa , fc' = 25 MPa



lot

8.2 Desain Kolom

Kolom yang akan didesain telah ditentukan terlebih dahulu letak pada denah portal
dan ukuran dimensinya. Kolom-kolom yang didesain adalah sebagai benkut ini:

- Kl, K2, K3, K4, K5, dan, K6 dengan dimensi 700 mm x700 mm

- K7, K8, dan K9 dengan dimensi 250 mm x 700 mm

Letak kolom-kolom yang dimaksud diatas dapat dilihat pada Gambar 8.5

Desain kolom pada pembahasan ini meliputi.

1. Momen rencana kolom

2. Gaya aksial rencana kolom

3. Perhitungan diagram interaksi kolom

4. Cek kelangsingan kolom dan faktor pembesaran momen

5. Penulangan lenturdan aksial kolom

6. Gaya geser rencana kolom

7. Penulangan geser kolom
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Gambar 8.5 Denah rencana kolom lantai 1 s/d lantai 5 (Skala 1: 280)



8.2.1 Momen Rencana Kolom

Momen rencana kolom dengan daktalitas terbatas yang ditentukan dengan rumus
sebagai berikut (Kusuma dan Andriono, 1993):

M =l,05.l/V/n, v+ML x+cod.K.(MEk_x +0,3MEJtj\

Sebagai contoh perhitungan ditinjau pada momen kolom atas K2 lantai 1(sejajar
sumbu x)

diketahui:

(od= 1untuk kolom lantai 1dan lantai paling atas

coa = 1,3 untuk kolom lantai 2,3,4

MD.*-xato=n 1,7600 kNm

ML,k.xatas = 32,3400 kNm

Mekuk-xatas = 182,5300 kNm (akibat gempa kin)
MEk,,k-vatas = 198,6600 kNm (akibat gempa kiri)
Muta*, =1,05 [111,7600 +32,3400 +1.2.(182,5300 +0,3.198,6600)]

= 593,6729 kNm

Dengan cara yang sama didapat momen rencana kolom dan semua kolom disajikan
pada Tabel .8.5.
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8.2.2. Gaya Aksial Rencana Kolom

Gaya aksial rencana A7,,,* yang bekerja pada kolom portal dengan daktalitas penuh

dihitung dengan rumus sebagai berikut, untuk gaya gravitasi dijumlah dengan arah

tegak lurusnya, namun untuk gaya gempa arah tegak lurusnya hanya diambil 30 %

saja. (Kusuma dan Andriono, 1993)

N„x„iaks = K05 ( NgXx + A^a,, + tvd.K.(NEXx + NEXy )

dengan:

hrg.k = No,k + Aru- (sesuai arah x dan arahy)

Sebagai contoh perhitungan ditinjau pada kolom K2 lantai 1

diketahui:

cod= 1 untuk kolom lantai 1 dan lantai paling atas

a>d= 1,3 untuk kolom lantai 2,3,4

Gaya aksial

Berat kolom =197,57 kN

AW = 1150,2200 kN, NLXx = 312,5500 kN

NgXx = 1150,2200 + 312,5500 = 1462,7700 kN

NDXy = 1072,9700 kN , NLXy = 268,5900 kN

NgXy= 1072,9700 + 268,5900 = 1341,5600 kN

AWv = 671,1900 kN

AW,y = 5,8100 kN

N,i,k.x. = 1,05.(Berat kolom + NgXx + A^. + cvd.K.(NEXx+ 0,3.NEXy )]

= 1,05.[1462,7700 + 1341,5600 + 1.2.(671,1900 + 0,3.5,8100)]

= 4557,8337 kN

Dengan cara yang sama didapat gaya aksial rencana kolom dari semua kolom, yang

disajikan pada Tabel 8.6.
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8.2.3 Perhitungan Kelangsingan Kolom dan Pembesaran Momen

Sebagai contoh perhitungan kelangsingan kolom dan pembesaran momen ditinjau

pada kolom K2 lantai 1 sejajar sumbu x

- Cek kelangsingan kolom

Pd =J l,05(,Mnk+.MLM+k.MEk)
1,05.111,7600

l,05.M!xk

1,05.(111,7600 + .32,3400 - 2.182,5300)

Ukuran kolom: b =700 mm , h = 700 mm

0,19

h = 700 mm

b = 700 mm

Gambar 8.6Penampang melintang kolcm ukuran 700 mm x 700 mm

Ec = 4700.V/^ 4700.V25 = 23500 MPa

h= l/ll.b.lr = 1/12.700.700' = 1.E10 mm4

rEc.Ik\ (!3500flEl0^
2,5

EIk
2,5

l + Pd 1+ 0,19

lk = 5400 mm (panjang kolom lantai 1)

}uX = 5400 - 700 - 600 = 4100 mm (panjang bersih kolom lantai 1)

lk **= 3800 mm (panjang kolom lantai 2)

/,/>A. = 3800 - 700 = 3100 mm (panjang bersih kolom lantai 2)

- Ukuran balok lantai 1: bf= 600 mm, hf= 400 mm, bw = 400 mm, h= 700 mm

bf= 600 mm
< •

l,59.ElANmin

h = 700 mm hf= 400 mm

/*H. = 400 mm

Gambar 8.7 Penampang melintang balok T



Ec = 4700.V/c - 4700.^25 = 23500 MPa

Ih= llll.b.li- = 1/12.600.4003+ 1/12.400.300- =4,1.E9 mm4

(Ec.I^ /23500.4,1£9A)
V = 162.f;i3Ar/w?rEh =

1+ A, 1+ 0,19

//, = 9600 mm (panjang balok sebelah kiri kolom)

In.b **** 9600 - 700 *= 8900 mm (panjang bersih balok sebelah kiri kolom)

^ = 2400 mm (panjangbaloksebelah kanan kolom)

ln.b = 2400 - 700 = 1700 mm (panjang balok bersih sebelah kanan kolom)

Kekakuan relatif kolom bagian atas

<Pa

Kl

'EP

'eC

1,59/i 14 1,59E\A

3700 5400

1,62£13 1,62£13

8900

Phh

~Ei„rp
:.v

7

EItI,

1700

~mrb

= 6,31

K2 K2

tfiB
sloof \

9600 mm 2400 mm

3800 mm

K3 5400 mm

sloof
"600 mm

9600 mm

Gambar 8.8 Kekakuan relatifkolom K2 sejajarsumbu x (portal as C danD)

Kekakuan relatif kolom bagian bawah

y/b = 0 (dianggap dukunganjepit)

¥m = (Va + W)I2 = (6,31 +0)/2 = 3,155

Nilai kdiambil dengan rumus Furlong (Wang dan Salmon, 1987):

Vm > 2,0

k=0,9.(1+y/J!2 = 0,9.(1 +3,155)"2= 1,835
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Cek kelangsingan kolom K2 portal bergoyang
A = 700 x 700 = A,9E5 mm2

r=<{IIA) =V(2Zf10/4,9/-3)=202,03
E=4100 mm (panjang bersih kolom lantai 1)
(k.L)lr =(1,835.4100)7202,03 =37 >22 (kolom langsing)

P -*2Eh _ 3.1421,59£14.10^
cK2 ~jw=~ih^57i?j5r~=27640'5546 kN

A,,o = /V,,,*,^ = 4557,8337 kN

Dengan cara yang sama dapat dihitung kelangsingan dan gaya tekuk Euler untuk
kolom Kl dalam satu tingkat yang sama dan dalam satu portal arah xyang sama
(disajikan pada Tabel 8.7)

P«x\ = N„,kx\ = 3576,4134 kN

^ca*i = 7369,2149 kN

ZP„ =2.3576,4134 +2.4557,8337 =16268,4942 kN
^Pc =2.7369,2149 +2.27640,5546 =70019,5390 kN
Faktor pembesaran momen

s =_L__- *
V" ,_^_ ~^16268794277 =!'4474 >!

$LPC 0^65.70019^390

Dengan cara yang sama didapat perhitungan kolom dan faktor kelangsingan
kolom-kolom yang lain, disajikan pada Tabel 8.7.
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8.2.4 Penulangan Kombinasi Lentur dan Aksial Kolom

Sebagai contoh perhitungan penulangan kombinasi lentur dan aksial kolom adalah
Kolom K2 Lantai 1.

Diketahui dari perhitungan sebelumnya:

Pu = K,k = 4557,8337 kN

MllXx= 593,6729 kNm ; 4V= 1,4474

MCJC = Ss.x. MuXx = 1,4474.593,6729 = 859,2822 kNm

MuM,y= 503,4646 kNm ; 4,,.= 1,3040

Mcy = Sh.y. MuXy = 1,3040.503,4646 = 656,5178 kNm

Eksentrisitasnya adalah:

ex = MJPU = 859,2822/4557,8337 = 0,189 m = 189 mm

ey = McylPu = 656,5178/4557,8337 = 0,144 m = 144 mm

Untuk menentukan harga-harga dan Px dan Py diperlukan Gambar 7.7 Diagram
Interaksi Kolom Ukuran 700 mm x 700 mm, dalam lentur uniaksial masing-masing
terhadap sumbu x dan sumbu y, oleh karena sifat simetris dalam hal ini, hanya
diperlukan diagram tunggal yang telah dibuat sebelumnya. Dari Diagram Interaksi
Kolom 700 mm x700 mm , diambil penulangan 32D25 dengan Ast = 15707,96 mm2,
jadi pg =AslIAg = 15707,96/490000 =0,032, ditentukan Px dan Py (cara penentuan Px
dan Py lihat Gambar 8.9)

untuk ex= 189 mm didapat 0P„,X = 5800,0000 kN

untuk ey = 144 mm didapat <j>Pny = 6700,0000 kN

dan #P0= 10850,1300 kN

Kemudian dengan menggunakan persamaan Bresler didapat <f,Pn (Wang dan Salmon,
1993):

1l<f>Pn = (1 /0P„iX) + (1 /<j,Pny) - (]i<fjpo)

ll(f>Pn = (1/5800,0000) +(1/6700,0000) - (1/10850,1300)

didapat, </>Pn =4562,0732 kN > (Pu =4557,8337 kN) - aman -

Jadi tulangan kolom 32D25, dengan penempatan tulangan 9D25 pada masing-masing
sisi dapat dipergunakan pada kolom K2 Lantai 1.

Dengan cara yang sama dapat dihitung penulangan lentur dan aksial kolom-kolom
yang lain, disajikan pada Tabel 8.8.
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Tabel 8.8 Penulangan Kombinasi Lentur dan Aksial Kolom Daktilitas Terbatas

Kc>

lorr

Lt Aral- Ukuran

bxh

(mm)

Ss Mu.k

(kNm)

Mc

(kNm)

PulNu.k

(kN)

e

(mm

Tul.

total

Tul.

tiap

sisi

P

total

Diagram Interaksi Kolom

(kN)

c*Po

(kN)

#Pn>Pu
(kN)

(jtMn

(kNm)

ir 12 Pi |4) i5l 161 P) [8] l9l |10j 1111 (12] [13] [141 [151 (161
K1 1 Sb-x

Sb-y

700x70C

700x70C

1,4625

1,6027

493,7434

533,3241

722,297*

854,7586

3576,4134 20'

23S

32D25 9D25

9025

0,032 5600.000C

5000.000C

10850.130C 3631,2008 733,3622

867,8527
Sb-x

Sb-y

700x70C

700x70C

1,381(3

1,4902

537,8772

554,8416

743.2387

826.825C

2769.258C 266

29=

32D25 9025

9D25

0.032 4500.000C

4100,0000

1Q850.130G 2781,0471 746.4028

830,3449
3 Sb-x

Sb-y
700x70C

700x700

1,2451

1,3257

527,0022

495,2434

656,1704

656,5442

1906,1099 344

344

32D25 9D25

9D25

0,032 3500,0000

3500,0000

10850,1300 2169,9950 747,0118

747,4373
4 Sb-x

Sb-y
700x700

700x700

1,0955

1,1592

547,9727

381,1187

600.3041

441,7928

1049,8391 572

421

32D25 9025

9D25

0,032 2700,0000

2500,0000

10850,1300 1533,4583 876,8404

645,3092
5 Sb-x

Sb-y
700x700

700x700

1,1251

1,0292

555,5819

210,0029

625,0852

216,1350

628,0071 995

344

32D25 9D25

9D25

0,032 2000,0000

950,0000

10850,1300 712,1011 708,7879

245,0768
K2 1 Sb-x

Sb-y
700x700

700x700

1,4474

1,3040

593.6729

503.4646

859,2822

656,5178

4557,8337 189

144

32025 9025

9D25

0,032 5800,0000

6700,0000

10850,1300 4562,0372 860,0746

657,1233
2 Sb-x

Sb-y
700x700

700x700

1,4100

1,2177

587,3415

524,3944

828,1515

638,5551

3371,0214 246

189

32D25 9D25

9D25

0,032 4800,0000

5650,0000

10850,1300 3411,1102 838,0000

646.1489
3 Sb-x

Sb-y
700x700

700x700

1,2451

1.1353

557,5623

438,5556

694,2208

497,8922

1952,6831 356

255

32025 9D25

9D25

0,032 3050.0000

4300,0000

10850,1300 2135,5557 759.2360

544,5207
4 Sb-x

Sb-y
700x700

700x700

1,0955

1,0630

229,5463

316,4690

251,4680

336,4065

828,4981 304

406

32D25 9D25

9D25

0,032 1500,0000

1700,0000

10850,1300 860,0396 261,0415

349,2138
K3 1 Sb-x

Sb-y

700x700

700x700

1,2039

1,6099

360,4187

453,7388

433,9081

730,4741

2060,1189 211

355

16025 5025

5D25

0,016 4300.0000

2750,0000

8809,1250 2071,7838 436,3650

734,6102
2 Sb-x

Sb-y
700x700

700x700

1,1771

1,4594

374,3211

465,5453

440,6134

679,4168

1657,4722 264

407

16D25 5025

5D25

0,016 3600,0000

2300,0000

8809,1250 1669,3328 441.1050

680,1749
3 Sb-x

Sb-y
700x700

700x700

1,1242

1,3257

350,5438

442,4165

394,0813

586,5116

1148,6460 343

511

16D25 5025

5D25

0,016 2400,0000

2000,0000

8809,1250 1245,1005 427,1733

635,7623
4 Sb-x

Sb-y
700x700

700x700

1,0716

1,1592

293,0936

412,2795

314,0791

477,9144

652,2209 482

733

16025 5D25

5D25

0,016 1500,0000

1100,0000

8809,1250 683,8828 329,3260

501,1146
5 Sb-x

Sb-y
700x700

700x700

1,0109

1,0292

125,7149

176,0907

127,0852

181,2325

213,8619 594

847

16025 5D25

5D25

0,016 1000,0000

800,0000

8609,1250 468,0593 278,1393

396,6465
K4 1 Sb-x

Sb-y
700x700

700x700

1,2039

1,1520

449,3895

466,9644

541,0200

537,9430

2031,4959 266

265

16D25 5D25

5D25

0,016 3500,0000

3500,0000

8809,1250 2183,8356 581,5905

578,2828
2 Sb-x

Sb-y

700x700

700x700

1,1771

1,1047

475,1993

372,1103

559,3571

411,0702

1626,6961 344

253

16D25 5D25

5D25

0,016 2800,0000

3700,0000

8809,1250 1945,9248 669,1273

491,7402
3 Sb-x

Sb-y
700x700

700x700

1,1242

1,0758

433,5055

372,7670

487,3469

401,0227

1148,7330 424

349

16025 5025

5D25

0,016 2000,0000

2750,0000

8809,1250 1333,1241 565,5743

465,3937
4 Sb-x

Sb-y
700x700

700x700

1,0716

1,0449

342.2072

315,3994

366,7092

329,5608

679,7774 539

485

16D25 5025

5D25

0,016 1200,0000

2300,0000

8809,1250 866,1028 467,2234

419.8927

5 Sb-x

Sb-y
700x700

700x700

1,0109

1,0148

125,8530

80,5707

127,2248

81,7631

246,9810 515

331

16D25 5D25

5D25

0,016 500,0000

600,0000

8809,1250 281,4406 144,9756

93,1710

K5 1 Sb-x

Sb-y
700x700

700x700

1,2039

1,3040

481,9991

569,1111

580,2787

742,1209

2436,3864 238

305

16D25 5D25

5D25

0,016 3900,0000

3700,0000

8298,8800 2461,9485 586,3669

749,9071
2 Sb-x

Sb-y
700x700

700x700

1,1771

1,2177

498,9088

524,3853

587,2655

638,5440

1854,2792 317

344

16D25 5D25

5D25

0,016 3100,0000

3000,0000

8298,8800 1867,7073 591,5183

643,1681
3 Sb-x

Sb-y
700x700

700x700

1,1242

1,1353

461,8369

510,1882

519,1970

579,2167

1231,6981 422

470

16D25 5D25

5D25

0,016 2400,0000

2000,0000

8298,8800 1256,0156 529,4476

590,6522
4 Sb-x

Sb-y
700x700

700x700

1,0716

1,0630

297,4443

439,2691

318,7413

466,9431

742,9136 429

629

16D25 5D25

5D25

0,016 1000,0000

2200,0000

8298,8800 749,5986 321,6095

471.1448

5 Sb-x

Sb-y

700x700

700x700

1,0109

1,0177

206,6904

300,9090

208,9433

306,2351

287,2254 727

1066

16D25 5D25

5D25

0,016 750,0000

600,0000

8298,8800 347,2823 252,6320

370,2668

K6 1 Sb-x

Sb-y
250x700

700x250

1,2370

1,1520

187,3993

92,0900

231,8129

106,0877

1063,1187 218

100

20D22 8D22

6D22

0,043 2100,0000

1500,0000

4392,8800 1092,6382 238,2497

109.0334
2 Sb-x

Sb-y

250x700

700x250

1,3081

1,1047

161,0721

93,0350

210,6984

102,7758

796,9540 264

129

20D22 8D22

6022

0,043 2000,0000

1250,0000

4392,8800 932,5236 246,5403

120,2589
3 Sb-x

Sb-y
250x700

700x250

1,1940

1,0758

153,5751

83,8589

183,3687

90,2154

558,2060 328

162

20D22 8D22

6D22

0,043 1500,0000

900,0000

4392,8800 645.1044 211,9145

104,2596
4 Sb-x

Sb-y
250x700

700x250

1,1130

1,0449

128,6607

63,3360

143,1994

66,1798

338,0996 424

196

20D22 8D22

SD22

0,043 1200,0000

750,0000

4392,8800 515,7230 218,4303

100,9479
5 Sb-x

Sb-y

250x700

700x250

1.0452

1,0148|
104.0298

39,5304|
108,7319

40,1154

137,4114 791

292|
20D22 BD22

5D22

0.043 950,0000

500,00001
4392,8800 353,9835 280,1028

103,3408
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Tabel 8.8. _anjuta n

Ko

lom

Lt. Arah Ukuran

bxh

(mm)

iS.V Mu.k

(kNm)

Mc

(kNm)

PulNu.k

(kN)

e

(mm)

Tul

total

Tul.

tiap

sisi

n

total

Diagram Interaksi Kolom

ipMn

(kNm)

(4P

(kN)

(•Po

(kN)

ipPn>Pu
(kN)

J1L (21 R [41 [51 [61 PI [81 PI [10] I11! [12] [131 [141 [15] [161

K7 1 Sb-x

Sb-y

250x700

700x250

1,2370

1,3040

189,3795

98,3578

234,2624

128,2586

1222,0929 192

105

20D22 8D22

6D22

0,043 2500,0000

1550.0000

4392,8800 1223,2114 234,4768

128,3760

2 Sb-x

Sb-y

250x700

700x250

1,3081

1,2177

176,2383

97,5951

230.5373

118,8416

925,5389 249

128

20D22 8D22

6D22

0,043 2050,0000

1250,0000

4392,8800 943,2505 234,9490

121,1158

3 Sb-x

Sb-y

250x700

700x250

1,1940

1.1353

166,1570

87,2628

198,3915

99.0695

612,0370 324

162

20D22 8D22

6D22

0,043 1550,0000

800,0000

4392,8800 599,6929 194,3901

97.0713

4 Sb-x

Sb-y

250x700

700x250

1,1130

1,0630

153,2958

72,1371

170,6182

76,6817

367,3047 465

209

20D22 8D22

6D22

0,043 1000,0000

550,0000

4392,8800 386,0198 179,3117

80,5889

5 Sb-x

Sb-y

250x700

700x250

1,0452

1,0177

93,9652

64,5152

98,2124

65,6571

152,5629 644

430

20D22 8D22

6D22

0,043 700,0000

300,0000

4392,8800 220,5430 141,9746

94,9131

K8 1 Sb-x

Sb-y

250x700

700x250

1,1251

1.1520

160,8663

95,6211

180,9907

110,1555

780,3075 232

141

20D22 8D22

6D22

0,043 2100,0000

1200,0000

4392,8800 924,3146 214,3928

130,4849

2 Sb-x

Sb-y

250x700

700x250

1,0589

1,1047

151.5171

92,6339

160,4415

102,3327

651,4034 246

157

20022 8D22

6D22

0,043 2000,0000

800,0000

4392,8800 656,8753 161,7892

103,1923

3 Sb-x

Sb-y

250x700

700x250

1,0416

1,0758

140,0280

94,2219

145,8532

101,3639

463,6468 315

219

20022 8022

6D22

0,043 1900,0000

550,0000

4392,8800 472,3986 148,6063

103,2773

4 Sb-x

Sb-y

250x700

700x250

1,0266

1,0449

112,9212

75,0518

115,9249

78,4216

278,4936 416

282

20D22 8D22

6D22

0,043 1100,0000

350,0000

4392,8800 282,5982 117,6335

79,5775

5 Sb-x

Sb-y

250x700

700x250

1,0115

1,0148

89,8632

70,8826

90,6966

71,9317

119,2149 762

603

20D22 8022

6D22

0,043 700,0000

250,0000

4392,8800 192,2733 146,6007

116,0135

K9 1 Sb-x

Sb-y

250x700

700x250

1,1251

1,3040

189,4881

84,3191

213,1931

109,9521

1007,5842 212

109

20D22 8D22

6D22

0,043 2100,0000

1400,0000

4392,8800 1038,5994 219,7555

113,3366

2 Sb-x

Sb-y

250x700

700x250

1.0589

1,2177

169,0719

79,8166

179,0302

97.1927

739,0862 242

132

20D22 8D22

6D22

0,043 1900,0000

1200,0000

4392,8800 883,3860 213,9842

116,1686

3 Sb-x

Sb-y

250x700

700x250

1,0416

1,1353

143,8580

69,2937

149,8425

78,6691

489,9558 306

161

20D22 8022

6D22

0,043 1400,0000

900,0000

4392,8800 625,8779 191,4114

100,4933

K9 4 Sb-x

Sb-y

250x700

700x250

1,0266

1,0630

134,7549

56,9221

138,3394

60,5082

318,0864 435

190

20D22 8D22

6D22

0,043 1200,0000

850,0000

4392,8800 561,1160 244,0357

106,7386

5 Sb-x

Sb-y

250x700

700x250

1,0115

1,0823

103,8744

42,9387

105,0690

46,4726

156,7713 670

296

20022 8D22

6D22

0,043 600,0000

300,0000

4392,8800 209,5400 140,4348

62,1151

Keteranyan Tabel 8.8:

[1] Kolom yang ditinjau

[2] Lantai kolom yang ditinjau

[3] Arah momen yang bekerja sejajar sb-x dan sb-y

[4] Ukuran kolom

[5] cSs = faktor pembesaran momen (Tabel 8.7)

[6] Mu.k = momen rencana kolom terpakai

[7] Mc=Ss.Mu.k (Momen rencana yang telah diperbesar)

[8] Pu =Nu.k = gaya aksial rencana kolom terpakai
[9] e = Mc IPu (eksentrisitas)

[10] Tulangan terpasang

[11] Tulangan terpasang pada tiap-tiap sisi
[12] p- rasio tulangan terpasang
[13] tpPx dan ^Py (dilihatpada diagram interaksi kolom)
[14] ijiPo (dilihat pada diagram interaksi kolom)
[15] i/>Pn - hasildaripersamaan Bresler1/<*Pn = 1/ciPx + 1/c*Py- MijtPo

tfiPn >Pu (tulangan terpasang aman digunakan)
[16] ipMn = ijtPn e (Momen nominal kolom)

dengan <4 = 0,65
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8.2.5 Gaya Geser Rencana Kolom
Gaya geser rencana kolom diperoleh dengan persamaan berikut (Andriono dan

Takim,1993)

Vn.k =1,05.(K/u,v+ VLXx+ CDd.K.(VEXx +0,3.VEX>)

dengan:

cod = 1(untuk lantai 1dan 5)

cod = 1,3 (untuk lantai 2,3, dan 4)

K = 2

Sebagai contoh perhitungan ditinjau pada kolom K2 lantai 1.
Diketahui:

VDXx = 56,3700 kN

VLXx= 15,4000 kN

l/£t.x=l 77,9300 kN

VEXy= 118,5200 kN

Vu,k = 1,05.(1 d,a+ VLk+ oxl.K.(VEXx+ 0,3.VEX}/)
=1,05.(56,3700+15,400+1.2.(177,9300 +0,3.118,5200)

= 445,1272 kN

Dengan cara yang sama didapat gaya geser maksimum kolom lainnya disajikan pada
Tabel 8.9.
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8.2.6 Penulangan Geser Kolom

Sebagai contoh perhitungan penulangan geser kolom ditinjau pada kolom K2 lantai

1, adalah sebagai berikut ini. (Kusuma, dan Andriono, 1993)

- Penulangan geser sepanjang l0

Syarat panjang l0 dari muka balok (SK-SNI T-l5-1991-03):

l0>h = 700 mm, bila N„,k < 0,3.Ag.f'

l0 > 1,5 h = 1,5.700 = 1050 mm, bila Nu,k > 0,3.Ag.f'

(Nu,k = 4557,8337 kN) > (0,3.700.700.25 = 3675 kN), dipakai h = 1050 mm

0,5.F = 0,5 1 +
N u.k

IA.A,.
- A/fc\b.d = 0,5
6

4557,8337

14.700.700
1+- /25.700.635,5 = 313,7962 kN

Kv.a = V,,k 10,6 - 0,5. Vc = 445,1272/0,6 - 313,7962 = 428,0824 kN

X= (Ayf,d)/ Vs,k =3.0,15.7r.\l2.lA0.635,5 I4280824 = 127,83 mm

Jarak maksimum tulangan geser pada daerah l0 (SK-SNI T-l5-1991-03):

- 1/2./? = 1/2.700 = 350 mm

- 10 kali diameter tulangan longitudinal = 10.25 = 250 mm

- 200 mm

dipakai 3P12-120

Cek tulangan geser,

Vs,k = (Ay.fyd)IS =(3.0,15.k.II2.240.635,5 / 120). 10"3 =331,7313 kN

0,6( Vs* + Vc) = 461,8893 kN > VuJk = 445,1272 kN - aman -

- Penulangan geser daerah diluar /„

1 +
Kjt

14. A,.
g _

1 4ffb-d 1 +
4557,8337

14.700.700
- V25.700.635.5 = 627,5925 kN
6

Va = Vuf0fi Vc = 445,1272/0,6 - 627,5925 = 114,2862 kN

S=(AyfydyVsM = 2.0,25.yr,122.240.635,5 / 1142862 = 319,2019 mm

dipakai 2P12-250

Cek tulangan geser kolom,

Vs,k =(AV:fd)/ S=(2.0,25.7t.l22.240.635,5, 250). 10'? = 145,9323 kN

0,6(K,.*+ K)= 464,1112 kN > VnM = 445,1272 kN - aman -

Dengan cara yang sama didapat dimensi dan jarak sengkang geser kolom lainnya yang

disajikan pada Tabel 8.10.
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Tabel 8.10 Penulangan Geser Kolom Daktilitas Terbatas

Ko

lom

Lan

tai

/

(m)

In

Cm)

b h Nu.k

(kN)

0,3.

Ag.fc

(kN)

Lokasi Jarak

(mm)

Vu.k

(kN)

Vc

(kN)

Vs

(kN)

S

(mm)

Smax

(mm)

rul.ges

erpakai

Vu,k<

3,6(Vs +Vc)

(kN)

m n HI 141 (*"} lRl m IB] |9] [10] 111] 112] 113] [14] |1b| 116] 117]

K1 1 5.4 4,1 700 700 3576,4134 3675,0000 Pada lo

Luar lo

0-700

sisa

304.7155

304,7155

283,9840

567,9681

325,4470

-60,1089

112,10

-606,92

200

400

2P12- 100

2P12- 300

389,2796

413,7439

2 3,8 3,1 700 700 2769,2580 3675,0000 Pada lo

Luar to

0-700

sisa

362,4697

362,4697

262,0206

524,0413

342,0955

80,0749

106,64

455.59

200

400

2P12- 100

2P12- 300

376,1016

387,3878

3 3,8 3.1 700 700 1906,1099 3675,0000 Pada to

Luar lo

0-700

sisa

308,7731

308,7731

238,5336

477,0672

276.0882

37,5546

132,14

971,43

200

400

2P12- 100

2P12- 300

362,0094

359,2034

4 3,8 3,1 700 700 1049,8391 3675,0000 Pada to

Luar lo

0-700

sisa

310,2884

310,2884

215,2337

430,4674

301.9136

86,6799

120,83

420.88

200

400

2P12- 100

2P12- 300

348,0294

331,2435

5 3,8 3,1 700 700 628,0071 3675,0000 Pada to

Luar lo

0-700

sisa

265,0166

265,0166

203,7553

407,5106

326.2779

34,1837

111.81

1067,22

200

400

2P12- 100

2P12- 300

341,1424

317,4694

K2 1 5,4 4.1 700 700 4557.8337 3675.0000 Pada lo

Luar lo

0-1050

sisa

445.1272

445.1272

313,7962

627,5925

428,0824

114,2862

127,83

319,21

200

400

3P12- 100

2P12- 250

500.9766

464.1112

2 3,8 3.1 700 700 3371.0214 3675,0000 Pada lo

Luar lo

0-700

sisa

457.9848

457,9848

300.6668

601,3335

462,6412

147,2495

118,28

259,55

200

400

3P12- 100

2P12- 250

508,7339

465,0331

3 3.8 3.1 700 700 1952.6831 3675,0000 Pada lo

Luar lo

0-700

sisa

429.0129

429,0129

271,4546

542,9092

443,5669

152,5818

123.38

250,48

200

400

3P12- 100

2P12- 250

491,2066

429.9785

'

3,8 3,1 700 700 828,4981 3675,0000 Pada lo

Luar lo

0-700

sisa

334.3505

334,3505

209,2108

418,4217

348.0400

138.8292

154.73

262,78

200

400

3P12- 100

2P12- 250

344,4157

338,6087

K3 1 5.4 4.1 700 700 2060.1189 3675.0000 Pada lo

Luar lo

0-700

sisa

229.1352

229,1352

242,7243

485,4486

139.1677

-103,5566

262.14

-352.29

200

400

2P12- 200

2P12- 300

255.0792

364,2323

2 3.8 3,1 700 700 1667.4722 3675,0000 Padalo

Luar lo

0-700

sisa

246.8981

246,8981

232.0401

464,0801

179,4568

-52,5833

203.29

-693,79

200

400

2P12- 200

2P12- 300

248,6686

351,4111

3 3,8 3,1 700 700 1148,6460 3675,0000 Pada lo

Luar lo

0-700

sisa

228,9710

228,9710

217,9223

435,8447

163,6960

-54,2263

222,86

-672,76

200

400

2P12- 200

2P12- 300

240,1980

334,4699

4 3,8 3,1 700 700 652,2209 3675,0000 Pada lo

Luar lo

0-700

sisa

187,3162

187,3162

204,4142

408,8283

107,7795

-96,6347

338,48

-377,52

200

400

2P12- 200

2P12- 300

232,0931

318,2601

5 3,8 3,1 700 700 213,8619 3675,0000 Pada lo

Luar lo

0-700

sisa

82,3662

82,3662

192.4860

384,9721

-55.2090

-247.6951

-660,79

-147,28

200

400

2P12- 200

2P12- 300

224,9362

303,9463

K4 1 5,4 4,1 700 700 2031,4959 3675,0000 Pada lo

Luar lo

0-700

sisa

216,5121

216,5121

241,9455

483,8909

118,9080

-123,0374

306,80

-296,51

200

400

2P12- 200

2P12- 300

254,6119

363,2976

2 3,8 3,1 700 700 1626,6961 3675,0000 Padalo

Luar to

0-700

sisa

247,2674

247,2674

230,9305

461,8610

181,1818

-49,7487

201,35

-733,32

200

400

2P12- 200

2P12- 300

248,0029

350,0797

3 3,8 3,1 700 700 1148,7330 3675,0000 Pada lo

Luar to

0-700

sisa

223,2962

223,2962

217,9247

435,8494

154,2356

-63,6891

236,53

-572,81

200

400

2P12- 200

2P12- 300

240,1994

334,4727

4 3,8 3,1 700 700 679,7774 3675.0000 Padalo

Luar to

0-700

sisa

163,3468

163,3468

205,1640

410,3280

67,0807

-138,0834

543,85

-264,20

200

400

2P12- 200

2P12- 300

232,5430

319,1599

5 3,8 3,1 700 700 246,9810 3675,0000 Pada lo

Luar lo

0-700

sisa

69,8544

69,8544

193,3872

386,7745

-75,9632

-270,3505

-474,01

-134,94

200

400

2P12- 200

2P12- 300

225,4770

305,0278

K5 1 5,4 4,1 700 700 2436,3864 3675,0000 Pada lo

Luar to

0-700

sisa

276,0429

276,0429

278,2592

556,5184

181,8123

-96,4469

200,65

-378,26

200

400

2P12- 200

2P12- 300

276,4001

406,8741

2 3.8 3,1 700 700 1854,2792 3675,0000 Padalo

Luar to

0-700

sisa

300,0999

300.0999

260,8356

521,6711

177,2822

-21,5046

205,78

-1696,45

200

400

2P12- 200

2P12- 300

307,6391

385,9658

3 3,8 3,1 700 700 1231,6981 3675,0000 Pada lo

Luar lo

0-700

sisa

275,7485

275,7485

220,1823

440,3645

177,3323

19,2163

205,72

1898.47

200

400

2P12- 200

2P12- 300

283,2471

337,1818

4 3,8 3,1 700 700 742,9136 3675,0000 Pada lo

Luar lo

0-700

sisa

175,6526

175.6526

206.8820

413.7640

85,8723

-121.0097

424,83

-301,48

200

400

2P12- 200

2P12- 300

233,5738

321,2215

5 3,8 3,1 700 700 287,2254 3675,0000 Pada lo

Luar to

0-700

sisa

139.6857

139,6857

194.4823

388,9646

38,3272

-156,1551

951.85

-233,62

200

40C

2P12- 200

2P12- 30C

226,1340

306,3413

K6 1 5,4 4,1 250 70C 1063,1187 1312,5000 Pada lo

Luar lo

0-700

sisa

86,4822

86.4822

95,5951

191,1901

48,541 S

-47,0531

497,04

-512,77

20C

40C

2P10- 15C

2P10- 25C

153.867C

172,6201

2 3,8 3,1 250 700 796,9540 1312,5000 Pada lo

Luar lo

0-700

sisa

104,7245

104,7245

88,3525

176.705C

86,1883

-2.1641

279,94

-11148.7

20C

40C

2P10- 15C

2P10- 25C

149,5214

163.929C

3,8 3,1 25C 70C 558.206C 1312.500C Pada Ic

Luar lo

0-700

sisa

90,2607

90,2607

81,855£

163,711s

68,5786

-13,2774

351,8:

-1817.1S

20C

40C

2P10- 15C

2P10- 25C

145.623E

156,1331

4 3,8 3,1 25C 70C 338.0996 1312,500C Pada Ic

Luar lo

0-700

sisa

69,552C

69.552C

75,8667

151.733C

40,053:

-35,813;

602,3£

-673.7C

20C

40C

2P10- 15C

2P10- 25C

142.029S

148.946C_

C 3,E 3,1 25C 70C 137,4114 1312.500C Pada Ic

Luar lo

0-700

sisa

41,170c

41.170"

70,4055

140,811E

-1,788:

-72,194C

i -13492,;

) -334,2C

» 20C

) 40C

) 2P10- 15C

) 2P10- 25C

) 138,753^

) 142,392"_
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Ta bel 3.10. lanjutan
Ko

lort

- Lan

1 tai

- /

(m)

In

(m)

b

(mm

h

(mm

Nu.k

(kN)

0,3.

Ag fc

(kN)

Lokas Jarak

(mm)

Vu.k

(kN)

Vc

(kN)

Vs

(kN)

S

(mm)

S max Tul.ges

terpakai

Vu.k<

0,6(Vs +Vc)

1' w V\ -Jl] P\ |6| [7) IB) l9l [10] [11] 112] 113] 114] {151 116] 1171
K/ 1 5,4 4,1 25C /OC 1222,0925 1312.5O0C Pada Ic

Luar lo

0-700

sisa

126,9366

126,9366

119,9051

239,8101

91,6555

-28,2491

263,24

-854,10

20C

400

2P10- 15C

2P10- 250

'"'

168,4530

201 7921

""

3,« 3,1 260 70C 925,5389 1312,5000 Padalo

Luar lo

0-700

sisa

160,8665

160,8669

110,2217

220,4434

157,8898

47,6681

152,81

506,16

200

400

2P10- 150

2P10- 250

162,6430

190 1720
J 3.8 3.1 250 700 612,0370 1312,5000 Pada lo

Luar lo

0-700

sisa

132,0665

132,0665

83,3207

166,6415

136,7901

53,4694

176,38

451,24

200

400

2P10- 150

2P10- 250

146,5024

157 8909
4 3.8 3.1 250 /OO 367,3047 1312,5000 Pada lo

Luar lo

0-700

sisa

91,8439

91,8439

76,6614

153.3227

76,4118

-0,2495

315,76

-96688,60

200

400

2P10- 150

2P10- 250

142,5068

149 8996
b 3.8 3.1 250 /00 152,5629 1312,5000 Pada lo

Luar lo

0-700

sisa

35,0742

35,0742

70,8180

141,6361

-12,3610

-83,1791

-1951,90

-290.07

200

400

2P10- 150

2P10- 250

139,0008

142,8876
t\8 1 5.4 4,1 250 700 780,3075 1312,5000 Pada lo

Luar lo

0-700

sisa

74,6529

74,6529

87,8995

175,7990

36,5220

-51,3775

660,63

-469,61

200

400

2P10- 150

2P10- 250

149,2497

163 3854
I 3.8 3,1 250 /OO 651,4034 1312,5000 Pada lo

Luar lo

0-700

sisa

95,0401

95,0401

84,3919

168,7839

74.0082

-10.3837

326,01

-2323,59

200

400

2P10- 150

2P10- 250

147,1451

159 1763
J 3,8 3.1 250 /OO 463,6468 1312,5000 Pada lo

Luar lo

0-700

sisa

83,1346

83,1346

79,2829

158,5658

59,2748

-20,0081

407,04

-1205,88

200

400

2P10- 150

2P10- 250

144,0797

153 0455
4 3.8 3.1 250 /OO 278,4936 1312,5000 Pada lo

Luar lo

0-700

sisa

63,9797

63,9797

74,2447

148,4894

32.3881

-41,8566

744,95

-576,43

200

400

2P10- 150

2P10- 250

141,0568

146 9996
5 3.8 3,1 250 /OO 119,2149 1312,5000 Pada lo

Luar lo

0-700

sisa

38.8521

38,8521

69,9106

139,8212

-5,1571

-75,0677

-4678,49

-321,41

200

400

2P10- 150

2P10- 250

138,4563

141,7987
Ky 1 5,4 4,1 250 700 1007,5842 1312,5000 Pada lo

Luar lo

0-700

sisa

122,3208

122,3208

94,0839

188,1678

109,7841

15,7002

219,77

1536,77

200

400

2P10- 150

2P10- 250

152,9603

170 8067
I 3,8 3,1 260 /OO 739,0862 1312,5000 Pada lo

Luar lo

0-700

sisa

147,1567

147,1567

86,7779

173,5557

158,4833

71,7055

152,24

336,48

200

400

2P10- 150

2P10- 250

148,5767

162 0394
6 3,8 3,1 250 /OO 489,9558 1312,5000 Pada lo

Luar to

0-700

sisa

119,7525

119,7525

79,9988

159,9976

119,5887

39,5899

201,75

609,44

200

400

2P10- 150

2P10- 250

144,5092

153 9045
4 3.8 3,1 260 /OO 318,0864 1312,5000 Pada lo

.uarlo

D-700

sisa

82.9563

82,9563

75,3221

150,6442

62,9384

-12,3837

383,35

-1948,33

200

400

2P10- 150

2P10- 250

141,7032

148 2925
5 3,8 3,1 260 /OO 156.7713 1312,5000 ">ada lo

-uar lo

"1-700

sisa

29,9250

29,9250!
70,9326

141,86511
-21,0576

-91,9901

-1145,79

-262,28

200

400

2P10- 150

2P10- 250

139,0695

143,0250

Keterangan Tabel 8.10:
[1] Kolom yang ditinjau
[2] Lantai kolom yang ditinjau
[3] / = panjang kolom
[4] In = panjang bersih kolom
[5] b = lebar penampang kolom
[6] h = tinggi penampang kolom
[7] Nu.k =gaya aksial terpakai kolom (Tabel 8.6)
[8] 0.3.Ag.fc dengan Ag=b h , fe'=25 MPa
[9] Daerah penulangan geser
[10] Jarak penulangan geser dari muka kolom

lo-h =700 mm untuk Nu.k<0,3.Ag.fc'
/o=1,5/.=1050 mm untuk Nu.k>0,3.Ag.fc'
lo=1,5h=1050 mm untuk Nu,k>0,3.Ag.'c'

[11] Vu.k = gaya geser rencana kolom (Tabel 8.9)
[12] Vc = [1+ Wo.*/(14.^g)].(1/6).(fc'A0,5.6.d)

( gaya geser beton)
[13] Vs = Vu,k/0,6- Vc
[14] S ={Av.fy.d)IVs dengan:

diameter sengkang = 12 mm (untuk kolom K1 s/d K5),
diameter sengkang = 10mm (untuk kolom K6 s.d K9)

fy=240 MPa d=640 mm

[15] Smaks = 8.d tul. pokok
[16] Tulangan geser kolom terpasang
[17] Vu.k<0,6(Vs +Vc) tulangan geser aman


