
5.1 Pembebanan

Gelagar Interior

BABV

DESAIN DAN PEMBAHASAN

b= 1800 mm

Y////////JJ"'"''.f.tm

16 mm

(hrdor ^~~ 5000 mm

• •
59 mm

H

480 mm

y lapisan asplial

90 mm

tebal slab

20(1 mm

Gambar 5.1 Penampang melintang gelagar interior
Lokasi 15

Beban mati struktur (DC)

• Slab beton =23,536x0,2x1,8

• Berat girder (asumsi)

Beban mati merata total (Wdc)

Beban mati akibat asphal (DW)

• Perkerasan asphal = 22,072 x 0,09 x 1,8
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5.2 Faktor distribusi (mg)

5.2.1 Faktor distribusi momen (mgm)

Untuk L= 70 m

• Satu pembebanan jalur rencana

mgm = 0.06 + 4300j {/J [u^
untuk perencanaan awal Kg/Lts? = 1(asumsi)

,0.4

mgf = 0.06 + 1800

,4300y

dua pembebanan jalur rencana

f 1800

70.000
(if =0.2954

\Lts J
m8„

Mi
0.075 +

l2900j {LJ

Mimgm" =0.075-
v290oJ t70.00oJ ^

diambil yang terbesar mgm = 0.4362

UnutkL= 140 m

• Satu pembebananjalur rencana

mg„, =0.06 +
( S }

0.4. soy x
s Kg

0.1

mgm =0.06 +

v4300; ^Ly

untuk perencanaan awal Kg/Lts3 = 1(asumsi)

( 1800

\Lts J

ri8oo>0-4^ — no-3
4300 I 73000

(l)01= 0.2924

0.4362
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• dua pembebanan jalur rencana

Mi

mg„; = 0.075 + M YY^YT % Y
\29Q0) P kW

Mi
mgm =0.075 +

1800^

2900

jsooy
.73000J

diambil yang terbesar mgm =0.433

5.2.2 Faktor distribusi geser (mgv)

Untuk L= 70 m

• Satupembebanan jalur rencana

.V ^
mgv = 0.36 +

7600

1800mgf = 0.36 +
V7600;

dua pembebanan jalur rencana

mgv=Q2 +\ S

= 0.5968

S

3600; U0700

1800

Of =0.43:

mgf" = 0.2 +
.3600J [l070oJ

diambil yang terbesar mgv = 0.671

UnutkL= 140 m

• Satu pembebanan jalur rencana

( 5 ^

= 0.671

mgv =0.36 +
7600
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m^f'= 0.36 +fl800U 0.5968
^7600 J

dua pembebanan jalur rencana

Mi A ~ I O O 1
/?/!,',. = 0.2 •

tngy =0.2 +

3600; 1,10700

fl800^ M800

1,3600; 10700
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= 0.671

diambil yang terbesar mgv = 0.671

5.3 Pembebanan pada gelagar menerus

5.3.1 beban mati

Perhitungan momen dan gaya geser akibat beban mati dilakukan dengan

menggunakan program SAP 2000 dan dapat dihhat pada Tabel 5.1 dan Tabel 5.2

5.3.2 beban hidup

1. Menghitung momen dan gaya geser akibat beban hidup terpusat

Untuk mendapatkan momen dan gaya geser akibat beban hidup terpusat

dengan cara mengalikan beban terpusat dengan ordinat garis pengaruh. Tiap

bentang pada gelagar dibagi menjadi beberapa segmen yang tiap segmennya

sebesar 5 meter mulai dari lokasi 1 sampai dengan 57. Untuk lebih jelasnya dapat

dilihatpada Gambar 5.2.

Perhitungan momen dan gaya geser di lokasi 2 ( lihat garis pengaruh momen dan

gaya geser di lampiran 1)



Perhitungan momen :

• Beban tandem rencana

Daerah positif

CI :M2Ta=110(4,58)+110(4,479) =996,490 kNm

C2 :M2Ta =l10(3,481)+110(4,58) =886,710 kNm

Daerah negatif

CI :M2la=110(-l,03)+l 10(1,028) = -226,380 kNm

C2 :M2Ta =110(-1,025)+110(-1,03) =-226,05 kNm

• Beban truk rencana

Daerah positif

C1 :M2Tr =145(4,58)+145(4,219)+35(3,858)+145(2,639)+145(2,3106)+35

(1,987) = 2198,035 kNm

C2 :M2Tr =145(0,641)+l45(4,580)+35(4,219)+145(2,977)+145(2,639)+35

(2,310) =1799,880 kNm

Untuk perhitungan momen di lokasi selanjutnya dapat dilihat pada Tabel 5.1

Perhitungan gaya geser :

• Beban tandem rencana

Daerah positif

CI :V2Ta =110(0,205)+110(0,20476) =45,074 kN

C2 :V2la =110 (0,20428)+110(0,205) =45,021 kN

Daerah negatif

CI :V2Ta =110(-0,915)+110(-0,895) = -199,100 kN

C2 :V2Ta =110(0,065)+! 10(-0,915) =-93,500 kN
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• Beban truk rencana

Daerah positif

CI .'V2Tr=145(0,2024)+145(0,2p5)+35(0,2041)+145(0,188)+145(Q,181)+
35(0,171)= 125,711 kN

C2 :V2Tr=145(0,205)+145(Q,2041)+35(0,202)+145(0,18l)+145(0,171)+
35(0,160)= 123,030 kN

Daerah negatif

CI :V2Tr =145(-0,915)+145(-0,843)+35(-0,771)+145(-0,528)+145(-
0,462)-35(-0,397) = -439,340 kN

C2 :V2Tr=145(0,012)+145(-0,915)+35(-0,843)+145(-0,595)+145(-

0,528)+35(-0,462) = -339,445 kN

Untuk perhitungan gaya geser di lokasi selanjutnya dapat dilihat pada Tabel 5.2

2. Menghitung momen dan gaya geser akibat beban merata

Untuk mendapatkan momen dan gaya geser akibat beban merata dengan

cara mengalikan beban merata dengan luasan bidang momen dan gesernya.

Perhitungan momen dan gaya geser di lokasi 2( lihat garis pengaruh momen dan

gaya geser di lampiran 1)

Momen gelagar jembatan akibat beban jalur rencana q=9,3 kN/m1
pada garis pengaruh dilokasi 2

Interval Lebar luasan

(m)
Nilai Luasan grafik

(m2)
Momen

( kN/m)Batas atas Batas bawah
1-2 5 4.580 0.000 11.450 106.485
2-3 5 4.576 4.155 21.828 202.996
3-4 5 4.155 3.737 19.730 183.489
4-5 5 3.737 3.326 17.658 164.215
5-6 5 3.326 2.922 15.620 145.266
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6-7 5 2.922 2.529 13.628 126.736
7-8 5 2.529 2.149 11.695 108.764
8-9 5 2.149 1.782 9.828 91.396

9-10 5 1.782 1.432 8.035 74.726
10-11 5 1.432 1.101 6.333 58.892
11-12 5 1.101 0.790 4.728 43.966
12-13 5 0.790 0.501 3.228 30.016
13-14 5 0.501 0.237 1.845 17.159
14-15 5 0.237 0.000 0.593 5.510
Momen positit dilokasi 2 pada saat qterletak dibentang 1 146.195 1359.614
15-16 5 -0.209 0.000 -0.523 -4.859
16-17 5 -0.391 -0.209 -1.500 -13.950
17-18' 5 -0.546 -0.391 -2.343 -21.785
18-19 5 -0.677 -0.546 -3.058 -28.435
19-20 j 5 -0.785 -0.677 -3.655 -33.992
20-21 j 5 -0.871 -0.785 -4.140 -38.502
21-22 i 5 -0.937 -0.871 -4.520 -42.036
22-23 | 5 -0.984 -0.937 -4.803 -44.663
23-24 [ 5 -1.012 -0.984 -4.990 -46.407
24-25 [ 5 -1.025 -1.012 -5.093 -47.360
25-26 5 -1.030 -1.022 -5.130 -47.709
26-27 5 -1.022 -1.005 -5.068 -47.128
27-28 | 5 -1.005 -0.977 -4.955 -46.082
28-29 ! 5 -0.977 -0.937 -4.785 -44.501
29-30 j 5 -0.937 -0.888 -4.563 -42.431
30-31 ; 5 -0.888 -0.831 -4.298 -39.967
31-32 : 5 -0.831 -0.767 -3.995 -37.154
32-33 i 5 -0.767 -0.697 -3.660 -34.038
33-34 | 5 -0.697 -0.623 -3.300 -30.690
34-35 ; 5

1— i-
-0.623 -0.547 -2.925 -27.203

35-36 ; 5 -0.547 -0.469 -2.540 -23.622
36-37 5 -0.469 -0.391 -2.150 -19.995
37-38 5 -0.391 -0.314 -1.763 -16.391
38-39 i 5 -0.314 -0.241 -1.388 -12.904
39-40 ; 5 -0.241 -0.171 -1.030 -9.579
40-41 ; 5 -0.171 -0.107 -0.695 -6.464
41-42 5 -0.107 -0.049 -0.391 -3.633
42-43 5 -0.049 0.000 -0.123 -1.145
Momen n«:gatifdilokasi xI pada saat q terletak dibentang 2 -87.379 -812.622

Untuk perhitungan lokasi selanjutnya dapat dilihat pada Tabel 5.
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Gaya geser gelagar jembatan akibat beban jalur rencana q=9,3 kN/m1
pada garis pengaruh dilokasi 2

Interva 1 Lebarluasan

(m)
Nilai Luasan grafik Gaya geser

(kN)Batas atas Batas bawah
2-3 5 -0.915 -0.831 -4.365 -40.595
3-4 5 -0.831 -0.747 -3.945 -36.689
4-5 5 -0.747 -0.665 -3.530 -32.829
5-6 5 -0.665 -0,584 -3.123 -29.039
6-7 5 -0.584 -0.506 -2.725 -25.343
7-8 5 -0.506 -0.430 -2.340 -21.762
8-9 5 -0.430 -0.356 -1.965 -18.275

9-10 | 5 -0.356 -0.286 j -1.605 -14.927
10-11 j 5 -0.286 -0.220 -1.265 -11.765
11-12 5 -0.220 -0.158 -0.945 -8.789
12-13 5 -0.158 -0.100 -0.645 -5.999
13-14 5 -0.100 -0.047 -0.369 -3.428
14-15 5 -0.047 0.000 -0.119 -1.103

Gaya geser negatifdilokasi 2 padasaatq terletak dibentang 1 -26.940 -250.540
15-16 j 5 0.042 0.000 0.105 0.972

16-17 5 0.078 0.042 0.300 2.788
17-18 5 0.109 0.078 0.468 4.351

18-19 5 0.135 0.109 0.610 5.673

19-20 5 0.157 0.135 0.730 6.789

20-21 5 0.174 0.157 0.828 7.696
21-22 5 0.187 0.174 0.903 8.393

22-23 5 0.197 0.187 0.960 8.928

23-24 5 0.202 0.197 0.998 9.277

24-25 5 0.205 0.202 1.018 9.463

25-26 5 0.205 0.204 1.023 9.509

26-27 5 0.204 0.201 1.013 9.416

27-28 5 0.201 0.195 0.990 9.207

28-29 5 0.195 0.187 0.955 8.882

29-30 5 0.187 0.178 0.913 8.486

30-31 5 0.178 0.166 0.860 7.998

31-32 5 0.166 0.153 0.798 7.417

32-33 5 0.153 0.139 0.730 6.789

33-34 5 0.139 0.125 0.660 6.138

34-35 5 0.125 0.109 0.585 5.441

35-36 5 0.109 0.094 0.507 4.714

36-37 5 0.094 0.078 0.430 3.998

37-38 5 0.078 0.063 0.353 3.280

38-39 5 0.063 0.048 0.278 2.581

39-40 5 0.048 0.034 0.206 1.914

40-41 5 0.034 0.021 0.139 1.291

41-42 5 0.021 0.010 0.078 0.725



42-43 0.010 0.000

-}^i£55Leositrffdilp^^ 2
0.025

17.456

Untuk perhitungan lokasi selanjutnya dapat dilihat pada Tabel 5.:

5.4 Perhitungan momen dan geser terfaktor

5.4.1 Momen terfaktor

distribusi momen akibat beban hidup :

M LL+isi = mg (M,rorMJ(, IM}
1 +

100
+ M,

dengan IM =33 ( all other), IM = 15 ( fatigue )

KT:!m = 0,436 2196,519

M'llTIm = 0,436 2196,519
f

1+ — +846,045
iooJ

, 15 >
1+ +846,045

100 J

• Strength 1: q = 0,95

Mu = p(\,25DC +l,50DW +1,75(1/. +M))

Mu— =0,95(1,25x1189,577 +1,50x229,142 +1,75x1643,347) =4471,214*M

• Service 1: q = 1,0

Mu = t}(DC + DW + (LI. +IM))

lokasi!

= 1643,347&V>n

= 1470,885/bVm

Mllokasa
1,0(1189,577 + 229,142 +1643,347 = 3062,066/W/»

• Sendee 2: tj = 1,0

Mu = r/(DC + DW +1,3(1/. + IM))

Mu'"k"si2 =1,0(1189,577 +229,142 +l,3x(l 643,347) =3555,070*Afoi

• Fatigue: r| = 1,0

59
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Mu = T](0,75.\(PL + IM))

Mu'"1""" = 1,0(0,75x1470,885) = 1103,163/W,m

Mu(pak;ll) = 4471,214 kNm

untuk perhitungan lokasi selanjutnya dapat dilihat pada Tabel 5.3 dan Tabel 5.4

5.4.2 Geser terfaktor

distribusi geser akibat beban hidup :

VLL +IM = ing
(. IM\

TOOy
(K-orVJ

V

+ v

dengan IM = 33 ( all other), IM = 15 ( fatigue )

''";= 0,671

^=0,671

127,62
f _33^

100 J
+ 98.669

(. 55
127 62 + 98,669

100

= 180,099/WV

= 164.685M'

• Strength 1: q = 0,95

Vu = r/(\,25DC + \,50DW + \,75(PL + IM))

lokasi!
Vu 0,95(1,25* -191,508 +1,50* - 36,889 +1,75x180,099) = 19,43 IkN

• Service 1: r| = 1,0

Vu = ij(DC + DW + (LL + IM))

Vir-asu = lj0(_l91,508 +-36,889 +180,099 = -48,298jW

• Service 2: r\ = 1,0

Vu = p(DC + DW + \,3(LL + IM))

/okasH
Vu 1,0(-191,508 + -36,889 + l,3x(180,099) = 5,73 IkN

• Fatigue: r\ = 1,0

Vu = rj(Q,75x(LL + IM))



Vu">k'"'- = 1,0(0,75x164,685) = 123,514/t/V

Vu(pak;„,= 123,514 kN

untuk perhitungan lokasi selanjutnya dapat dilihat pada Tabel 5.5 dan Tabel 5.6
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5.5 Perhitungan Momen dan Gaya Geser Saat Pelaksanaan Tiap Segmen

Tumpuan A - D

Pada saat pelaksanaan momen dan gaya geser yang bekerja diakibatkan

oleh beban berat sendiri dari gelagar dan xoorhouw wagen yaitu alat yang

digunakan sebagai tempat penyetelan gelagar pelat dan tiap-tiap segmen dari

jembatan tanpa menggunakan perancah. Alat ini dibuat dari rangka baja yang

dilengkapi dengan roda-roda dan ditaksir mempunyai berat sebesar 40 ton.

Pada perencanaan gelagar jembatan dalam tugas akhir mi, pelaksanaan

pembuatan gelagar bentang B - C digunakan alat voorhouw wagen,

sedangkan pelaksanaan pembuatan gelagar untuk bentang A- Bdan C - D

menggunakan perancah. Pada saat pelaksanaan gelagar bentang B - C

dianggap sebagai batang kantilever dengan peninjauan tiap segmen dari

tumpuan B atau C. untuk menghitung momen dan gaya geser yang terjadi

pada tiap segmen ( 5m) menggunakan program SAP 2000. Setelah diperoleh

momen dan gaya geser akibat berat sendiri dan beban titik, kemudian

dikalikan dengan faktor beban sebesar 1,25. Hasil perhitungan momen dan

gaya geser saat pelaksanaan dapat dilihat pada Tabel 5.7 dan 5.8 sebagai

berikut:



TABEL 5.7 MOMEN SAAT PELAKSANAAN TIAP SEGMEN
(\VRtUfi*r = 9,876 kN/m)

Bentang Lokasi Momen(kNm)

Akibat Berat Sendiri Akibat Berat Alat Mu

1 1 0.000 o.ooc) 0,000
2 -123.450 -2000.00C -2654,313
->

-493.80C) -4000.00C -5617.250

4 -11I1.05C -6000.00C -8888.813
5 -1975.20C -8000.000 -12469.000

6 -3086.25C -10000.000 -16357.813
7 -4444.200 -12000.000 -20555.250

8 -6049.050 -14000.000 -25061.313
9 -7900.800 -16000.000 -29876.000

10 -9999.450 -18000.000 -34999.313
11 -12345.000 -20000.000 -40431.250

12 -14937.450 -22000.000 -46171.813

13 -17776.800 -24000.000 -52221.000

14 -20863,050 -26000.000 -58578.813

15 -24196.200 -28000.000 -65245.250
2 15 -24196.200 -28000.000 -65245.250

16 -20863.050 -26000.000 -58578.813

17 -17776.800 -24000.000 -52221.000

18 -14937.450 -22000.000 -46171.813

19 -12345.000 -20000.000 -40431.250

20 -9999.450 -18000.000 -34999.313

21 -7900.800 -16000.000 -29876.000

22 -6049.050 -14000.000 -25061.313

23 -4444.200 -12000.000 -20555.250

24 -3086.250 -10000.000 -16357.813

25 -1975.200 -8000.000 -12469.000

26 -1111.050 -6000.000 -8888.813

27 -493.800 -4000.000 -5617.250

28 -123.450 -2000.000 -2654.313

29 0.000 0.000 0.000

Mu=U5(MlItik + Mmcrala)
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TABEL 5.8 GAYA GESER SAAT PELAKSANAAN TIAP SEGMEN
(Wsdasar = 9,876 kN/m)

Bentang Lokasi Gaya Geser (kN)

Akibat Berat Sendiri Akibat Berat Alat Vu

1 1 o.ooc 400.00C 500.000

2 49.38C 400.00C 561.725

3 98.76C 400.000 623.450

4 148.140 400.000 685.175

5 197.520 400.000 746.900
6 246.900 400.000 808.625|
7 296.280| 400.000 870.350|
8 345.660 400.000 932.075

y 395.040 400.000 993.800

10 444.420 400.000 1055.525

ii 493.800 400.000 1117.250

12 543.180 400.000 1178.975

13 592.560 400.000 1240.700

14 641.940 400.000 1302.425

15 691.320 400.000 1364.150
2 15 -691.320 -400.000 -1364.150

16 -641.940 -400.000 -1302.425

17 -592.560 -400.000 -1240.700

18 -543.180 -400.000 -1178.975

19 -493.800 -400.000 -1117.250

20 -444.420 -400.000 -1055.525

21 -395.040 -400.000 -993.800

-932.07522 -345.660 -400.000

23 -296.280 -400.000 -870.350

24 -246.900 -400.000 -808.625

25 -197.520 -400.000 -746.900

26 -148.140 -400.000 -685.175

27 -98.760 -400.000 -623.450

28 -49.380 -400.000 -561.725

j 29 0.000 -400.000 -500.000

Vu=l,25(Vtltlk+Vn
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5.6 Perhitungan Momen dan Gaya Geser Rencana Tiap Segmen

Setelah momen saat pelaksanaan dan saat service didapatkan, kemudian

dibandingkan dan dipilih yang terbesar sebagai momen dalam perencanaan

selanjutnya. Hasil perhitungan momen rencana dapat dilihat pada tabel 5.9 dan

5.10 sebagai berikut:
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TABEL 5.9 MOMEN RENCANA TIAP SEGMEN

Bentang Lokasi .Momen

Pelaksanaan (kN m)
Momen Service (kN ni) Momen Rencana (kNm)

Max Positif Max -Neiiatit Positif Negatif
i 1 o.ooc O.OOC O.OOC O.OOC 0.000

2 -2654.313 4471.214 835.909 4471.214 -2654.313
3 -5617.250 7664.174 1118.351 7664.174 -5617.250
4 -8888.813 9652.849 -1198.595 9652.849 -8888.813
5 -12469.000 10502.110 -1598.127 10502.110 -12469.000

6 -16357.813 10188.033 -2933.591 10188.033 -16357.813

7 -20555.250 8698.227 -5555.730 8698.227 -20555.250

8 -25061.313 6191.825 -8856.340 6191.825 -25061.313
9 -29876.000 3264.191 -12835.426 3264.191 -29876.000

10 -34999.313 2965.959 -17492.985 2965.959 -34999.313

11 -40431.250 -7030.660 -22829.016 -40431.250

12 -46171.813 -13664.288 -28843.521 -46171.813

13 -52221.000 -21346.276 -35545.688 -52221.000

•—

14 -58578.813 -29084.262 -43204.629 -58578.813

15 -65245.250 -36174.879 -51881.467 -65245.250

2 15 -65245.250 -36183.815 -51775.179 | -65245.250
]6 -58578.813 -27162.772 -39311.867 -58578.813

17 -52221.000 -18444.774 -27873.687 -52221.000

18 -46171.813 -9788.825 -17515.416 -46171.813

19 -40431.250 -1874.845 -8563.258 -40431.250

20 -34999.313 6873.356 -1462.231 6873.356 -34999.313

21 -29876.000 14507.052 4729.143 14507.052 -29876.000

22 -25061.313 21437.947 10052.014 21437.947 -25061.313

23 -20555.250 27559.763 14591.216 27559.763 -20555.250

24 -16357.813 32750.100 18452.117 32750.100 -16357.813

25 -12469.000 36994.880 21634.527 36994.880 -12469.000

26 -8888.813 40283.366 24138.483 40283.366 -8888.813

27 -5617.250 42608.248 25963.972 42608.248 -5617.250

28 -2654.313 43965.579 27110.981 43965.579 -2654.313

. ,

29 0.000 44354.839 27579.524 44354.839
-

0.000
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TABEL 5.10 GAYA GESER RENCANA TIAP SEGMEN

Bentang Lokas Gaya Geser
Pelaksanaan (kN)

GayaGeser Service (kN) Gaya Geser Rencana (kN)
Max Positif Max Negatif Positif Neuatif

i 1 500.000 -159.78:'•• -1350.03 500.000 -1350.031
2 561.725> 123.514 -1106.27.> 561.72.' -1106.^79
J> 623.45C) 159.07: -866.708 623.45C) -866.708
4 685.175 301.331 -631.696 685.175 -631.696
5 746.90C 446.168 -401.608 746.90C -401.608
6 808.625 593.539 -176.790 808.625 -176.790
7 870.350 801.618 -142.824 870.350 -142 8^4
8 932.075 1029.996 268.252 1029.996
9 993.800 1261.028 461.771 1261.028
10 1055.525 1492.285 655.023 1492.285
11 1117.250 1723.268 832.299 1723.268
12 1178.975 1953.457 1002.626 1953.457
13 1240.700 2182.325 1168.804 2182.325
14 1302.425 2409.332 1320.849 2409.332
15 1364.150 2633.920 1457.282 2633.920

n 15 -1364.150 -1846.124 -3239.365 -3239.365
16 -1302.425 -1710.123 -3045.324 -3045.324
17 -1240.700 -1573.451 -2849.305 -2849.305
18 -1178.975 -1436.003 -2651.674 -2651.674
19 -1117.250 -1297.681 -2452.794 -2452.794
20 -1055.525 -1142.634 -2253.014 -2253.014
21 -993.800 -979.982 -2052.680 -2052.680
22 -932.075 -810.980 -1852.128 -1852.128
23 -870.350 -637.823 -1651.684 -1651.684
24 -808.625 -461.081 -1451.666 -1451.666
25 -746.900 -285.295 -1252.386 -1252.386
26 -685.175 -145.995 -1054.143 -1054.143
27 -623.450 145.282 -857.230 145.282 -857.230
28 -561.725 277.278 -661.932 277.278 -661.932
29 -500.000 468.525 -468.525 468.525 -500.000



5.7 Perencanaan Gelagar Pelat dengan Metode LRFD

a) Mu" = -65245,250kNm (lihat tabel 5.4 pada lokasi 15)

Mutu baja yang digunakan A36 = 248 N/mm2 (untuk badan)

A50 = 345 N/mm2 (untuk sayap)

• Perencanaan ukuran pelat badan

Untuk evaluasi nilai optimum, h/tw dipakai 320 (p\v)

Rumus pendekatan dan tinggi pelat badan :

\3Mnf3w , 13.. (65245,250x1 06/0,9).t320
h-^rrr=v £*« =4654mm/!!

h n 4654,891
— = A, tK = - = 14,547/;//;;
tw 320

diambil h = 5500 mm ; tw =18 mm

Au- = 5500x 18 = 99000 mm2

• Perencanaan Ukuran Pelat Sayap

A -—- A» - 65245,250aj06/0,9 99000
f f-h 6 345x5500 6~

= 21705,387mm2

dicoba flens tf = 80 mm ; bf = 460 mm

A, = 80x460 = 36800 mm2

• Cek lokal buckling:

bf ,171 460
A=^T- -frr => ^-^7 =2,875 <9,206 -> ok2tf Sf. 2x80
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• cek Fcr untuk tekuk puntir lateral:

Iyflens JV^2)x80x460^
\aj-+awi 6 \/ 367o77T^97oo76y

10,339 mm

3 790 790
7> = -~rr= = -r= = 42,532

V7/ V345

, 1985 1985
-*- = ^= = ~-=^ = 106,869

/345

3 7, 5000
•. = -=- = = 45 31 5

r, 110,339 '

karena X> Xp, maka Fcr= (.Y>..
yf

0^1,75 +1,05^+0,3^
_./, A/.

<2

^ 58578,813^0> = 1,75+ 1,05
65245,250

+ 0,
58578,813

65245750
1,049

Fcr= l,049x345x 1-
45,315-42,532

106,869-42 532
= 35A.07UlPa

karena Fcr > Fyf, maka Fcr = Fyf =345 N/mm2

cek Fcr untuk tekuk lokal flens:

bf 460
A =

2tf 2x80
= 2,875

. 170 170
-7 = -==- = -7= = 9,152

J/77 V345



390 390
7 = -7= = -t= = 20,997

karena X< A.p, maka FCT = F>r = 345 N/mm2

• Reduksi kekuatan dari keadaan batas tekuk lentur bila h/tw >

sebagai berikut:

__... 99000
a.

Af 36800
2,690

1h 2550^
RpG __ 1-0,0005c.r

V »' V er 7

<

l-0,0005x2,69x ,
i, 18 V345

5500 2550
= 0,774 < 1

2550

TtT

• momen inersia penampang :

lu = 1/12 x 18 x55002 = 0,24956.1012 mm4

It-= (2 x l/12x 460 x 807 + (2 x 460 x 80 x 27902) = 0,57295.1012 mm4

Ig = Iw + If = 0,24956.1012 + 0,57295.1012 = 0,82251.1012 mm4

P. 0,82251.10'
S = = 0,2906.109mm*

(hlT) +tf (5500/2) +80

Re=l-0,l(l,3+B)(0,81-a)

= l-0,l(l,3+2,69)(0,81-(248/345)) =0,964

• Kekuatan momen nominal (Mn):

Mn = Fcr x Sx x RpG x Re

= 345.10\ 0,2906x 0,774x 0,964 = 74753,857 kNm

(j)Mn = 0,9 x 74753,857 = 67278,47 kNm > Mu ok

adalah



2. Mu" =+44354,839 kNm (lihat tabel 5.3 pada lokasi 29)

Mutu baja yang digunakan A36 =248 N/mm2 (untuk badan)

A50 = 345 N/mm2 (untuk sayap)

Untuk evaluasi nilai optimum, h/tw dipakai 320 ((3\v)

• Perencanaan ukuran pelat badan

Rumus pendekatan dari tinggi pelat badan :

3Mnj3w J3x(44354,839xl070,9)x320
"= tw ' . 1_5 =4092-986"""
h n 4092,986

~~ = A, . „. = = 12,79 hum
tw 320

diambil h = 4000 mm ; tw =18 mm

Aw = 4000 x 18 = 720000 mm2

• Perencanaan Ukuran Pelat Sayap

A
f

M Aw 44354,839x1070,9 720000
/./? 6 345x4000

= 23712,431mm2

dicoba flens tf = 80 mm ; bf = 460 mm

Af = 80 x 460 = 36800 mm2

• Cek lokal buckling:

bI_< J71_ 460
2tf ~ 77 2x80

X = ^L-< = 2,875 < 9,206 -+ ok

cek Fcr untuk tekuk puntir lateral:

rr =
fyflens (1/I2)x80x4603

Af+Aw/6 y36800+(720000/6)
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15,314 mm

>.,,=
790 790

Kr V347
42,532

yf

1985 1985
7. = -?= = ~^= = 106,869

V'V ^5

A =
7 5000

115,314
= 43,360

karena X> Xp, maka Fcr= Ch.b
yf

'M*

<^>P
A, ~ A

pJ

M
Cb = 1,75+ 1,05^-+ 0,3

M-, M7
<2,3

Cb -1,75 + 1.05
43965,579

44354,839
+ 0„

43965,579 V

I, 44354,839
1.004

Fcr= l,004x345x 1-
\( 43,360-42,532 '
2^106,869-42,532, 344.15 IMP,

karena Fcr < Fvf, maka Fcr = 344,151 N/mm2

• cek Fcr untuk tekuk lokal flens:

, br 460
.1 = -*- = = 2,875

2tf 2x80

170 170
A, =-7= = -== = 9,152

y'7, ^345

390 390
7 = -7= = -7= = 20,997

//TT; V345

karena A, < Xp, maka Fcr = Fv!- = 345 N/mm2
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Reduksi kekuatan dari keadaan batas tekuk lentur bila h/t,v > ^^ adalah

sebagaj berikut:
• i I

7, 72000

Af 36800
= 1,957

RPG = 1- 0,0005a,.
h 2550

x

... V7. j
<\

0,0005x1.957;
4000 2550

18 V345
= 0,917 <

• momen inersia penampang :

Iw= 1/12 x 18x4000'= 0,096000.1012 mm4

If = (2 x 1/12x 460 x 807 + (2 x 460 x 80 x 20402) = 0,30633.10|: mm4

Ig = Iw + 17 = 0,096000.1012 + 0,30633.10!2 = 0,40233.1012 mm4

S =
0,40233.10'

Y (h!2) +t (4000/2) +. = 0,1934.107m7

Re=l-0,l(l,3+(3)(0,81-a)

= l-0,l(l,3+l,957)(0,81-(248/345)) =0,970

• Kekuatan momen nominal (Mn):

Mn = Fcr x Sx x RPG x Re

=344,151.103 x0,1934x 0,917 x0,970 =59225,847 kNm

4>Mn = 0,9 x 59225,847 = 53303,26 kNm > Mu ok



3. Mu" =4471,214 kNm (lihat tabel 5.3 pada lokasi 2)

Mutu baja yang digunakan A36 =248 N/mm2 (untuk badan)

A50 =345 N/mm2 (untuk sayap)

• Perencanaan ukuran pelat badan

Untuk evaluasi nilai optimum, h/tw dipakai 320 (Pw)

Rumus pendekatan dari tinggi pelat badan :

PT

__ j3Mnj3w , 3x(4471,214x107'0,9)x320
-tw=. i_3ir^^=,904-883"""

h _ R , 1904,883
~ ~ A. . M. = = 5,953/;////
tw 320

diambil h = 2500 mm ; tw =14 mm

Aw = 2500x14 =35000 mm2

• Perencanaan Ukuran Pelat Sa^a^

M A, 4471 214 .107 0 9 ^ wn
Af =

f.h 6 345x2500

/ _-',._-• t S11 lir t

dicoba flens tf = 58 mm ; bf = 420 mm

-_f _-o _ -tz.0 — 24j 60 mm

Cek lokal buckling:

. bf ^ 171 420
^ = — ^ ^= ^> = 3,621 < 9,206 -> o/t2/r ^; 2x58

cek Fcr untuk tekuk puntir lateral:

r = j lyflens j (1/I2)x58x4203
^Af+Aw/6 ~V 24360+ (35000/6)
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108,903 mm

790 790
7, = ^= = -^= = 42,532

djT 7345

1985 1985
7. = -== = -= = 106,869

x7v V345

A =
7 5000

r, 108,903
45,912

karena X> Xv, maka Fc,= Cb.F^•p,

C7> =1,75 +1,05^- +0,3

f X-K
7-7.

/'/

<2,3

^
(7/= 1.75+ 1,05

0 7 (
+ 0,3

4471,214

f

0 V

4471,214
= 175

Fcr= l,75x345x 1--
45,912-42,532

2^106,869-42,532
= 587.890MPa

karena Fcr > Fvf, maka Fcr = Fvf = 345 N/mm2

• cek Fcr untuk tekuk lokal flens:

A=^<171 420

2t, P. 2x58
= 3,621 < 9,206->„*

in
170 170

= 9,152
Jiff V345 '

390 390
7. = -t= = -p= = 20,997
' V^ ^5

karena X< Xp, makaFcr = Fvf = 345 N/mm2
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Reduksi kekuatan dari keadaan batas tekuk lentur bila h/t,,

sebagai berikut

7.. 35000
a.. =

Ar 24360
= 1,437

f h 2550^
Kg = - 0,0005c.r

\7' \''cr J
<1

72500 2550
0,0005x1,43 7x

V345

• momen inersia penampam

Iw= 1/12 x 14x25003 = 0,01823.1012 4mm

0,970 <

I,- = (2 x l/12x 420 x 583) + (2 x 420 x 58 x 12792) = 0,07971.1012

Ig = 7 + If = 0,01823.1012 +0,07971 .1012 = 0,09794.1012 mm

S.
P 0,09794.10'

"v (/?/2) + /, (2500/2)+ 58
= 0,0749.109/;//;;3

Re= 1-0,1(1,3+p)(0,81 -a)

= 1-0,1(1,3+1,437)(0,81-(248/345)) =0,975

• Kekuatan momen nominal (Mn):

Mn = Fcr x SN x RPG x Re

= 345.103 x 0,0749 x 0,970 x 0,975 = 24441,525 kNm

<j)Mn = 0,9 x 24441,525 = 21997,370 kNm > Mu ok

95
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b.—460 mm

t.v= 18 mm

h = 5500 ;

bi=460 mm

tw=18 mm"

b|--=420 mm
•4 •

h = 4000 mm tu=14

96

h=2500m m

—^J t,=80 mm L
_I T * *_

T1 t,=80 mm tr=_ s mm

a) lokasi 15 b) lokasi 29 c) lokasi

Gambar 5.3 Gambar penampang gelagar
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5.8 Perhitungan tinggi gelagar tiap segmen

5.8.1 Perhitungan jari-jari lingkaran

Mengacu pada persamaan lingkaran, maka nilai jari-jari ( R) dapat

diperoleh :

• Untuk bentang 70 m

R: =(R-(hn-hi))2+L]2

R2 = (R-(5500 -2500 ))2 + 700002

R = 818166,667 mm

• Untuk bentang 140 m (setengah bentang)

R2 = (R-(hn-h1))2 + L12

R2 = (R-(5500 - 4000 ))2 + 700002

R= 1634083,333 mm

5.8.2 Perhitungan tinggi gelagar

Dengan mengacu pada persamaan hi =(R +h,)-V/?2 - X2 maka diperoleh :

• Untuk bentang 70 m

hi =2500 mm

h2 =(818166,667 +2500) - V818166,6672-50002 =2515,278mm

• Untuk bentang 140 m (setengah bentang)

H29 = 4000 mm

H2S =(1634083,333 +4000) - Vl634083,3332-50002 =4007,650,

Untuk perhitungan h selanjutnya dapat dilihat pada Tabel 5.11

mm
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X

=h2= 2500 mm h,

5500 mm

70000 mm

R

R-3000 mm

R = 818166,667 mm

Gambar 5.4 Sket mencari tinggi gelagar



TA
BE

L
5.1

1
TI

N
G

G
I

PE
N

A
M

PA
N

G
G

EL
A

G
A

R
TI

A
P

SE
G

M
EN

L
o
k
a
s
i

R

(
m
m
)

J
a
r
a
k

(
m
m
)

h

(
m
m
)

1
8
1
8
1
6
6
.
6
6
7

0
2
5
0
0
.
0
0
0

2
8
1
8
1
6
6
.
6
6
7

5
0
0
0

2
5
1
5
.
2
7
8

3
8
1
8
1
6
6
.
6
6
7

1
0
0
0
0

2
5
6
1
.
1
1
5

4
8
1
8
1
6
6
.
6
6
7

1
5
0
0
0

2
6
3
7
.
5
1
4

5
8
1
8
1
6
6
.
6
6
7

2
0
0
0
0

2
7
4
4
.
4
8
5

6
8
1
8
1
6
6
.
6
6
7

2
5
0
0
0

2
8
8
2
.
0
4
1

7
8
1
8
1
6
6
.
6
6
7

3
0
0
0
0

3
0
5
0
.
1
9
5

8
8
1
8
1
6
6
.
6
6
7

3
5
0
0
0

3
2
4
8
.
9
6
8

9
8
1
8
1
6
6
.
6
6
7

4
0
0
0
0

3
4
7
8
.
3
8
1

1
0

8
1
8
1
6
6
.
6
6
7

4
5
0
0
0

3
7
3
8
.
4
6
0

1
1

8
1
8
1
6
6
.
6
6
7

5
0
0
0
0

4
0
2
9
.
2
3
5

1
2

8
1
8
1
6
6
.
6
6
7

5
5
0
0
0

4
3
5
0
.
7
3
9

1
3

8
1
8
1
6
6
.
6
6
7

6
0
0
0
0

4
7
0
3
.
0
0
7

1
4

8
1
8
1
6
6
.
6
6
7

6
5
0
0
0

5
0
8
6
.
0
7
9

1
5

8
1
8
1
6
6
.
6
6
7

7
0
0
0
0

5
5
0
0
.
0
0
0

L
o
k
a
s
i

R

_-
Jl
_J
_L
__
__

J
a
r
a
k

(
m
m
)

li

(
m
m
)

1
5

1
6
3
4
0
8
3
.
3
3
3

7
0
0
0
0

5
5
0
0
.
0
0
0

1
6

1
6
3
4
0
8
3
.
3
3
3

6
5
0
0
0

5
2
9
3
.
2
8
6

1
7

1
6
3
4
0
8
3
.
3
3
3

6
0
0
0
0

5
1
0
1
.
9
0
7

1
8

1
6
3
4
0
8
3
.
3
3
3

5
5
0
0
0

4
9
2
5
.
8
5
8

1
9

1
6
3
4
0
8
3
.
3
3
3

5
0
0
0
0

4
7
6
5
.
1
3
4

2
0

1
6
3
4
0
8
3
.
3
3
3

4
5
0
0
0

4
6
1
9
.
7
3
1

2
1

1
6
3
4
0
8
3
.
3
3
3

4
0
0
0
0

4
4
8
9
.
6
4
4

2
2

1
6
3
4
0
8
3
.
3
3
3

3
5
0
0
0

4
3
7
4
,
8
7
1

2
3

1
6
3
4
0
8
3
.
3
3
3

3
0
0
0
0

4
2
7
5
,
4
0
7

2
4

1
6
3
4
0
8
3
.
3
3
3

2
5
0
0
0

4
1
9
1
.
2
5
0

2
5

1
6
3
4
0
8
3
.
3
3
3

2
0
0
0
0

4
1
2
2
.
3
9
7

2
6

1
6
3
4
0
8
3
.
3
3
3

1
5
0
0
0

4
0
0
8
.
8
4
7

2
7

1
6
3
4
0
8
3
.
3
3
3

1
0
0
0
0

4
0
3
0
.
5
9
8

2
8

1
6
3
4
0
8
3
.
3
3
3

5
0
0
0

4
0
0
7
,
6
5
0

2
9

1
6
3
4
0
8
3
.
3
3
3

0
4
0
0
0
.
0
0
0



5.9 Perhitungan Inersia penampang gelagar tiap segmen

• T

Inersia penampang pada lokasi 15

h = 5500 mm

tw = 18 mm

bf = 460 mm

tf = 80 mm

Inersia badan = 1/12 . t„ .h3

= 1/12 . 18 . 55003 = 0,24956.1012 mm4

Inersia sayap = (2.1/12. bf. tf 3) + (2 . br. tf. (h/2+tf/2)2)

= (2 . 1/12 . 460 . 803) + (2 . 460 . 80 . 27902) = 0,57295.1012 mm"

Inersia total = Inersia badan + Inersia sayap

= 0,24956.1012 + 0,57295.1012 = 0,82251.1012 mm4

untuk perhitungan inersia selanjutnya dapat dilihat pada Tabel 5.12
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5.10 Perhitungan berat sendiri penampang gelagar tiap segmen

tw

TT
D

Berat sendiri penampang pada lokasi 15

h = 5500 mm

tw = 18 mm

bf= 460 mm

tr= 80 mm

Aw = h . tw

= 5500. 18 = 99000 mm2

Af = 2 . tf. bf

= 2 . 80 . 460 = 73600 mm2

A total = Aw + Af

= 99000 + 73600 = 172600 mm2

Berat sendiri gelagar = A total. Bj baja

= 172600 . 10"6 . 78,5 =13,549 kN/m

untuk perhitungan berat sendiri selanjutnya dapat dilihat pada Tabel 5.13
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5.11 Perhitungan Faktor Distribusi Momen Gelagar

Propertis jembatan pada lokasi 1

Spasi girder (s)

Panjan bentang 1 (L)

Tebal slub (ts)

Inersia (I„)

Luas (A„)

= 1800 mm

= 70000 mm

= 200 mm

= 0,09794.1012 mm

= 83720 mm

Modulus elastis beton (Ec) =4800 Aj^ ; Fe =30 Mpa

Modulus elastis girder (Es) =200000 Mpa

rasio modulus

I~ 200000
n = -± = ,= = 7,607 * 8

Fc 4800V30

parameter pengaku

Kg = n (Ig+ e~g Ag) ; Untuk noncomposit eg =0

Kg = 8 (0,09794.1012+0) = 0,7835.10i2 mm

• Satu pembebanan jalur rencana

;wg„,=0.06 +
f S

4300

0.4. .0.3/

L

,0.4,

^Y 1800 YY 0,7835.10,:^'mg,,; =0,06 +
1800

4300 70000 70000x200"'J \

dua pembebanan jalur rencana

Mimgf"=0.075 + S 7
0.6. s 0.2

S

2900 \'<J

Ik.
ylft

= 0,3034

106



mg *" =0075 •f180° Y'Y I80° Y'Y 0,7835.1012 ^
,0.6,

2900; v J
,700007/ 770000x200'

diambil yang terbesar mgm = 0,4485.3

untuk perhitungan faktor distribusi momen pada lokasi berikutnya dapat dilihat

pada Tabel 5.14

107

= 0,4485



Be
nt
an
g

TA
BE

L
5.1

4
FA

KT
OR

DI
ST

RI
BU

SI
M

OM
EN

(m
gm

)

l
o
k
a
s
i

A
to
ta
l

(m
m2
)

1
0

1
5

_1
_

20
~

_2
2_

2
3

2
4

8
3
7
2
0
.
0
0
0

8
3
9
3
3
.
8
9
5

8
4
5
7
5
.
6
0
3

8
5
6
4
5
.
1
9
7

8
7
1
4
2
.
7
9
7

8
9
0
6
8
.
5
7
0

9
1
4
2
2
.
7
3
3

9
4
2
0
5
.
5
4
9

1
5
8
9
7
.
3
3
2

1
1
9
5
3
8
.
4
4
3

1
2
3
6
0
9
.
2
9
3

1
2
8
1
1
0
.
3
4
0

1
5
8
2
5
4
.
1
2
0

1
6
5
1
4
9
.
4
2
8

1
7
2
6
0
0
.
0
0
0

1
7
2
6
0
0
.
0
0
0

1
6
8
8
7
9
.
1
3
9

1
6
5
4
3
4
.
3
1
8

1
6
2
2
6
5
.
4
3
8

1
5
9
3
7
2
.
4
1
2

1
5
6
7
5
5
.
1
5
7

1
5
4
4
1
3
.
6
0
1

1
5
2
3
4
7
.
6
7
6

1
5
0
5
5
7
.
3
2
5

1
4
9
0
4
2
.
4
9
8

I
to
ta
l

S

i®
__
_!
_U
__
_l
__
j_
_!
5i

0
.
0
9
7
9
4

1
8
0
0

0
.
0
9
9
2
3

1
8
0
0

0
.
1
0
3
1
6

1
8
0
0

0
.
1
0
9
9
2

1
8
0
0

0
.
1
1
9
7
9

0
.
1
3
3
2
2

0
.
1
5
0
7
9

0
.
1
7
3
2
3

0
.
2
6
1
8
6

0
.
3
0
5
9
5

0
.
3
6
0
0
3

0
.
4
2
5
9
2

0
.
5
7
7
0
1

0
.
6
8
8
4
6

0
.
8
2
2
5
1

0
.
8
2
2
5
1

0
.
7
5
3
7
6

0
.
6
9
3
3
2

0
.
6
4
0
4
0

0
.
5
9
4
2
8

0
.
5
5
4
3
4

0
.
5
2
0
0
1

0
.
4
9
0
8
0

0
.
4
6
6
3
1

0
.
4
4
6
1
6

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

t
s

(
m
m
)

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

"2
00
"

2
0
0

2
0
0

K
g

10
u(
mm
*)

0
.
7
8
3
5

0
.
7
9
3
9

0
.
8
2
5
3

0
.
8
7
9
3

0
.
9
5
8
3

1
.
0
6
5
8

.
2
0
6
3

1
.
3
8
5
8

2
.
0
9
4
9

2
.
4
4
7
6

2
.
8
8
0
3

3
.
4
0
7
4

4
.
6
1
6
1

5
.
5
0
7
7

6
.
5
8
0
1

6
.
5
8
0
1

6
.
0
3
0
0

5
.
5
4
6
5

5
.
1
2
3
1

4
.
7
5
4
3

4
.
4
3
4
7

4
.
1
6
0
1

3
.
9
2
6
4

3
.
7
3
0
4

3
.
5
6
9
3

M
g
„

0
.
3
0
3
4

0
.
3
0
3
7

0
.
3
0
4
7

0
.
3
0
6
2

0
.
3
0
8
4

0
.
3
1
1
0

0
.
3
1
4
2

0
.
3
1
7
7

0
.
3
2
8
6

0
.
3
3
2
8

0
.
3
3
7
3

0
.
3
4
2
0

0
.
3
5
0
7

0
.
3
5
5
8

0
.
3
6
1

0
.
3
5
6
1

0
.
3
5
3
6

0
.
3
5
1
1

0.
:

0
.
3
4
6
7

0
.
3
4
4
7

0
.
3
4
2
9

0
.
3
4
1
2

0
.
3
3
9
8

0
.
3
3
8
6

M
g
„

0
4
4
8
5

0
,
4
4
9
0

0
.
4
5
0
5

0
.
4
5
2
9

0
.
4
5
6
1

0
.
4
6
0
_

0
.
4
6
5
0

0
.
4
7
0
5

0
.
4
8
7
2

0
.
4
9
3
6

0
.
5
0
0
5

0
.
5
0
7
7

0
.
5
2
1
0

0
.
5
2
9
0

0
.
5
3
7
1

0
.
5
3
1
3

0
.
5
2
7
4

0
.
5
2
3
6

0
.
5
2
0
1

0
.
5
1
6
8

0
.
5
1
3
7

0
.
5
1
0
9

0
.
5
0
8
4

0
.
5
0
6
2

0
.
5
0
4
3

Mg
,„

pa
ka
i

0
.
4
4
8
5

0
.
4
4
9
0

0
.
4
5
0
5

0
.
4
5
2
9

7
7
.
5
6
T

0
.
4
6
0
2

0
.
4
6
5
0

0
.
4
7
0
5

0
.
4
8
7
2

0
.
4
9
3
6

0
.
5
0
0
5

0
.
5
0
7
7

0
.
5
2
1
0

0
.
5
2
9
0

0
.
5
3
7
1

0
.
5
3
1
3

0
.
5
2
7
4

0
.
5
2
3
6

0
.
5
2
0
1

0
.
5
1
6
8

0
.
5
1
3
7

0
.
5
1
0
9

0
.
5
0
8
4

0
.
5
0
6
2

"7
75
04
77

o 0
0



2
5

1
4
7
8
0
3
.
1
5
3

2
6

1
4
6
8
3
9
.
2
5
3

2
7

1
4
6
1
5
0
.
7
7
3

2
8

1
4
5
7
3
7
.
6
9
2

2
9

1
4
5
6
0
0
.
0
0
0

0
.
4
3
0
0
7

0
.
4
1
7
8
0

0
.
4
0
9
1
6

0
.
4
0
4
0
3

0
.
4
0
2
3
3

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

1
8
0
0

2
0
0

2
0
0

2
0
0

2
0
0

2
0
0

3
.
4
4
0
6

_1
34
24

3.
27
37
T

3
.
2
3
2
3

3
.
2
1
8
7

0
.
3
3
7
5

0
.
3
3
6
7

0
.
3
3
6
2

0
.
3
3
5
8

0
.
3
3
5
7

0
.
5
0
2
7

0
.
5
0
1
5

0
.
5
0
0
6

0
.
5
0
0
0

0
.
4
9
9
9

0
.
5
0
2
7

0
.
5
0
1
5

0
.
5
0
0
6

0
.
5
0
0
0

~0
.4
99
9

o



T
A

B
E

L
5

.1
5

M
O

M
E

N
G

E
L

A
G

A
R

J
E

M
B

A
T

A
N

H
A

S
IL

P
E

R
H

IT
U

N
G

A
N

S
A

P
2

0
0

0

B
E

R
D

A
S

A
R

K
A

N
P

E
M

B
E

B
A

N
A

N
A

A
S

T
H

O
1

9
9

4
(B

E
R

A
T

S
E

N
D

IR
I

G
E

L
A

G
A

R
W

BcI
llR

111
.=

10
,3

78
kN

/m
)

B
e
n
t
a
n
g

L
o
k
a
s
i

M
o
m
e
n
(
k
N
m
)

D
C

D
W

T
a
n
d
e
m

T
r
u
c
k

l
a
n
e

m
a
x

m
i
n

m
a
x

m
i
n

m
a
x

M
i
n

1
1

0
.
0
0
0

0
.
0
0
0

0
.
0
0
0

0
.
0
0
0

0
.
0
0
0

0
.
0
0
0

0
.
0
0
0

0
.
0
0
0

2
1
2
2
1
.
8
2
4

2
2
9
.
1
5
7

9
9
5
.
6
5
8

-
2
2
5
.
2
8
8

2
1
9
6
.
5
1
9

-
6
3
8
.
1
0
1

8
4
6
.
0
4
5

-
4
8
7
.
4
3
3

3
1
9
6
7
.
0
2
3

3
6
8
.
9
2
1

1
8
0
6
.
0
1
1

-
4
5
0
.
5
7
7

3
8
7
6
.
0
6
4

-
1
2
7
6
.
2
0
2

1
5
5
2
.
5
8
9

-
9
7
4
.
8
6
6

4
2
2
3
5
.
5
9
7

4
1
9
.
2
9
3

2
4
3
3
.
9
2
4

-
6
7
5
.
8
6
5

5
1
1
5
.
3
2
7

-
1
9
1
4
.
3
0
3

2
1
1
9
.
6
3
4

-
1
4
6
2
.
3
0
0

5
2
0
2
7
.
5
4
6

3
8
0
.
2
7
3

2
8
8
4
.
0
6
4

-
9
0
1
.
1
5
3

5
9
8
1
.
5
4
0

-
2
5
5
2
.
4
0
4

2
5
4
7
.
2
1
7

-
1
9
4
9
.
7
3
2

6
1
3
4
2
.
8
7
0

2
5
1
.
8
5
9

3
1
6
2
.
8
9
9

-
1
1
2
6
.
4
4
2

6
4
4
9
.
9
4
5

-
3
1
9
0
.
5
0
6

2
8
3
5
.
2
7
2

-
2
4
3
7
.
1
6
5

7
1
8
1
.
5
6
9

3
4
.
0
5
4

3
2
7
8
.
6
9
9

-
1
3
5
1
.
7
3
0

6
5
0
7
.
6
7
7

-
3
8
2
8
.
6
0
7

2
9
8
3
.
8
2
6

-
2
9
2
4
.
5
9
9

8
-
1
4
5
6
.
3
5
7

-
2
7
3
.
1
4
4

3
2
4
7
.
5
9
1

-
1
5
7
7
.
0
1
8

6
3
1
9
.
7
2
5

-
4
4
6
6
.
7
0
8

2
9
9
2
.
8
8
0

-
3
4
1
2
.
0
3
1

9
-
3
5
7
0
.
9
0
8

-
6
6
9
.
7
3
5

3
0
8
2
.
5
7
5

-
1
8
0
2
.
3
0
6

6
1
8
7
.
1
5
1

-
5
1
0
4
.
8
0
9

2
8
6
2
.
4
3
4

-
3
8
9
9
.
4
6
5

1
0

-
6
1
6
2
.
0
8
4

-
1
1
5
5
.
7
1
8

2
7
8
7
.
5
5
1

-
2
0
2
7
.
5
9
5

5
6
2
9
.
1
8
7

-
5
7
4
2
.
9
1
0

2
5
9
2
.
4
8
8

-
4
3
8
6
.
8
9
8

1
1

-
9
2
2
9
.
8
8
6

-
1
7
3
1
.
0
9
4

2
3
7
7
.
6
7
2

-
2
2
5
2
.
8
8
3

4
7
1
5
.
9
5
3

-
6
3
8
1
.
0
1
1

2
1
8
3
.
0
4
3

-
4
8
7
4
.
3
3
1

1
2

-
1
2
7
7
4
.
3
1
0

-
2
3
9
5
.
8
6
2

1
8
6
9
.
8
9
3

-
2
4
7
8
.
1
7
1

3
4
5
8
.
8
9
0

-
7
0
1
9
.
1
1
2

1
6
3
4
.
0
9
7

-
5
3
6
1
.
7
6
4

1
3

-
1
6
7
9
5
.
3
6
0

-
3
1
5
0
.
0
2
2

1
2
8
2
.
9
7
1

-
2
7
0
3
.
4
6
0

1
9
3
6
.
9
8
9

-
7
6
5
7
.
2
1
3

9
5
8
.
3
1
6

-
5
8
6
1
.
8
6
3

1
4

-
2
1
2
9
3
.
0
4
0

-
3
9
9
3
.
5
7
5

6
3
7
.
4
6
3

-
2
9
2
8
.
7
4
8

8
7
6
.
8
0
1

-
8
2
9
5
.
3
1
4

5
2
6
.
8
1
4

-
6
7
4
5
.
7
4
0

1
5

-
2
6
2
6
7
.
3
4
0

-
4
9
2
6
.
5
2
1

3
6
8
.
4
9
7

-
3
1
5
4
.
0
3
6

9
4
4
.
2
4
7

-
8
9
3
3
.
4
1
5

4
2
3
.
8
5
7

-
8
0
9
7
.
6
6
0

0
1
5

-
2
6
2
6
7
.
3
4
0

-
4
9
2
6
.
5
2
1

3
6
8
.
4
9
7

-
3
1
5
4
.
0
3
6

9
4
4
.
2
4
7

-
8
9
3
3
.
4
1
5

4
2
3
.
8
5
7

-
8
0
9
7
.
6
6
0

1
6

-
1
9
8
3
2
.
9
0
0

-
3
7
1
9
.
7
2
2

3
8
2
.
6
4
1

-
2
4
5
0
.
5
6
0

8
0
9
.
1
9
3

-
6
9
0
7
.
9
6
1

4
1
1
.
2
9
9

-
6
2
0
1
.
8
5
2

1
7

-
1
3
8
7
5
.
0
9
0

-
2
6
0
2
.
3
1
6

8
4
3
.
7
4
3

-
1
8
0
9
.
0
0
9

9
8
2
.
2
0
4

-
5
0
5
5
.
6
5
1

5
1
0
.
5
3
1

-
4
5
5
7
.
3
3
7

1
8

-
8
3
9
3
.
9
0
2

-
1
5
7
4
.
3
0
2

1
3
2
7
.
7
7
0

-
1
2
3
5
.
8
4
9

1
6
9
3
.
2
5
9

-
3
4
1
1
.
9
3
0

7
5
0
.
4
7
6

-
3
1
9
3
.
0
4
8

1
9

-
3
3
8
9
.
3
3
9

-
6
3
5
.
6
8
1

1
8
2
0
.
4
8
5

-
8
9
6
.
4
3
0

2
7
0
9
.
8
8
4

-
2
2
9
7
.
0
3
9

1
1
5
8
.
4
1
4

-
2
1
3
6
.
2
1
9

2
0

1
1
3
8
.
5
9
8

2
1
3
.
5
4
8

2
3
0
3
.
5
6
0

-
8
4
3
.
7
2
5

4
1
7
0
.
0
2
3

-
2
1
6
1
.
9
8
5

1
7
5
2
.
6
3
7

-
1
4
0
5
.
2
0
8

o



2
1

5
1
8
9
.
9
1
1

9
7
3
.
3
8
4

2
7
6
5
.
6
9
8

-
7
9
1
.
0
2
C

5
5
3
6
.
3
4
9

-
2
0
2
6
.
9
3
2

2
5
2
8
.
5
1
8

-
9
9
5
.
3
4
2

2
2

8
7
6
4
.
5
9
8

1
6
4
3
.
8
2
8

3
1
9
6
.
7
9
9

-
7
3
8
.
3
1
4

6
7
8
3
.
4
7
1

-
1
8
9
1
.
8
7
8

3
4
2
9
.
1
4
5

-
8
4
9
.
4
5
7

2
3

1
1
8
6
2
.
6
6
C

2
2
2
4
.
8
7
.

3
5
8
7
.
9
6
7

-
6
8
5
.
6
0
9

7
8
8
9
.
5
4
8

-
1
7
5
6
.
8
2
4

4
3
3
5
.
9
3
5

-
8
4
9
.
7
0
1

2
4

1
4
4
8
4
.
1
0
0

2
7
1
6
.
5
3
8

3
9
3
1
.
5
0
5

-
6
3
2
.
9
0
4

8
8
3
6
.
2
8
6

-
1
6
2
1
.
7
7
1

5
1
0
3
.
1
8
5

-
8
4
9
7
0
2

2
5

1
6
6
2
8
.
9
1
0

3
1
1
8
.
8
0
4

4
2
2
0
.
9
1
7

-
5
8
0
.
1
9
8

9
6
0
8
.
9
4
0

-
1
4
8
6
.
7
1
7

5
7
3
0
.
9
3
5

-
8
4
9
.
7
4
0

2
6

1
8
2
9
7
.
1
0
0

3
4
3
1
.
6
7
8

4
4
5
0
.
9
0
9

-
5
2
7
.
4
9
3

1
0
1
9
6
.
3
1
0

-
1
3
5
1
.
6
6
4

6
2
1
9
.
1
8
6

-
8
4
9
.
7
4
0

2
7

1
9
4
8
8
.
6
6
0

3
6
5
5
.
1
5
9

4
6
1
7
.
3
8
5

-
4
7
4
.
7
8
8

1
0
5
9
0
.
7
5
0

-
1
2
1
6
.
6
1
0

6
5
6
7
.
9
3
6

-
8
4
9
.
7
4
0

2
8

2
0
2
0
3
.
6
0
0

3
7
8
9
.
2
4
8

4
7
1
7
.
4
5
1

-
4
2
2
.
0
8
3

1
0
7
8
8
.
1
5
0

-
1
0
8
1
.
5
5
7

6
7
7
7
.
1
8
6

-
8
4
9
.
7
4
0

2
9

2
0
4
4
1
.
9
1
0

3
8
3
3
.
9
4
4

4
7
4
9
,
4
1
6

-
3
6
9
.
3
7
7

1
0
7
8
7
.
9
5
0

-
9
4
6
.
5
0
3

6
8
4
6
.
9
3
6

-
8
4
9
.
7
4
0

3
0

2
0
2
0
3
.
6
0
0

3
7
8
9
.
2
4
8

4
7
1
7
.
4
5
1

-
4
2
2
.
0
8
3

1
0
7
8
8
.
1
5
0

-
1
0
8
1
.
5
5
7

6
7
7
7
.
1
8
6

-
8
4
9
.
7
4
0

3
1

1
9
4
8
8
.
6
6
0

3
6
5
5
.
1
5
9

4
6
1
7
.
3
8
5

-
4
7
4
.
7
8
8

1
0
5
9
0
.
7
5
0

-
1
2
1
6
.
6
1
0

6
5
6
7
.
9
3
6

-
8
4
9
.
7
4
0

3
2

1
8
2
9
7
.
1
0
0

3
4
3
1
.
6
7
8

4
4
5
0
.
9
0
9

-
5
2
7
.
4
9
3

1
0
1
9
6
.
3
1
0

-
1
3
5
1
.
6
6
4

6
2
1
9
.
1
8
6

-
8
4
9
.
7
4
0

3
3

1
6
6
2
8
.
9
1
0

3
1
1
8
.
8
0
4

4
2
2
0
.
9
1
7

-
5
8
0
.
1
9
8

9
6
0
8
.
9
4
0

-
1
4
8
6
.
7
1
7

5
7
3
0
.
9
3
5

-
8
4
9
.
7
4
0

3
4

1
4
4
8
4
.
1
0
0

2
7
1
6
.
5
3
8

3
9
3
1
.
5
0
5

-
6
3
2
.
9
0
4

8
8
3
6
.
2
8
6

-
1
6
2
1
.
7
7
1

5
1
0
3
.
1
8
5

-
8
4
9
.
7
0
2

3
5

1
1
8
6
2
.
6
6
0

2
2
2
4
.
8
7
9

3
5
8
7
.
9
6
7

-
6
8
5
.
6
0
9

7
8
8
9
.
5
4
8

-
1
7
5
6
.
8
2
4

4
3
3
5
.
9
3
5

-
8
4
9
.
7
2
1

3
6

8
7
6
4
.
5
9
8

1
6
4
3
.
8
2
8

3
1
9
6
.
7
9
9

-
7
3
8
.
3
1
4

6
7
8
3
.
4
7
1

-
1
8
9
1
.
8
7
8

3
4
2
9
.
1
4
5

-
8
4
9
.
4
5
7

3
7

5
1
8
9
.
9
1
1

9
7
3
.
3
8
4

2
7
6
5
.
6
9
8

-
7
9
1
.
0
2
0

5
5
3
6
.
3
4
9

-
2
0
2
6
.
9
3
2

2
5
2
8
.
5
1
8

-
9
9
5
.
3
4
2

3
8

1
1
3
8
.
5
9
8

2
1
3
.
5
4
8

2
3
0
3
.
5
6
0

-
8
4
3
.
7
2
5

4
1
7
0
.
0
2
3

-
2
1
6
1
.
9
8
5

1
7
5
2
.
6
3
7

-
1
4
0
5
.
2
0
8

3
9

-
3
3
8
9
.
3
3
9

-
6
3
5
.
6
8
1

1
8
2
0
.
4
8
5

-
8
9
6
.
4
3
0

2
7
0
9
.
8
8
4

-
2
2
9
7
.
0
3
9

1
1
5
8
.
4
1
4

-
2
1
3
6
7
1
9

4
0

-
8
3
9
3
.
9
0
2

-
1
5
7
4
.
3
0
2

1
3
2
7
.
7
7
0

-
1
2
3
5
.
8
4
9

1
6
9
3
.
2
5
9

-
3
4
1
1
.
9
3
0

7
5
0
.
4
7
6

-
3
1
9
3
.
0
4
8

4
1

-
1
3
8
7
5
.
0
9
0

-
2
6
0
2
.
3
1
6

8
4
3
.
7
4
3

-
1
8
0
9
.
0
0
9

9
8
2
.
2
0
4

-
5
0
5
5
.
6
5
1

5
1
0
.
5
3
1

-
4
5
5
7
.
3
3
7

4
2

-
1
9
8
3
2
.
9
0
0

-
3
7
1
9
.
7
2
2

3
8
2
.
6
4
1

-
2
4
5
0
.
5
6
0

8
0
9
.
1
9
3

-
6
9
0
7
.
9
6
1

4
1
1
.
2
9
9

-
6
2
0
1
.
8
5
2

4
3

-
2
6
2
6
7
.
3
4
0

-
4
9
2
6
.
5
2
1

3
6
8
.
4
9
7

-
3
1
5
4
.
0
3
6

9
4
4
.
2
4
7

-
8
9
3
3
.
4
1
5

4
2
3
.
8
5
7

-
8
0
9
7
.
6
6
0

J
4
3

-
2
6
2
6
7
.
3
4
0

-
4
9
2
6
.
5
2
1

3
6
8
.
4
9
7

-
3
1
5
4
.
0
3
6

9
4
4
.
2
4
7

-
8
9
3
3
.
4
1
5

4
2
3
.
8
5
7

-
8
0
9
7
.
6
6
0

4
4

-
2
1
2
9
3
.
0
4
0

-
3
9
9
3
.
5
7
5

6
3
7
.
4
6
3

-
2
9
2
8
.
7
4
8

8
7
6
.
8
0
1

-
8
2
9
5
.
3
1
4

5
2
6
.
8
1
4

-
6
7
4
5
.
7
4
0

4
5

-
1
6
7
9
5
.
3
6
0

-
3
1
5
0
.
0
2
2

1
2
8
2
.
9
7
1

-
2
7
0
3
.
4
6
0

1
9
3
6
.
9
8
9

-
7
6
5
7
.
2
1
3

9
5
8
.
3
1
6

-
5
8
6
1
.
8
6
3

4
6

-
1
2
7
7
4
.
3
1
0

-
2
3
9
5
.
8
6
2

1
8
6
9
.
8
9
3

-
2
4
7
8
.
1
7
1

3
4
5
8
.
8
9
0

-
7
0
1
9
.
1
1
2

1
6
3
4
.
0
9
7

-
5
3
6
1
.
7
6
4

4
7

-
9
2
2
9
.
8
8
6

-
1
7
3
1
.
0
9
4

2
3
7
7
.
6
7
2

-
2
2
5
2
.
8
8
3

4
7
1
5
.
9
5
3

-
6
3
8
1
.
0
1
1

2
1
8
3
.
0
4
3

-
4
8
7
4
.
3
3
1

4
8

-
6
1
6
2
.
0
8
4

-
1
1
5
5
.
7
1
8

2
7
8
7
.
5
5
1

-
2
0
2
7
.
5
9
5

5
6
2
9
.
1
8
7

-
5
7
4
2
.
9
1
0

2
5
9
2
.
4
8
8

-
4
3
8
6
.
8
9
8



4
9

5
0

5
2

5
3

5
4

5
5

5
6

5
7

-
3
5
7
0
.
9
0
8

1
4
5
6
.
3
5
7

1
8
1
.
5
6
9

1
3
4
2
.
8
7
0

2
0
2
7
.
5
4
6

2
2
3
5
.
5
9
7

1
9
6
7
.
0
2
3

1
2
2
1
.
8
2
4

0
.
0
0
0

-
6
6
9
.
7
3
5

-
2
7
3
.
1
4
4

3
4
.
0
5
4

2
5
1
.
8
5
9

3
8
0
.
2
7
3

4
1
9
.
2
9
3

3
6
8
.
9
2
1

2
2
9
.
1
5
7

0
.
0
0
0

3
0
8
2
.
5
7
5

3
2
4
7
.
5
9
1

3
2
7
8
.
6
9
9

3
1
6
2
.
8
9
9

2
8
8
4
.
0
6
4

2
4
3
3
.
9
2
4

1
8
0
6
.
0
1

9
9
5
.
6
5
8

0
.
0
0
0

-
1
8
0
2
.
3
0
6

1
5
7
7
.
0
1
8

1
3
5
1
.
7
3
0

1
2
6
.
4
4
2

-
9
0
1
.
1
5
3

-
6
7
5
.
8
6
5

-
4
5
0
.
5
7
7

-
2
2
5
.
2
8
8

0
.
0
0
0

6
1
8
7
.
1
5
1

6
3
1
9
.
7
2
5

6
5
0
7
.
6
7
7

6
4
4
9
.
9
4
5

5
9
8
1
.
5
4
0

1
5
.
3
2
7

3
8
7
6
.
0
6
4

2
1
9
6
.
5
1
9

0
.
0
0
0

-
5
1
0
4
.
8
0
9

-
4
4
6
6
.
7
0
8

-
3
8
2
8
.
6
0
7

-
3
1
9
0
.
5
0
6

-
2
5
5
2
.
4
0
4

-
1
9
1
4
.
3
0
3

1
2
7
6
.
2
0
2

-
6
3
8
.
1
0
1

0
.
0
0
0

2
8
6
2
.
4
3
4

2
9
9
2
.
8
8
0

2
9
8
3
.
8
2
6

2
8
3
5
.
2
7
2

2
5
4
7
.
2
1
7

2
1
1
9
.
6
3
4

1
5
5
2
.
5
8
9

8
4
6
.
0
4
5

0
.
0
0
0

.
8
9
9
.
4
6
5

-
3
4
1
2
.
0
3
1

-
2
9
2
4
.
5
9
9

-
2
4
3
7
.
1
6
5

1
9
4
9
.
7
3
2

1
4
6
2
.
3
0
0

-
9
7
4
.
8
6
6

-
4
8
7
.
4
3
3

0
.
0
0
0

t
o



TA
B

EL
5.

16
G

A
Y

A
G

ES
ER

G
EL

A
G

A
R

JE
M

B
A

TA
N

H
A

SI
L

PE
R

H
IT

U
N

G
A

N
SA

P
20

00
B

E
R

D
A

S
A

R
K

A
N

P
E

M
B

E
B

A
N

A
N

A
A

S
T

H
O

19
94

(B
ER

A
T

SE
N

D
IR

I
G

EL
A

G
A

R
W

aol
aei

lI.
=

10
,3

78
kN

/m
)

Be
nt
an
g

L
o
k
a
s
i

G
a
y
a
ge
se
r
(
k
N
)

D
C

D
W

T
a
n
d
e
m

T
r
u
c
k

l
a
n
e

M
a
x

m
i
n

M
a
x

m
i
n

m
a
x

M
i
n

1
1

-
2
9
2
.
0
2
7

-
5
4
.
7
7
1

4
5
.
0
5
8

-
2
1
7
.
7
6
3

1
2
7
.
6
2
0

-
4
9
2
.
0
4
7

9
7
.
4
8
7

-
1
8
3
.
1
5
9

2
-
1
9
6
.
7
0
2

-
3
6
.
8
9
2

4
5
.
0
5
8

-
1
9
9
.
1
3
2

1
2
7
.
6
2
0

-
4
3
9
.
3
0
4

9
8
.
6
6
9

-
1
5
6
.
4
4
1

3
-
1
0
1
.
3
7
7

-
1
9
.
0
1
4

4
5
.
0
5
8

-
1
8
0
.
6
0
1

1
2
7
.
6
2
0

-
3
8
7
.
6
0
6

1
0
2
.
2
0
9

-
1
3
2
.
0
8
2

4
-
6
.
0
5
2

-
1
.
1
3
5

5
3
.
3
6
2

-
1
6
2
.
2
6
2

1
2
7
.
6
2
0

-
3
3
7
.
2
2
1

1
0
8
.
0
9
1

-
1
1
0
.
0
6
3

5
8
9
.
2
7
3

1
6
.
7
4
3

7
1
.
4
9
6

-
1
4
4
.
2
0
3

1
2
7
.
6
2
0

-
2
8
8
.
4
1
4

1
1
6
.
2
8
6

-
9
0
.
3
6
0

6
1
8
4
.
5
9
8

3
4
.
6
2
2

8
9
.
2
8
0

-
1
2
6
.
5
1
6

1
2
7
.
6
2
0

-
2
4
1
.
4
5
1

1
2
6
.
7
5
3

-
7
2
.
9
2
8

7
2
7
9
.
9
2
3

5
2
.
5
0
0

1
0
6
.
6
2
5

-
1
0
9
.
2
9
0

1
6
6
.
8
6
7

-
1
9
6
.
5
9
8

1
3
9
.
4
4
2

-
5
7
.
7
1
6

8
3
7
5
.
2
4
8

7
0
.
3
7
9

1
2
3
.
4
4
0

-
9
2
.
6
1
5

2
1
8
.
1
7
3

-
1
5
4
.
1
2
2

1
5
4
.
2
8
9

-
4
4
.
6
6
3

9
4
7
0
.
5
7
3

8
8
.
2
5
7

1
3
9
.
6
3
6

-
7
6
.
5
8
2

2
6
9
.
7
0
0

-
1
1
4
.
9
3
2

1
7
1
.
2
2
1

-
3
3
.
6
9
5

1
0

5
6
5
.
8
9
8

1
0
6
.
1
3
6

1
5
5
.
1
2
1

-
6
1
.
2
8
0

3
1
9
.
8
7
7

-
8
2
.
8
8
4

1
9
0
.
1
5
1

-
2
4
.
7
2
3

1
1

6
6
1
.
2
2
3

1
2
4
.
0
1
4

1
6
9
.
8
0
7

-
4
6
.
8
0
0

3
6
8
.
4
3
9

-
6
0
.
1
7
3

2
1
0
.
9
8
2

-
1
7
.
6
5
4

1
2

7
5
6
.
5
4
8

1
4
1
.
8
9
3

1
8
3
.
6
0
2

-
3
3
.
2
3
2

4
1
5
.
1
1
8

-
4
0
.
7
9
7

2
3
3
.
6
0
7

-
1
2
.
3
7
9

1
3

8
5
1
.
8
7
3

1
5
9
.
7
7
1

1
9
6
.
4
1
7

-
2
0
.
6
6
5

4
5
9
.
6
4
9

-
2
2
.
9
6
0

2
5
7
.
9
0
4

-
8
.
7
7
6

1
4

9
4
7
.
1
9
8

1
7
7
.
6
5
0

2
0
8
.
1
6
2

-
9
.
1
9
1

5
0
1
.
7
6
6

-
1
3
.
4
8
9

2
8
3
.
7
4
3

-
6
.
7
1
5

1
5

1
0
4
2
.
5
2
3

1
9
5
.
5
2
8

2
1
8
.
7
4
7

-
5
.
2
6
4

5
4
1
.
2
0
1

-
1
3
.
4
8
9

3
1
0
.
9
8
1

-
6
.
0
5
3

2
1
5

-
1
3
3
4
.
5
5
0

-
2
5
0
.
2
9
9

1
0
.
5
4
1

-
2
1
9
.
4
7
9

2
7
.
0
1
1

-
6
0
0
.
1
2
5

1
2
.
1
2
5

-
4
0
2
.
7
2
5

1
6

-
1
2
3
9
.
2
2
5

-
2
3
2
.
4
2
1

1
0
.
5
4
1

-
2
1
5
.
0
4
0

2
7
.
0
1
1

-
5
8
1
.
5
7
0

1
2
.
4
0
0

-
3
7
5
.
1
0
0

1
7

-
1
1
4
3
.
9
0
0

-
2
1
4
.
5
4
2

1
0
.
5
4
1

-
2
0
9
.
8
2
8

2
7
.
0
1
1

-
5
6
1
.
2
3
0

1
3
.
2
7
6

-
3
4
8
.
0
7
6

1
8

-
1
0
4
8
.
5
7
5

-
1
9
6
.
6
6
4

1
4
.
6
1
5

-
2
0
3
.
9
0
3

2
7
.
0
1
1

-
5
3
9
.
2
8
0

1
4
.
8
4
8

-
3
2
1
.
7
4
8

1
9

-
9
5
3
.
2
5
0

-
1
7
8
.
7
8
5

2
1
.
0
4
2

-
1
9
7
.
3
2
4

2
7
.
0
1
1

-
5
1
5
.
8
9
9

1
7
.
2
0
3

-
2
9
6
.
2
0
3

2
0

-
8
5
7
.
9
2
5

-
1
6
0
.
9
0
7

2
8
.
0
7
7

-
1
9
0
.
1
5
3

3
7
.
6
3
5

-
4
9
1
.
2
6
3

2
0
.
4
2
1

-
2
7
1
.
5
2
1



2
1

-
7
6
2
.
6
0
C

-
1
4
3
.
0
2
8

3
5
.
6
5
9

-
1
8
2
.
4
4
8

5
2
.
6
8
1

-
4
6
5
.
5
5
0

2
4
.
5
7
5

-
2
4
7
.
7
7
5

2
2

-
6
6
7
.
2
7
5

-
1
2
5
.
1
5
C

4
3
.
7
2
9

-
1
7
4
.
2
7
0

7
1
.
2
5
5

-
4
3
8
.
9
3
8

2
9
.
7
2
9

-
2
2
5
.
0
2
9

2
3

-
5
7
1
.
9
5
C

-
1
0
7
.
2
7
1

5
2
.
2
2
6

-
1
6
5
.
6
8
0

9
1
.
8
3
5

-
4
1
1
.
6
0
4

3
5
.
9
4
0

-
2
0
3
.
3
4
0

2
4

-
4
7
6
.
6
2
5

-
8
9
.
3
9
3

6
1
.
0
9
0

-
1
5
6
.
7
3
6

1
1
3
.
9
9
9

-
3
8
3
.
7
2
5

4
3
.
2
5
8

-
1
8
2
.
7
5
8

2
5

-
3
8
1
.
3
0
0

-
7
1
.
5
1
4

7
0
.
2
6
2

-
1
4
7
.
4
9
9

1
3
7
.
5
7
0

-
3
5
5
.
4
7
9

5
1
.
7
2
5

-
1
6
3
.
3
2
5

2
6

-
2
8
5
.
9
7
5

-
5
3
.
6
3
6

7
9
.
6
8
1

-
1
3
8
.
0
2
9

1
6
2
.
3
6
9

-
3
2
7
.
0
4
3

6
1
.
3
7
5

-
1
4
5
.
0
7
5

2
7

-
1
9
0
.
6
5
0

-
3
5
.
7
5
7

8
9
.
2
8
8

-
1
2
8
.
3
8
7

1
8
8
.
2
2
0

-
2
9
8
.
5
9
4

7
2
.
2
3
4

-
1
2
8
.
0
3
4

2
8

-
9
5
.
3
2
5

-
1
7
.
8
7
9

9
9
.
0
2
2

-
1
1
8
.
6
3
1

2
1
4
.
9
4
6

-
2
7
0
.
3
1
0

8
4
.
3
2
2

-
1
1
2
.
2
2
2

2
9

0
.
0
0
0

0
.
0
0
0

1
0
8
.
8
2
3

-
1
0
8
.
8
2
3

2
4
2
,
3
6
8

-
2
4
2
.
3
6
8

9
7
.
6
5
0

-
9
7
.
6
5
0

3
0

9
5
.
3
2
5

1
7
.
8
7
9

1
1
8
.
6
3
1

-
9
9
,
0
2
2

2
7
0
.
3
1
0

-
2
1
4
.
9
4
6

1
1
2
.
2
2
2

-
8
4
.
3
2
2

3
1

1
9
0
.
6
5
0

3
5
.
7
5
7

1
2
8
.
3
8
7

-
8
9
.
2
8
8

2
9
8
.
5
9
4

-
1
8
8
.
2
2
0

1
2
8
.
0
3
4

-
7
2
2
3
4

3
2

2
8
5
.
9
7
5

5
3
.
6
3
6

1
3
8
.
0
2
9

-
7
9
.
6
8
1

3
2
7
.
0
4
3

-
1
6
2
.
3
6
9

1
4
5
.
0
7
5

-
6
1
,
3
7
5

3
3

3
8
1
.
3
0
0

7
1
.
5
1
4

1
4
7
.
4
9
9

-
7
0
.
2
6
2

3
5
5
.
4
7
9

-
1
3
7
.
5
7
0

1
6
3
.
3
2
5

-
5
1
.
7
2
5

3
4

4
7
6
.
6
2
5

8
9
.
3
9
3

1
5
6
.
7
3
6

-
6
1
.
0
9
0

3
8
3
.
7
2
5

-
1
1
3
.
9
9
9

1
8
2
.
7
5
8

-
4
3
.
2
5
8

3
5

5
7
1
.
9
5
0

1
0
7
.
2
7
1

1
6
5
.
6
8
0

-
5
2
.
2
2
6

4
1
1
.
6
0
4

-
9
1
.
8
3
5

2
0
3
.
3
4
0

-
3
5
.
9
4
0

3
6

6
6
7
.
2
7
5

1
2
5
.
1
5
0

1
7
4
.
2
7
0

-
4
3
.
7
2
9

4
3
8
.
9
3
8

-
7
1
.
2
5
5

2
2
5
.
0
2
9

-
2
9
.
7
2
9

3
7

7
6
2
.
6
0
0

1
4
3
.
0
2
8

1
8
2
.
4
4
8

-
3
5
.
6
5
9

4
6
5
.
5
5
0

-
5
2
.
6
8
1

2
4
7
.
7
7
5

-
2
4
.
5
7
5

3
8

8
5
7
.
9
2
5

1
6
0
.
9
0
7

1
9
0
.
1
5
3

-
2
8
.
0
7
7

4
9
1

26
.3

-
3
7
.
6
3
5

2
7
1
.
5
2
1

-
2
0
.
4
2
1

3
9

9
5
3
.
2
5
0

1
7
8
.
7
8
5

1
9
7
.
3
2
4

-
2
1
,
0
4
2

5
1
5
,
8
9
9

-
2
7
.
0
1
1

2
9
6
.
2
0
3

-
1
7
,
2
0
3

4
0

1
0
4
8
.
5
7
5

1
9
6
.
6
6
4

2
0
3
.
9
0
3

-
1
4
.
6
1
5

5
3
9
.
2
8
0

-
2
7
.
0
1
1

3
2
1
.
7
4
8

-
1
4
.
8
4
8

4
1

1
1
4
3
.
9
0
0

2
1
4
.
5
4
2

2
0
9
.
8
2
8

-
1
0
.
5
4
1

5
6
1
.
2
3
0

-
2
7
.
0
1
1

3
4
8
.
0
7
6

-
1
3
.
2
7
6

4
2

1
2
3
9
.
2
2
5

2
3
2
.
4
2
1

2
1
5
.
0
4
0

-
1
0
.
5
4
1

5
8
1
.
5
7
0

-
2
7
.
0
1
1

3
7
5
.
1
0
0

-
1
2
.
4
0
0

4
3

1
3
3
4
.
5
5
0

2
5
0
.
2
9
9

2
1
9
.
4
7
9

-
1
0
.
5
4
1

6
0
0
.
1
2
5

-
2
7
.
0
1
1

4
0
2
.
7
2
5

-
1
2
.
1
2
5

3
4
3

-
1
0
4
2
.
5
2
3

-
1
9
5
.
5
2
8

5
.
2
6
4

-
2
1
8
.
7
4
7

1
3
.
4
8
9

-
5
4
1
.
2
0
1

6
.
0
5
3

-
3
1
0
.
9
8
1

4
4

-
9
4
7
.
1
9
8

-
1
7
7
.
6
5
0

9
.
1
9
1

-
2
0
8
.
1
6
2

1
3
.
4
8
9

-
5
0
1
.
7
6
6

6
.
7
1
5

-
2
8
3
.
7
4
3

4
5

-
8
5
1
.
8
7
3

-
1
5
9
.
7
7
1

2
0
.
6
6
5

-
1
9
6
.
4
1
7

2
2
.
9
6
0

-
4
5
9
.
6
4
9

8
.
7
7
6

-
2
5
7
.
9
0
4

4
6

-
7
5
6
.
5
4
8

-
1
4
1
.
8
9
3

3
3
.
2
3
2

-
1
8
3
.
6
0
2

4
0
.
7
9
7

-
4
1
5
.
1
1
8

1
2
.
3
7
9

-
2
3
3
.
6
0
7

4
7

-
6
6
1
.
2
2
3

-
1
2
4
.
0
1
4

4
6
.
8
0
0

-
1
6
9
.
8
0
7

6
0
.
1
7
3

-
3
6
8
.
4
3
9

1
7
,
6
5
4

-
2
1
0
.
9
8
2

4
8

-
5
6
5
.
8
9
8

-
1
0
6
.
1
3
6

6
1
.
2
8
0

-
1
5
5
.
1
2
1

8
2
.
8
8
4

-
3
1
9
.
8
7
7

.
.
.

2
4
.
7
2
3

-
1
9
0
.
1
5
1



L
S

Y
L

6
-

6
_

I
£

8
1

0
3

9
7

.3
1

"
L

P
0

Z
6

P
8

S
0

_
>

£
9

L
L

\Z
1L

L
P

S
Z

.Z
0

Z
6

Z
/5

6
9

9
8

6
"

I
M

^
S

I
0

3
9

/.3
1

-
P

0
i'6

Z
P

8
5

0
5

."
3

£
1

'6
6

l
3

6
8

'9
£

S
O

/.
9

6
1

9
5

6
0

Z
Z

0
I"

Z
8

0
Z

£
l

0
3

9
/3

1
-

9
0

9
_

8
£

8
.0

'S
t'-

1
0

9
0

8
1

H
0

"
6

I
U

£
lO

l
5

5
1

6
0

8
0

1
-

£
9

0
0

1
1

0
Z

9
'_

.l-
1

Z
Z

7
£

£
Z

9
£

£
5

"
3

9
3

3
9

1
_

£
1

1
Z

5
0

"9
P

9
9

8
3

9
1

1
-

0
9

£
0

6
0

3
9

/3
1

"
p

\v
&

%
z

9
6

K
U

"
£

0
3

>
M

£
P

L
9

\-
£

_
Z

"6
8

-
£

5
£

-Z
/9

_
I-

8
Z

6
Z

/.
0

3
9

7
.3

1
"

\S
Y

\P
Z

0
8

3
6

8
"

9
I5

9
Z

I
3

Z
9

M
"

8
6

5
1

7
8

1
-

Z
S

Z
.t'6

£
I-

9
1

Z
/Z

.5
Z

.9
8

'9
9

1
-

8
6

5
9

6
1

5
3

9
9

0
1

"
0

6
Z

6
0

I
0

0
5

3
5

"
£

3
6

'6
/Z

"
[5

6
8

.K
I
-

£
9

9
>

t7
£

/l'8
1

Z
"

z
z
r
i/.i

0
.
f

£
3

1
"

5
1

9
3

6
6

/.£
"0

_
-

8
l7

Z
"5

_
£

-
0

5
I
.6

l
_

I
-

5
6

9
£

£
0

0
/6

9
3

"
3

£
6

+
l

1
9

£
9

"
6

£
|-

3
8

5
9

/
Z

.5
3

'8
8

"
£

/5
O

L
p

-
b

P



B
en

ta
ng

L
o

k
a
si

11 1
2

1
5

1
5

1
6

D
C

0
.0

0
0

1
2

2
1

.8
2

4

1
9

6
7

.0
2

3

2
2

3
5

.5
9

7

2
0

2
7

.5
4

6

1
3

4
2

.8
7

0

1
8

1
.5

6
9

-1
4

5
6

.3
5

7

-3
5

7
0

.9
0

8

-6
1

6
2

.0
8

4

-9
2

2
9

.8
8

6

-1
2

7
7

4
.3

1
0

1
6

7
9

5
.3

6
0

-2
1

2
9

3
.0

4
0

-2
6

2
6

7
.3

4
0

-2
6

2
6

7
.3

4
0

-1
9

8
3

2
.9

0
0

TA
BE

L
5.1

7
M

OM
EN

TE
RF

A
K

TO
R

AK
IB

AT
BE

BA
N

HI
DU

P
M

AX
PO

SI
TI

F
P

A
D

A
G

E
L

A
G

A
R

IN
T

E
R

IO
R

(B
ER

A
T

SE
ND

IR
IG

EL
A

G
A

R
W

^
=1

0,3
78

kN
/m

)

M
om

en
(k

N
m

)
D

W
T

ru
c
k

/t
a
n

d
e
m

la
n

e
M

g
m

0
.0

0
0

2
2

9
.1

5
7

m
ax

p
o

si
ti

f

3
6

8
.9

2
1

0
.0

0
0

m
ax

p
o

si
ti

f

2
1

9
6

.5
1

9

3
8

7
6

.0
6

4

0
.0

0
0

8
4

6
.0

4
5

1
5

5
2

.5
8

9

0
.4

4
9

0
.4

4
9

0
.4

5

4
1

9
.2

9
3

3
8

0
.2

7
3

2
5

1
.8

5
9

3
4

.0
5

4

-2
7

3
.1

4
4

-6
6

9
.7

3
5

-1
1

5
5

.7
1

8

5
1

1
5

.3
2

7

5
9

8
1

.5
4

0

6
4

4
9

.9
4

5

6
5

0
7

.6
7

7

6
3

1
9

.7
2

5

2
1

1
9

.6
3

4

2
5

4
7

.2
1

7

2
8

3
5

.2
7

2

2
9

8
3

.8
2

6

2
9

9
2

.8
8

0

6
1

8
7

.1
5

1

5
6

2
9

.1
8

7

0
.4

5
3

0
.4

5
6

0
.4

6
0

0
.4

6
5

0
.4

7
1

2
8

6
2

.4
3

4

2
5

9
2

.4
8

8

0
.4

8
7

0
.4

9
4

1
7

3
1

.0
9

4

-2
3

9
5

.8
6

2

4
7

1
5

.9
5

3

3
4

5
8

.8
9

0

2
1

8
3

.0
4

3

1
6

3
4

.0
9

7

0
.5

0
1

0
.5

0
8

-3
1

5
0

.0
2

2
1

9
3

6
.9

8
9

9
5

8
.3

1
6

0
.5

2

-3
9

9
3

.5
7

5
8

7
6

.8
0

1
5

2
6

.8
1

4
0

.5
2

9

-4
9

2
6

.5
2

-4
9

2
6

.5
2

1

9
4

4
.2

4
7

9
4

4
.2

4
7

4
2

3
.8

5
7

4
2

3
.8

5
7

0
.5

3
7

0
.5

3
1

-3
7

1
9

.7
2

2
8

0
9

.1
9

3
4

1
1

.2
9

9

(a
ll

ot
he

r)
(f

at
ig

ue
)

S
tr

en
gt

h

0
.0

0
0

0
.0

0
0

0
.0

0
0

1
6

9
1

.5
6

9
1

5
1

4
.0

4
7

4
5

8
9

.6
9

9

3
0

2
1

.8
4

3
2

7
0

7
.5

3
3

7
8

8
5

.3
6

7

4
0

4
1

.2
3

5
3

6
2

4
.2

2
4

9
9

7
0

.8
1

8

4
7

9
0

.2
6

6
4

2
9

9
.1

9
3

1
0

9
1

3
.4

1
6

5
2

5
2

.5
8

4
4

7
1

8
.2

9
7

1
0

6
8

5
.9

7
9

5
4

1
2

.1
5

2
4

8
6

7
.4

5
9

9
2

6
1

.8
4

2

5
3

6
2

.8
1

3
4

8
2

7
.5

9
5

6
7

9
7

.0
2

2

5
4

0
3

.7
0

3
4

8
6

1
.1

1
5

3
7

8
8

.8
3

1

4
9

7
5

.1
4

6
4

4
7

5
.0

0
4

-6
9

3
.1

9
3

4
2

3
1

.8
5

8
3

8
0

6
.9

9
8

-6
3

9
1

.8
3

5

3
1

6
5

.2
1

5
2

8
4

9
.1

2
1

-1
3

3
2

1
.4

2
6

1
8

4
1

.4
8

0
1

6
5

9
.8

3
0

-2
1

3
7

1
.8

1
0

8
9

5
.5

7
5

8
1

2
.0

8
6

-2
9

4
8

7
.4

3
5

9
0

2
.1

7
0

8
1

0
.8

8
2

-3
6

7
1

2
.9

0
1

8
9

2
.4

2
8

8
0

2
.1

2
5

-3
6

7
2

9
.0

9
8

K
o

m
b

in
a
si

M
u

II

S
e
rv

ic
e

1

0
.0

0
0

3
1

4
2

.5
5

0

5
3

5
7

.7
8

8

6
6

9
6

.1
2

5

7
1

9
8

.0
8

4

6
8

4
7

.3
1

4

5
6

2
7

.7
7

5

3
6

3
3

.3
1

1

1
6

3
.0

6
0

-2
3

4
2

.6
5

6

-6
7

2
9

.1
2

2

1
2

0
0

4
.9

5
7

-1
8

1
0

3
.9

0
2

-2
4

3
9

1
.0

4
0

-3
0

2
9

1
.6

9
1

-3
0

3
0

1
.4

3
3

i
n

S
e
rv

ic
e

2

0
.0

0
0

3
6

5
0

.0
2

1

6
2

6
4

.3
4

7
9

0
8

.4
9

6

8
6

3
5

.1
6

4

8
4

2
3

,0
8

9

7
2

5
1

.4
2

0

5
2

4
2

.1
5

5

2
7

8
4

.1
7

1

-8
5

0
.1

12

-5
4

5
9

.5
6

5

1
1

0
5

5
.3

9
2

-1
7

5
5

1
.4

5
7

-2
4

1
2

2
.3

6
7

-3
0

0
2

1
.0

4
0

-3
0

0
3

3
.7

0
5

1
3

8
7

5
.0

9
0

-2
6

0
2

.3
1

6
9

8
2

.2
0

4
5

1
0

.5
3

1

0
.5

2
7

0
.5

2
4

7
8

4
.5

2
1

9
5

1
.3

0
9

7
0

7
.7

0
3

8
5

8
.7

3
8

-2
7

5
4

7
.9

0
6

-2
2

7
6

8
.1

0
1

-1
8

6
0

3
.4

1
8

1
5

5
2

6
.0

9
7

-2
2

5
3

2
.7

4
5

1
5

2
4

0
.7

0
4

-8
3

9
3

.9
0

2

-3
3

8
9

.3
3

9

1
5

7
4

.3
0

2

-6
3

5
.6

8
1

1
6

9
3

.2
5

9

2
7

0
9

.8
8

4

7
5

0
.4

7
6

I
1

5
8

.4
1

4

0
.5

2
0

0
.5

1
7

1
5

6
1

.6
0

6

2
4

6
1

.2
9

1

1
4

0
3

.0
8

6
-9

6
1

4
.9

7
0

2
2

0
9

.2
0

7
-8

3
8

.7
9

0

-8
4

0
6

.5
9

8

-1
5

6
3

.7
2

9

-7
9

3
8

.1
1

7

-8
2

5
.3

4
2

IV

F
at

ig
u

e

0
.0

0
0

1
1

3
5

.5
3

5

2
0

3
0

.6
5

0

2
7

1
8

.1
6

8

3
2

2
4

.3
9

5

3
5

3
8

.7
2

2

3
6

5
0

.5
9

5

3
6

2
0

.6
9

6

3
6

4
5

.8
3

6

3
3

5
6

.2
5

3

2
8

5
5

.2
4

8

2
1

3
6

.8
4

1

1
2

4
4

.8
7

2

6
0

9
.0

6
5

6
0

8
.1

6
1

6
0

1
.5

9
4

5
3

0
.7

7
7

6
4

4
.0

5
4

1
0

5
2

.3
1

5

1
6

5
6

.9
0

5

M
u

(k
N

m
)

0
.0

0
0

4
5

8
9

.6
9

9

7
8

8
5

.3
6

7

9
9

7
0

.8
1

8

1
0

9
1

3
.4

1
6

1
0

6
8

5
.9

7
9

9
2

6
1

.8
4

2

6
7

9
7

.0
2

2

3
6

4
5

.8
3

6

3
3

5
6

.2
5

3

-6
7

2
9

.1
2

2

-1
3

3
2

1
.4

2
6

-2
1

3
7

1
.8

1
0

-2
9

4
8

7
.4

3
5

-3
6

7
1

2
.9

0
1

-3
6

7
2

9
.0

9
8

-2
7

5
4

7
.9

0
6

-1
8

6
0

3
.4

1
8

-9
6

1
4

.9
7

0

-1
5

6
3

.7
2

9 O



2
0

2
1

2
2

2
3

2
4

_
_
_
_
_

2
6

_2
7_

2
8

2
9

3
0

3
1

3
2

3
3

3
4

3
5

3
6

3
7

_
_
_
_
_

_
_
_
_
_
_

4
0

4
1

4
2

4
3

4
3

4
4

4
5

4
6

4
7

1
3
8
.
5
9
8

5
1
8
9
.
9
1

8
7
6
4
.
5
9
8

1
8
6
2
.
6
6
0

1
4
4
8
4
.
1
0
0

1
6
6
2
8
.
9
1
0

1
8
2
9
7
.
1
0
0

1
9
4
8
8
.
6
6
0

2
0
2
0
3
.
6
0
0

2
0
4
4
1
.
9
1
0

2
0
2
0
3
.
6
0
0

1
9
4
8
8
.
6
6
0

1
8
2
9
7
.
1
0
0

1
6
6
2
8
.
9
1
0

1
4
4
8
4
.
1
0
0

1
8
6
2
.
6
6
0

8
7
6
4
.
5
9
8

5
1
8
9
.
9
1

1
3
8
.
5
9
8

-
3
3
8
9
.
3
3
9

-
8
3
9
3
.
9
0
2

-
1
3
8
7
5
.
0
9
0

-
1
9
8
3
2
.
9
0
0

-
2
6
2
6
7
.
3
4
0

-
2
6
2
6
7
.
3
4
0

-
2
1
2
9
3
.
0
4
0

-
1
6
7
9
5
.
3
6
0

-
1
2
7
7
4
.
3
1
0

-
9
2
2
9
.
8
8
6

2
1
3
.
5
4
8

9
7
3
.
3
8
4

1
6
4
3
.
8
2
8

2
2
2
4
.
8
7
9

2
7
1
6
.
5
3
8

3
1
1
8
.
8
0
4

3
4
3
1
.
6
7
8

3
6
5
5
.
1
5
9

3
7
8
9
.
2
4
8

3
8
3
3
.
9
4
4

3
7
8
9
.
2
4
8

3
6
5
5
.
1
5
9

3
4
3
1
.
6
7
8

3
1
1
8
.
8
0
4

2
7
1
6
.
5
3
8

2
2
2
4
.
8
7
9

1
6
4
3
.
8
2
8

9
7
3
.
3
8
4

2
1
3
.
5
4
8

-6
35
76
7.
1

-
1
5
7
4
.
3
0
2

-
2
6
0
2
.
3
1
6

-
3
7
1
9
.
7
2
2

-
4
9
2
6
.
5
2
1

-
4
9
2
6
.
5
2
1

-
3
9
9
3
.
5
7
5

-
3
1
5
0
.
0
2
2

-
2
3
9
5
.
8
6
2

-
1
7
3
1
.
0
9
4

4
1
7
0
.
0
2
3

5
5
3
6
.
3
4
9

6
7
8
3
.
4
7
"

7
8
8
9
.
5
4
8

8
8
3
6
.
2
8
6

9
6
0
8
.
9
4
0

1
0
1
9
6
.
3
1
0

1
0
5
9
0
.
7
5
0

1
0
7
8
8
.
1
5
0

1
0
7
8
7
.
9
5
0

1
0
7
8
8
.
1
5
0

1
0
5
9
0
.
7
5
0

1
0
1
9
6
.
3
1
0

9
6
0
8
.
9
4
0

8
8
3
6
.
2
8
6

7
8
8
9
.
5
4
8

6
7
8
3
.
4
7
1

5
5
3
6
.
3
4
9

4
1
7
0
.
0
2
3

2
7
0
9
.
8
8
4

1
6
9
3
.
2
5
9

9
8
2
.
2
0
4

8
0
9
.
1
9
3

9
4
4
.
2
4
7

9
4
4
.
2
4
7

8
7
6
.
8
0
1

1
9
3
6
.
9
8
9

3
4
5
8
.
8
9
0

4
7
1
5
.
9
5
3

1
7
5
2
.
6
3
7

0
.
5
1
4

2
5
2
8
.
5
1
!

0
.
5
1

3
4
2
9
.
1
4
5

0
.
5
0
8

4
3
3
5
.
9
3
5

0
.
5
0
6

5
1
0
3
.
1
8
5

5
7
3
0
.
9
3
5

6
2
1
9
.
1
8
6

6
5
6
7
.
9
3
6

6
7
7
7
.
1
8
6

6
8
4
6
.
9
3
6

6
7
7
7
.
1
8
6

6
5
6
7
.
9
3
6

6
2
1
9
.
1
8
6

5
7
3
0
.
9
3
5

5
1
0
3
.
1
8
5

4
3
3
5
.
9
3
5

3
4
2
9
.
1
4
5

2
5
2
8
.
5
1
8

1
7
5
2
.
6
3
7

1
5
8
.
4
1
4

7
5
0
.
4
7
6

5
1
0
.
5
3

.
2
9
9

4
2
3
.
8
5
7

4
2
3
.
8
5
7

5
2
6
.
8
1
4

9
5
8
.
3
1
6

1
6
3
4
.
0
9
7

2
1
8
3
.
0
4
3

0
.
5
0
4

0
.
5
0
3

0
.
5
0
2

0
.
5
0
.

0
.
5
0
0

0
.
5
0
0

0
.
5
0
0

0
.
5
0
1

0
.
5
0
2

0
.
5
0
3

0
.
5
0
4

0
.
5
0
6

0
.
5
0
8

0
,
5
1
1

0
.
5
1
4

1)
75
.7

0
.
5
2
0

0
.
5
2
4

0
.
5
2
7

0
.
5
3

0
.
5
3
7

0
.
5
2
9

0
.
5
2
1

0
.
5
0
8

0
.
5
0
1

3
7
4
9
.
3
7
7

3
3
6
3
.
7
9
2

5
0
5
3
.
7
5
2

4
5
4
4
.
6
1
9

6
3
3
0
.
1
7
0

5
7
0
9
.
4
0
1

7
5
0
6
.
4
5
7

6
7
8
7
.
5
9
3

8
5
0
0
.
2
0
1

7
6
9
8
.
0
9
6

9
3
0
5
.
3
9
2

8
4
3
5
.
9
1
7

9
9
1
9
.
8
1
0

8
9
9
9
.
3
8
9

1
0
3
3
9
.
2
0
9

9
3
8
4
.
8
9
8

1
0
5
6
2
.
7
1
3

9
5
9
1
.
7
7
9

1
0
5
9
5
.
3
3
5

9
6
2
4
.
6
1
4

1
0
5
6
2
.
7
1
3

9
5
9
1
.
7
7
9

1
0
3
3
9
.
2
0
9

9
3
8
4
.
8
9
8

9
9
1
9
.
8
1
0

8
9
9
9
.
3
8
9

9
3
0
5
.
3
9
2

8
4
3
5
.
9
1
7

.
5
0
0
.
2
0
1

7
6
9
8
.
0
9
6

7
5
0
6
.
4
5
7

6
7
8
7
.
5
9
3

6
3
3
0
.
1
7
0

5
7
0
9
.
4
0
1

5
0
5
3
.
7
5
2

4
5
4
4
.
6
1
9

3
7
4
9
.
3
7
7

3
3
6
3
.
7
9
2

2
4
6
1
.
2
9
1

2
2
0
9
.
2
0
7

1
5
6
1
.
6
0
6

1
4
0
3
.
0
8
6

9
5
1
.
3
0
9

8
5
8
.
7
3
8

7
8
4
.
5
2
1

7
0
7
.
7
0
3

8
9
2
.
4
2
8

8
0
2
.
1
2
5

9
0
2
.
1
7
0

8
1
0
.
8
8
2

8
9
5
.
5
7
5

8
1
2
.
0
8
6

1
8
4
1
.
4
8
0

1
6
5
9
.
8
3
0

3
1
6
5
.
2
1
5

2
8
4
9
.
1
2
1

4
2
3
1
.
8
5
8

3
8
0
6
.
9
9
8

7
8
8
9
.
7
3
0

1
5
9
5
1
.
9
5
5

2
3
2
7
4
.
3
2
:

2
9
7
3
6
.
8
4
6

3
5
2
0
2
.
5
2
0

3
9
6
6
1
.
3
4
0

4
3
1
0
9
.
6
3
1

4
5
5
4
0
.
3
2
0

4
6
9
5
1
.
9
6
3

4
7
3
5
2
.
8
8
3

4
6
9
5
1
.
9
6
:

4
5
5
4
0
.
3
2
0

4
3
1
0
9
.
6
3

3
9
6
6
1
.
3
4
0

3
5
2
0
2
.
5
2
0

2
9
7
3
6
.
8
4
6

2
3
2
7
4
.
3
2
:

1
5
9
5
1
.
9
5
5

7
8
8
9
.
7
3
0

-
8
3
8
.
7
9
0

-
9
6
1
4
.
9
7
0

-
1
8
6
0
3
.
4
1
8

-
2
7
5
4
7
.
9
0
6

-
3
6
7
2
9
.
0
9
8

-
3
6
7
1
2
.
9
0
1

-
2
9
4
8
7
.
4
3
5

-
2
1
3
7
1
.
8
1
0

-
1
3
3
2
1
.
4
2
6

-
6
3
9
1
.
8
3
5

5
1
0
1
.
5
2
3

1
1
2
1
7
.
0
4
7

1
6
7
3
8
.
5
9
6

2
1
5
9
3
.
9
9
6

2
5
7
0
0
.
8
3
9

2
9
0
5
3
.
1
0
6

3
1
6
4
8
.
5
.

3
3
4
8
3
.
0
2
8

3
4
5
5
5
.
5
6
1

3
4
8
7
1
.
1
8
9

3
4
5
5
5
.
5
6
1

3
3
4
8
3
.
0
2
8

1
6
4
8
.
5
8
8

2
9
0
5
3
.
1
0
6

2
5
7
0
0
.
8
3
9

2
1
5
9
3
.
9
9
6

1
6
7
3
8
.
5
9
6

1
2
1
7
.
0
4
7

5
1
0
1
.
5
2
3

-
1
5
6
3
.
7
2
9

-
8
4
0
6
.
5
9
8

-
1
5
5
2
6
.
0
9
7

-
2
2
7
6
8
.
1
0
1

3
0
3
0
1
.
4
3
3

-
3
0
2
9
1
.
6
9
1

-
2
4
3
9
1
.
0
4
0

.
1
0
3
.
9
0
2

-
1
2
0
0
4
.
9
5
7

-
6
7
2
9
.
1
2
2

6
2
2
6
.
3
3
6

1
2
7
3
3
.
1
7
3

1
8
6
3
7
.
6
4
8

2
3
8
4
5
.
9
3
3

2
8
2
5
0
.
8
9
9

3
1
8
4
4
.
7
2
3

3
4
6
2
4
.
5
3
0

3
6
5
8
4
.
7
9
1

3
7
7
2
4
.
3
7
5

3
8
0
4
9
.
7
9
0

3
7
7
2
4
.
3
7
5

3
6
5
8
4
.
7
9
1

3
4
6
2
4
.
5
3
0

3
1
8
4
4
.
7
2
3

2
8
2
5
0
.
8
9
9

2
3
8
4
5
.
9
3
3

1
8
6
3
7
.
6
4
8

1
2
7
3
3
.
1
7
3

6
2
2
6
.
3
3
6

-
8
2
5
.
3
4
2

-
7
9
3
8
.
1
1
7

1
5
2
4
0
.
7
0
4

-
2
2
5
3
2
.
7
4
5

-
3
0
0
3
3
.
7
0
5

73
00
21
.0
40

-
2
4
1
2
2
.
3
6
7

-
1
7
5
5
1
.
4
5
7

1
1
0
5
5
.
3
9
2

-
5
4
5
9
.
5
6
5

2
5
2
2
.
8
4
4

3
4
0
8
.
4
6
4

4
2
8
2
.
0
5
1

5
0
9
0
.
6
9
5

5
7
7
3
.
5
7
2

6
3
2
6
.
9
3
5

6
7
4
9
.
5
4
1

7
0
3
8
.
6
7
3

7
1
9
3
.
8
3
4

7
2
1
8
.
4
6
0

7
1
9
3
.
8
3
4

7
0
3
8
.
6
7
3

6
7
4
9
.
5
4
:

6
3
2
6
.
9
3
8

5
7
7
3
.
5
7
2

5
0
9
0
.
6
9
5

4
2
8
2
.
0
5
1

3
4
0
8
.
4
6
4

2
5
2
2
.
8
4
4

1
6
5
6
.
9
0
5

1
0
5
2
.
3
1
5

6
4
4
.
0
5
4

5
3
0
.
7
7
7

6
0
1
.
5
9
4

6
0
8
.
1
6
1

6
0
9
.
0
6
5

1
2
4
4
.
8
7
2

2
1
3
6
.
8
4
1

2
8
5
5
.
2
4
8

7
8
8
9
.
7
3
0

1
5
9
5
1
.
9
5
5

2
3
2
7
4
.
3
2
:

2
9
7
3
6
.
8
4
6

3
5
2
0
2
.
5
2
0

3
9
6
6
1
.
3
4
0

4
3
1
0
9
.
6
3
1

4
5
5
4
0
.
3
2
0

4
6
9
5
1
.
9
6
3

4
7
3
5
2
.
8
8
3

4
6
9
5
1
.
9
6
3

4
5
5
4
0
.
3
2
0

4
3
1
0
9
.
6
3
1

3
9
6
6
1
.
3
4
0

3
5
2
0
2
.
5
2
0

2
9
7
3
6
.
8
4
6

2
3
2
7
4
.
3
2
3

1
5
9
5
1
.
9
5
5

7
8
8
9
.
7
3
0

-
1
5
6
3
.
7
2
9

-
9
6
1
4
.
9
7
0

-
1
8
6
0
3
.
4
1
8

-
2
7
5
4
7
.
9
0
6

-
3
6
7
2
9
.
0
9
8

-
3
6
7
1
2
.
9
0
1

-
2
9
4
8
7
.
4
3
5

-
2
1
3
7
1
.
8
1
0

-
1
3
3
2
1
.
4
2
6

-
6
7
2
9
.
1
2
2 -

J



4
8

4
9

5
0

5
2

5
3

5
4

5
5

-6
1

6
2

.0
8

4

-3
5

7
0

.9
0

8

1
4

5
6

.3
5

7

1
1

5
5

.7
1

8

-6
6

9
.7

3
5

-2
7

3
.1

4
4

5
6

2
9

.1
8

7

6
1

8
7

.1
5

2
5

9
2

.4
8

8

1
8

1
.5

6
9

1
3

4
2

.8
7

0

2
0

2
7

.5
4

6

2
2

3
5

.5
9

7

5
6

5
7

1
9

6
7

.0
2

3

1
2

2
1

.8
2

4

0
.0

0
0

3
4

.0
5

4

2
5

1
.8

5
9

3
8

0
.2

7
3

4
1

9
.2

9
3

3
6

8
.9

2
1

2
2

9
.1

5
7

6
3

1
9

.7
2

5

6
5

0
7

.6
7

7

6
4

4
9

.9
4

5

5
9

8
1

.5
4

0

5
1

1
5

.3
2

7

3
8

7
6

.0
6

4

2
1

9
6

.5
1

9

0
.0

0
0

0
.0

0
0

2
8

6
2

.4
3

4

2
9

9
2

.8
8

0

2
9

8
3

.8
2

6

2
8

3
5

.2
7

2

2
5

4
7

.2
1

7

2
1

1
9

.6
3

4

1
5

5
2

.5
8

9

8
4

6
.0

4
5

0
.0

0
0

C
a
ta

ta
n

:

Ko
m

bin
as

iI
:M

u
=

M(
1,2

5
DC

+
1,5

DW
+1

,75
(L

L+
IM

))

Ko
m

bi
na

si
II

:M
u

=
r]

(D
C

+
DW

+
(L

L+
IM

))

Ko
m

bin
as

iI
II

:M
u

=
n

(D
C

+
DW

+1
,3

(L
L+

IM
))

K
om

bi
na

si
IV

:M
u

=
r|

(0
,7

5
(L

L+
IM

))

0
.4

9
4

0
.4

8
7

0
.4

7
1

0
.4

6
5

0
.4

6
0

0
.4

5
6

0
.4

5
3

0
.4

5
1

0
.4

4
9

0
.4

4
9

4
9

7
5

.1
4

6
4

4
7

5
,0

0
4

-6
9

3
.1

9
3

-2
3

4
2

.6
5

6
5

4
0

3
.7

0
3

4
8

6
1

,1
1

5
3

7
8

8
.8

3
1

6
3

.0
6

0
5

3
6

2
.8

1
3

4
8

2
7

.5
9

5
6

7
9

7
.0

2
2

3
6

3
3

.3
1

1
5

4
1

2
.1

5
2

4
8

6
7

.4
5

9
9

2
6

1
.8

4
2

5
6

2
7

.7
7

5
5

2
5

2
.5

8
4

4
7

1
8

.2
9

7
1

0
6

8
5

.9
7

9
6

8
4

7
.3

1
4

4
7

9
0

.2
6

6
4

2
9

9
.1

9
3

1
0

9
1

3
.4

1
6

7
1

9
8

.0
8

4
4

0
4

1
.2

3
5

3
6

2
4

.2
2

4
9

9
7

0
.8

1
8

6
6

9
6

.1
2

5
3

0
2

1
.8

4
3

2
7

0
7

.5
3

3
7

8
8

5
.3

6
7

5
3

5
7

.7
8

8
1

6
9

1
.5

6
9

1
5

1
4

.0
4

7
4

5
8

9
.6

9
9

3
1

4
2

.5
5

0
0

.0
0

0
0

.0
0

0
0

.0
0

0
0

.0
0

0

-8
5

0
.1

1
2

3
3

5
6

.2
5

3

2
7

8
4

.1
7

3
6

4
5

.8
3

6

5
2

4
2

.1
5

5
3

6
2

0
.6

9
6

7
2

5
1

.4
2

0
3

6
5

0
.5

9
5

8
4

2
3

.0
8

9
3

5
3

8
.7

2
2

8
6

3
5

.1
6

4
3

2
2

4
.3

9
5

7
9

0
8

.4
9

6
2

7
1

8
.1

6
8

6
2

6
4

.3
4

1
2

0
3

0
.6

5
0

3
6

5
0

.0
2

1
1

1
3

5
.5

3
5

0
.0

0
0

0
.0

0
0

3
3

5
6

.2
5

3

3
6

4
5

.8
3

6

6
7

9
7

.0
2

2

9
2

6
1

.8
4

2

1
0

6
8

5
.9

7
9

1
0

9
1

3
.4

1
6

9
9

7
0

.8
1

8

7
8

8
5

.3
6

7

4
5

8
9

.6
9

9

0
.0

0
0 c

o



B
en

ta
ng

L
o

k
a
si

D
C 0

.0
0

0

1
2

2
1

.8
2

4

1
9

6
7

.0
2

3

2
2

3
5

.5
9

7

2
0

2
7

.5
4

6

1
3

4
2

.8
7

0

1
8

1
.5

6
9

1
4

5
6

.3
5

7

-3
5

7
0

.9
0

8

-6
1

6
2

.0
8

4

-9
2

2
9

.8
8

6

-1
2

7
7

4
.3

1
0

13
1

6
7

9
5

.3
6

0

1
4

-2
1

2
9

3
.0

4
0

-2
6

2
6

7
.3

4
0

-2
6

2
6

7
.3

4
0

1
9

8
3

2
.9

0
0

1
3

8
7

5
.0

9
0

-8
3

9
3

.9
0

2

-3
3

8
9

.3
3

9

TA
BE

L
5.1

8
M

OM
EN

TE
RF

AK
TO

R
AK

IB
AT

BE
BA

N
HI

DU
P

M
AX

NE
GA

TI
F

PA
D

A
G

E
L

A
G

A
R

IN
T

E
R

IO
R

(B
ER

A
T

SE
N

D
IR

IG
EL

A
G

A
R

W
-c

l.p
ir=

10
,37

8
kN

/m
)

M
om

en
(k

N
m

)
D

W 0
.0

0
0

2
2

9
.1

5
7

3
6

8
.9

2
1

4
1

9
.2

9
3

3
8

0
.2

7
3

2
5

1
.8

5
9

3
4

.0
5

4

-2
7

3
.1

4
4

-6
6

9
.7

3
5

1
1

5
5

.7
1

8

-1
7

3
1

.0
9

4

-2
3

9
5

.8
6

2

-3
1

5
0

.0
2

2

-3
9

9
3

.5
7

5

-4
9

2
6

.5
2

-4
9

2
6

.5
2

-3
7

1
9

.7
2

2

-2
6

0
2

.3
1

6

-1
57

47
30

2
-6

3
5

.6
8

1

T
ru

c
k

/t
a
n

d
e
m

m
ax

n
eg

at
if

0
.0

0
0

-6
3

8
.1

0

-1
2

7
6

.2
0

2

1
9

1
4

.3
0

3

-2
5

5
2

.4
0

4

-3
1

9
0

.5
0

6

-3
8

2
8

.6
0

7

-4
4

6
6

.7
0

8

-5
1

0
4

.8
0

9

-5
7

4
2

.9
1

0

-6
3

8
1

.0
1

1

-7
0

1
9

.1
1

2

-7
6

5
7

.2
1

3

-8
2

9
5

.3
1

4

-8
9

3
3

.4
1

5

-8
9

3
3

.4
1

5

-6
9

0
7

.9
6

1

-5
0

5
5

.6
5

1

-3
4

1
1

.9
3

0

-2
2

9
7

.0
3

9

la
n

e
M

g
m

m
ax

n
eg

at
if

0
.0

0
0

0
.4

4
9

-4
8

7
.4

3
3

0
.4

4
9

-9
7

4
.8

6
6

0
.4

5
:

1
4

6
2

.3
0

0
0

.4
5

3

-1
9

4
9

.7
3

2
0

.4
5

6

-2
4

3
7

.1
6

5
0

.4
6

0

-2
9

2
4

.5
9

9
0

.4
6

5

-3
4

1
2

.0
3

0
.4

7
:

-3
8

9
9

.4
6

5
0

.4
8

7

-4
3

8
6

.8
9

8
0

.4
9

4

-4
8

7
4

.3
3

0
.5

0
1

-5
3

6
1

.7
6

4
0

.5
0

8

-5
8

6
1

.8
6

3
0

.5
2

-6
7

4
5

.7
4

0
0

.5
2

9

-8
0

9
7

.6
6

0
0

.5
3

7

-8
0

9
7

.6
6

0
0

.5
3

1

-6
2

0
1

.8
5

2
0

.5
2

7

-4
5

5
7

.3
3

7
0

.5
2

4

-3
1

9
3

.0
4

8
0

.5
2

0

-2
1

3
6

.2
1

9
0

.5
1

7

M
ix

+
im

(a
ll

o
th

er
)

0
.0

0
0

-5
9

9
.9

1
2

-1
2

0
3

.8
3

3

-1
8

1
5

.3
6

9

-2
4

3
7

.5
9

4

-3
0

7
4

.3
8

4

-3
7

2
7

.7
4

1

-4
4

0
0

.4
7

0

-5
2

0
7

.6
1

3

-5
9

3
5

.5
2

4

-6
6

8
7

.2
1

8

-7
4

6
1

.7
6

0

-8
3

5
9

.9
4

3

-9
4

0
4

,8
3

1
0

7
3

0
.7

7
6

-1
0

6
1

4
.8

9
7

-8
1

1
6

.3
9

-5
9

0
6

.9
1

6

-4
0

2
0

.8
4

9

-2
6

8
2

.8
5

4

M
..L

H
M

(f
at

ig
ue

)

0
.0

0
0

-5
4

8
.3

4

-1
1

0
0

.3
4

5

1
6

5
9

.3
1

2

-2
2

2
8

.0
4

7

-2
8

1
0

.0
9

5

-3
4

0
7

.2
8

6

-4
0

2
2

.1
8

5

-4
7

5
9

.9
4

2

-5
4

2
5

.2
7

8

-6
1

1
2

.3
5

3

-6
8

2
0

.3
;

-7
6

4
1

.8
5

0

-8
6

1
4

.9
5

1

-9
8

6
7

.

-9
7

6
0

.5
5

9

-7
4

6
0

.6
0

4

-5
4

3
0

.4
3

1

-3
7

0
1

.4
3

1

-2
4

6
9

.1
7

4

S
tr

en
gt

h

0
.0

0
0

7
8

0
.1

8
6

0
.1

8

2
3

4
.2

1
2

-1
1

0
2

.9
0

1

-3
1

5
7

.6
0

5

-5
9

3
3

.2
2

9

-9
4

3
4

.4
3

6

-1
3

8
5

2
.4

8
2

1
8

8
3

2
.1

8
2

-2
4

5
4

4
.7

9
9

-3
0

9
8

8
.7

7
2

-3
8

3
3

1
.6

7
7

-4
6

6
1

1
.8

6
0

-5
6

0
5

2
.6

7
3

-5
5

8
6

0
.0

2
5

-4
2

3
4

5
.6

7
2

-3
0

0
0

5
.2

1
8

-1
8

8
9

5
.8

0
0

-9
3

9
0

.9
3

0

K
o

m
b

in
a
si

M
u

II

S
e
rv

ic
e

1

0
.0

0
0

8
5

1
.0

6
9

1
1

3
2

.1
1

2

8
3

9
.5

2
1

-2
9

.7
7

6

-1
4

7
9

.6
5

4

-3
5

1
2

.1
1

8

-6
1

2
9

.9
7

1

-9
4

4
8

.2
5

6

1
3

2
5

3
.3

2
6

1
7

6
4

8
.1

9
8

-2
2

6
3

1
.9

3
2

-2
8

3
0

5
.3

2
5

-3
4

6
9

1
.4

4
6

-4
1

9
2

4
.6

3
7

-4
1

8
0

8
.7

5
8

-3
1

6
6

9
.0

1
3

-2
2

3
8

4
.3

2
2

-1
3

9
8

9
.0

5
3

-6
7

0
7

.8
7

4

II
I

S
e
rv

ic
e

2

0
.0

0
0

6
7

1
.0

9
5

7
7

0
.9

6
2

2
9

4
.9

1
0

-7
6

1
.0

5
4

-2
4

0
1

.9
6

9

-4
6

3
0

.4
4

0

-7
4

5
0

.

1
0

1
0

.5
4

0

1
5

0
3

3
.9

8
4

1
9

6
5

4
.3

6
4

-2
4

8
7

0
.4

6
0

-3
0

8
1

3
.3

0
8

-3
7

5
1

2
.8

9
5

-4
5

1
4

3
.8

6
9

-4
4

9
9

3
.2

2
7

-3
4

1
0

3
.9

3
0

-2
4

1
5

6
.3

9
7

1
5

1
9

5
.3

0
7

-7
5

1
2

.7
3

0

IV

F
at

ig
u

e

0
.0

0
0

-4
1

1
.2

5
6

-8
2

5
.2

5
9

1
2

4
4

.4
8

4

-1
6

7
1

.0
3

5

-2
1

0
7

.5
7

1

-2
5

5
5

.4
6

5

-3
0

1
6

.6
3

8

-3
5

6
9

.9
5

6

-4
0

6
8

.9
5

9

-4
5

8
4

.2
6

5

-5
1

1
5

.2
3

3

-5
7

3
1

.3
8

7

-6
4

6
1

.2
1

3

-7
4

0
0

.3
3

3

-7
3

2
0

.4
1

9

-5
5

9
5

.4
5

3

-4
0

7
2

.8
2

4

-2
7

7
6

.0
7

3

1
8

5
1

.8
8

1

M
n

(k
N

m
)

0
.0

0
0

8
5

1
.0

6
9

1
1

3
2

.1
1

2

-1
2

4
4

.4
8

4

-1
6

7
1

.0
3

5

-3
1

5
7

.6
0

5

-5
9

3
3

.2
2

9

-9
4

3
4

.4
3

6

-1
3

8
5

2
.4

8
2

-1
8

8
3

2
.1

8
2

-2
4

5
4

4
.7

9
9

-3
0

9
8

8
.7

7
2

-3
8

3
3

1
.6

7
7

-4
6

6
1

1
.8

6
0

-5
6

0
5

2
.6

7
3

-5
5

8
6

0
.0

2
5

-4
2

3
4

5
.6

7
2

-3
0

0
0

5
.2

1
8

-1
8

8
9

5
.8

0
0

-9
3

9
0

.9
3

0



_
_

_
_

_

2
1

2
2

2
3

2
4

2
5

2
6

2
7

2
8

_2
9

73
0*

3
1

3
2

3
3

3
4

3
5

3
6

3
7

3
8

3
9

T
o
~

4
1

4
2

4
3

4
3

4
4

4
5

4
6

4
7

1
1
3
8
.
5
9
8

5
1
8
9
.
9
1
1

8
7
6
4
.
5
9
8

1
8
6
2
.
6
6
0

1
4
4
8
4
.
1
0
0

1
6
6
2
8
.
9
1
0

1
8
2
9
7
.
1
0
0

1
9
4
8
8
.
6
6
0

2
0
2
0
3
.
6
0
0

2
0
4
4
1
.
9
1
0

2
0
2
0
3
.
6
0
0

1
9
4
8
8
.
6
6
0

1
8
2
9
7
.
1
0
0

1
6
6
2
8
.
9
1
0

1
4
4
8
4
.
1
0
0

1
1
8
6
2
.
6
6
0

8
7
6
4
.
5
9
8

5
1
8
9
.
9
1

1
3
8
.
5
9
8

-
3
3
8
9
.
3
3
9

-
8
3
9
3
.
9
0
2

-
1
3
8
7
5
.
0
9
0

1
9
8
3
2
.
9
0
0

-
2
6
2
6
7
.
3
4
0

2
1
3
.
5
4
8

9
7
3
.
3
8
4

1
6
4
3
.
8
2
8

2
2
2
4
.
8
7
9

2
7
1
6
.
5
3
8

3
1
1
8
.
8
0
4

3
4
3
1
.
6
7
8

3
6
5
5
.
1
5
9

3
7
8
9
.
2
4
8

3
8
3
3
.
9
4
4

3
7
8
9
.
2
4
8

3
6
5
5
.
1
5
9

3
4
3
1
.
6
7
8

3
1
1
8
.
8
0
4

2
7
1
6
.
5
3
8

2
2
2
4
.
8
7
9

1
6
4
3
.
8
2
8

9
7
3
.
3
8
4

2
1
3
.
5
4
8

-
6
3
5
.
6
8

1
5
7
4
.
3
0
2

-
2
6
0
2
.
3
1
6

-
3
7
1
9
.
7
2
2

-
4
9
2
6
.
5
2
1

-
2
6
2
6
7
.
3
4
0

-
4
9
2
6
.
5
2
1

-
2
1
2
9
3
.
0
4
0

77
67
95
73
60

1
2
7
7
4
.
3
1
0

-
9
2
2
9
:
8
8
6

-
3
9
9
3
.
5
7
5

-
3
1
5
0
.
0
2
2

-
2
3
9
5
.
8
6
2

-
1
7
3
1
.
0
9
4

-
2
1
6
1
.
9
8
5

-
2
0
2
6
.
9
3
2

-
1
8
9
1
.
8
7
8

1
7
5
6
.
8
2
4

-
1
6
2
1
.
7
7
1

1
4
8
6
.
7
1
7

-
1
3
5
1
.
6
6
4

-
1
2
1
6
.
6
1
0

1
0
8
1
.
5
5
7

-
9
4
6
.
5
0
3

1
0
8
1
.
5
5
7

1
2
1
6
.
6
1
0

-
1
3
5
1
.
6
6
4

-
1
4
8
6
.
7
1
7

-
1
6
2
1
.
7
7
1

-
1
7
5
6
.
8
2
4

-
1
8
9
1
.
8
7
8

-
2
0
2
6
.
9
3
2

-
2
1
6
1
.
9
8
5

-
2
2
9
7
.
0
3
9

-
3
4
1
1
.
9
3
0

-
5
0
5
5
.
6
5
1

-
6
9
0
7
.
9
6
1

-
8
9
3
3
.
4
1
5

-
8
9
3
3
.
4
1
5

-
8
2
9
5
.
3
1
4

-
7
6
5
7
.
2
1
3

-
7
0
1
9
.
1
1
2

-
6
3
8
1
.
0
1
1

-
1
4
0
5
.
2
0
8

0
.
5
1
4

-
9
9
5
.
3
4
2

0
.
5
1

-
8
4
9
.
4
5
7

0
.
5
0
8

-
8
4
9
.
7
0
1

0
.
5
0
6

-
8
4
9
.
7
0
2

0
.
5
0
4

-
8
4
9
.
7
4
0

0
.
5
0
3

-
8
4
9
.
7
4
0

0
.
5
0
2

-
8
4
9
.
7
4
0

-
8
4
9
.
7
4
0

-
8
4
9
.
7
4
0

-
8
4
9
,
7
4
0

-
8
4
9
.
7
4
0

-
8
4
9
.
7
4
0

-
8
4
9
.
7
4
0

-
8
4
9
.
7
0
2

-
8
4
9
.
7
2
1

-
8
4
9
.
4
5
7

-
9
9
5
.
3
4
2

-
M
0
5
.
2
0
8

-2
13
6.
27
9

-
3
1
9
3
.
0
4
8

-
4
5
5
7
.
3
3
7

-
6
2
0
1
.
8
5
2

-
8
0
9
7
.
6
6
0

-
8
0
9
7
.
6
6
0

-
6
7
4
5
.
7
4
0

-
5
8
6
1
.
8
6
3

-
5
3
6
1
,
7
6
4

-
4
8
7
4
.
3
3
1

0
.
5
0
1

0
.
5
0
0

0
.
5
0
0

0
.
5
0
0

0
.
5
0
1

0
.
5
0
2

0
.
5
0
3

0
.
5
0
4

0
.
5
0
6

0
.
5
0
8

0
.
5
1

0
.
5
1
4

l)
.5
ll

0
.
5
2
0

0
.
5
2
4

0
.
5
2
7

0
.
5
3

0
.
5
3
7

0
.
5
2
9

0
.
5
2
1

0
.
5
0
8

0
.
5
0
1

-
2
1
9
8
.
9
6
9

-
1
8
8
5
.
8
1
4

1
7
1
1
.
0
9
9

-
1
6
1
2
.
8
9
3

1
5
1
6
2
5
7

1
4
2
1
.
1
7
0

-
1
3
2
7
.
6
9
8

-
1
2
3
5
.
3
9
6

-
1
1
4
4
.
1
0
5

-
1
0
5
4
.
0
8
4

-
1
1
4
4
.
1
0
5

1
2
3
5
.
3
9
6

1
3
2
7
.
6
9
8

-
1
4
2
1
.
1
7
0

-
1
5
1
6
.
2
5
7

-
1
6
1
2
.
9
0
4

-
1
7
1
1
.
0
9
9

.
5
.
8
1
4

-
2
1
9
8
.
9
6
9

-
2
6
8
2
.
8
5
4

-
4
0
2
0
.
8
4
9

-
5
9
0
6
.
9
1
6

-
8
1
1
6
.
3
9
1

1
0
6
1
4
.
8
9
7

-
1
0
7
3
0
.
7
7
6

-
9
4
0
4
.
8
3

-
8
3
5
9
.
9
4
3

-
7
4
6
1
.
7
6
0

-
6
6
8
7
.
2
1

1
9
9
9
.
0
5
9

1
6
9
9
.
4
1
4

-
1
5
3
7
.
9
6
9

1
4
5
2
.
8
1
9

-
1
3
6
9
.
0
4
3

1
2
8
6
.
6
4
3

-
1
2
0
5
.
6
8
3

-
1
1
2
5
.
7
7
0

-
1
0
4
6
.
7
6
5

-
9
6
8
.
9
1
5

-
1
0
4
6
.
7
6
5

1
2
5
.
7
7
0

1
2
0
5
.
6
8
3

-
1
2
8
6
.
6
4
3

-
1
3
6
9
.
0
4
3

^7
75
27
82
9

1
5
3
7
.
9
6
9

-
1
6
9
9
.
4
1
4

-
1
9
9
9
,
0
5
9

-2
46
9.
17
4

-
3
7
0
1
.
4
3

-
5
4
3
0
.
4
3
i

-
7
4
6
0
.
6
0
4

-
9
7
6
0
.
5
5
9

-
9
8
6
7
.
1
1
1

-
8
6
1
4
.
9
5

-
7
6
4
1
.
8
5
0

-
6
8
2
0
.
3
1

-
6
1
1
2
.
3
5
3

1
9
9
9
.
3
9
5

4
4
1
4
.
9
2
5

9
9
0
5
.
7
1
3

1
4
5
7
5
.
9
2
6

1
8
5
5
0
.
1
5
8

2
1
8
2
8
.
4
3

2
4
4
1
0
.
6
5
0

2
6
2
9
7
.
5
3
9

2
7
4
8
9
.
3
7
8

2
7
9
8
5
.
7
2
4

2
7
4
8
9
.
3
7
8

2
6
2
9
7
.
5
3
9

2
4
4
1
0
.
6
5
0

2
1
8
2
8
.
4
3
1

1
8
5
5
0
.
1
5
8

1
4
5
7
5
.
9
0
9

9
9
0
5
.
7
1
3

4
4
1
4
.
9
2
5

1
9
9
9
.
3
9
5

-
9
3
9
0
.
9
3
0

-
1
8
8
9
5
.
8
0
0

-
3
0
0
0
5
.
2
1
8

-
4
2
3
4
5
.
6
7
2

-
5
5
8
6
0
.
0
2
5

-
5
6
0
5
2
.
6
7
3

-
4
6
6
1
1
.
8
6
0

-
3
8
3
3
1
.
6
7
7

-
3
0
9
8
8
.
7
7
2

-
2
4
5
4
4
.
7
9
9

-
8
4
6
.
8
2
3

4
2
7
7
.
4
8
0

8
6
9
7
.
3
2
7

1
2
4
7
4
.
6
4
6

1
5
6
8
4
.
3
8
1

1
8
3
2
6
.
5
4
4

_2
0_
_i
__
°

21
90
8.
42
J

2
2
8
4
8
.
7
4
3

2
3
2
2
1
.
7
7
0

2
2
8
4
8
.
7
4
3

2
1
9
0
8
.
4
2
3

2
0
4
0
1
.
0
8
0

1
8
3
2
6
.
5
4
4

1
5
6
8
4
.
3
8
1

1
2
4
7
4
.
6
3
5

8
6
9
7
.
3
2
7

4
2
7
7
.
4
8
0

-
8
4
6
.
8
2
3

-6
70
77
77
4

-
1
3
9
8
9
.
0
5
3

-
2
2
3
8
4
.
3
2
2

-
3
1
6
6
9
.
0
1
3

-
4
1
8
0
8
.
7
5
8

-
4
1
9
2
4
.
6
3
7

-
3
4
6
9
1
.
4
4
6

-
2
8
3
0
5
.
3
2
5

1
5
0
6
.
5
1
4

3
7
1
1
.
7
3
6

8
1
8
3
.
9
9
7

1
1
9
9
0
.
7
7
8

1
5
2
2
9
.
5
0
3

1
7
9
0
0
.
1
9
3

2
0
0
0
2
.
7
7
1

2
1
5
3
7
.
8
0
4

2
2
5
0
5
.
5
1

2
2
9
0
5
.
5
4
5

2
2
5
0
5
.
5
1

2
1
5
3
7
.
8
0
4

2
0
0
0
2
.
7
7
1

1
7
9
0
0
.
1
9
3

1
5
2
2
9
.
5
0
3

1
1
9
9
0
.
7
6
4

8
1
8
3
.
9
9
7

3
7
1
1
.
7
3
6

1
5
0
6
.
5
1
4

-
7
5
1
2
.
7
3
0

1
5
1
9
5
.
3
0
7

-
2
4
1
5
6
.
3
9
7

-
3
4
1
0
3
.
9
3
0

-
4
4
9
9
3
.
2
2
7

-
4
5
1
4
3
.
8
6
9

-
3
7
5
1
2
.
8
9
5

-
3
0
8
1
3
.
3
0
8

-
2
2
6
3
1
.
9
3
2

-
2
4
8
7
0
.
4
6
0

-
1
7
6
4
8
.
1
9
8

1
9
6
5
4
.
3
6
4

-
1
4
9
9
.
2
9
4

1
2
7
4
.
5
6
0

-
1
1
5
3
.
4
7
7

-
1
0
8
9
.
6
1
4

-
1
0
2
6
.
7
8
2

-
9
6
4
.
9
8
2

-
9
0
4
.
2
6
2

-
8
4
4
.
3
2
8

-
7
8
5
.
0
7
4

-
7
2
6
.
6
8
7

-
7
8
5
.
0
7
4

-
8
4
4
.
3
2
8

-
9
0
4
.
2
6
2

-
9
6
4
.
9
8
2

1
0
2
6
.
7
8
2

-
1
0
8
9
.
6
2
2

-
1
1
5
3
.
4
7
7

1
2
7
4
.
5
6
0

-
1
4
9
9
.
2
9
4

-
1
8
5
1
.
8
8

-
2
7
7
6
.
0
7
3

-
4
0
7
2
.
8
2
4

1
9
9
9
.
3
9
5

4
4
1
4
.
9
2
5

9
9
0
5
.
7
1
3

1
4
5
7
5
.
9
2
6

1
8
5
5
0
.
1
5
8

2
1
8
2
8
.
4
3
1

2
4
4
1
0
.
6
5
0

7-
67
7)
77
53
9

2
7
4
8
9
.
3
7
8

2
7
9
8
5
.
7
2
4

2
7
4
8
9
.
3
7
8

2
6
2
9
7
.
5
3
9

2
4
4
1
0
.
6
5
0

2
1
8
2
8
.
4
3
:

1
8
5
5
0
.
1
5
8

1
4
5
7
5
.
9
0
9

9
9
0
5
.
7
1
3

4
4
1
4
.
9
2
5

1
9
9
9
.
3
9
5

-
9
3
9
0
.
9
3
0

1
8
8
9
5
.
8
0
0

-
3
0
0
0
5
.
2
1
8

-
5
5
9
5
.
4
5
3

-
4
2
3
4
5
.
6
7
2

-
7
3
2
0
.
4
1
9

-
5
5
8
6
0
.
0
2
5

-
7
4
0
0
.
3
3
3

-
5
6
0
5
2
.
6
7
3

-
6
4
6
1
.
2
1
3

-
4
6
6
1
1
.
8
6
0

-
5
7
3
1
.
3
8
7

-
3
8
3
3
1
.
6
7
7

-
5
1
1
5
.
2
3
3

-
3
0
9
8
8
.
7
7
2

-
4
5
8
4
.
2
6
5

-
2
4
5
4
4
.
7
9
9

o



4
8

4
9

5
0

5
1

_
_

_
_

_

5
3

5
4

5
5

5
6

5
7

-6
1

6
2

.0
8

4

-3
5

7
0

.9
0

8

1
4

5
6

.3
5

7

1
8

1
.5

6
9

1
3

4
2

.8
7

0

2
0

2
7

.5
4

6

2
2

3
5

.5
9

7

1
9

6
7

.0
2

3

1
2

2
1

.8
2

4

0
.0

0
0

1
5

5
.7

1
8

-6
6

9
.7

3
5

-2
7

3
.1

4
4

3
4

.0
5

4

2
5

1
.8

5
9

3
8

0
.2

7
3

4
1

9
.2

9
3

3
6

8
.9

2
1

2
2

9
.1

5
7

0
.0

0
0

-5
7

4
2

.9
1

0
-4

3
8

6
.8

9
8

-5
1

0
4

.8
0

9
-3

8
9

9
.4

6
5

-4
4

6
6

.7
0

8
-3

4
1

2
.0

3
1

-3
8

2
8

.6
0

7
-2

9
2

4
.5

9
9

-3
1

9
0

.5
0

6
-2

4
3

7
.1

6
5

-2
5

5
2

.4
0

4
-1

9
4

9
.7

3
2

-1
9

1
4

.3
0

3
-1

4
6

2
.3

0
0

1
2

7
6

.2
0

2
-9

7
4

.8
6

6

-6
3

8
.1

0
1

-4
8

7
.4

3
3

0
.0

0
0

0
.0

0
0

C
a
ta

ta
n

:

Ko
mb

ina
si

I
:M

u
=

rj
(1,

25
DC

+
1,5

DW
+1

,75
(L

L+
IM

))

Ko
m

bin
as

iI
I

:M
u

=
r\

(D
C

+
DW

+
(L

L+
IM

))

Ko
m

bin
as

iI
II

:M
u

=
n

(D
C

+
DW

+1
,3

(L
L+

IM
))

K
om

bi
na

si
IV

:M
i=

n
(0

,7
5

(L
L+

IM
))

0
.4

9
4

-5
9

3
5

.5
2

4

0
.4

8
7

-5
2

0
7

.6
1

3

0
.4

7
-4

4
0

0
.4

7
0

0
.4

6
5

-3
7

2
7

.7
4

1

0
.4

6
0

-3
0

7
4

.3
8

4

0
.4

5
6

-2
4

3
7

,5
9

4

0
.4

5
3

1
8

1
5

,3
6

9

0
.4

5
;

-1
2

0
3

.8
3

3

0
.4

4
9

-5
9

9
.9

1
2

0
.4

4
9

0
.0

0
0

-5
4

2
5

.2
7

8
1

8
8

3
2

.1
8

2
1

3
2

5
3

.3
2

6

-4
7

5
9

.9
4

2
1

3
8

5
2

.4
8

2
-9

4
4

8
.2

5
6

-4
0

2
2

.1
8

5
-9

4
3

4
.4

3
6

-6
1

2
9

.9
7

-3
4

0
7

.2
8

6
-5

9
3

3
.2

2
9

-3
5

1
2

.1
1

8

-2
8

1
0

.0
9

5
-3

1
5

7
.6

0
5

-1
4

7
9

.6
5

4

-2
2

2
8

.0
4

7
-1

1
0

2
.9

0
:

-2
9

.7
7

6

-1
6

5
9

.3
1

2
2

3
4

.2
1

2
8

3
9

.5
2

1

1
1

0
0

.3
4

5
8

6
0

.1
8

1
1

1
3

2
.1

1
2

-5
4

8
.3

4
1

7
8

0
.1

:
8

5
1

.0
6

9

0
.0

0
0

0
.0

0
0

0
.0

0
0

-1
5

0
3

3
.9

8
4

1
0

1
0

.5
4

0

-7
4

5
0

.1
1

2

-4
6

3
0

.4
4

0

-2
4

0
1

.9
6

9

-7
6

1
.0

5
4

2
9

4
.9

1
0

7
7

0
.9

6
2

6
7

1
.0

9
5

0
.0

0
0

-4
0

6
8

.9
5

9

-3
5

6
9

.9
5

6

-3
0

1
6

.6
3

8

-2
5

5
5

.4
6

5

-2
1

0
7

.5
7

:

1
6

7
1

.0
3

5

1
2

4
4

.4
8

4

-8
2

5
.2

5
9

-4
1

1
.2

5
6

0
.0

0
0

-1
8

8
3

2
.1

8
2

-1
3

8
5

2
.4

8
2

-9
4

3
4

.4
3

6

-5
9

3
3

.2
2

9

-3
1

5
7

.6
0

5

-1
6

7
1

.0
3

5

-1
2

4
4

.4
8

4

1
1

3
2

.1
1

2

8
5

1
.0

6
9

0
.0

0
0



B
en

ta
ng

L
o

k
a

s
i

_
_

_
_

_

1
3

D
C

-2
9

2
.0

2
7

-1
96

77
02

"
-1

0
1

.3
7

7

-6
.0

5
2

8
9

.2
7

3

18
4.

59
8'

2
7

9
.9

2
3

3
7

5
.2

4
8

4
7

0
.5

7
3

5
6

5
.8

9
8

6
6

1
.2

2
3

7
5

6
.5

4
8

8
5

1
.8

7
3

9
4

7
.1

9
8

1
0

4
2

.5
2

3

-1
3

3
4

.5
5

0

-1
2

3
9

.2
2

5

1
4

3
.9

0
0

-1
0

4
8

.5
7

5

-9
5

3
.2

5
0

TA
BE

L
5.1

9
GA

YA
GE

SE
R

TE
RF

AK
TO

R
AK

IB
AT

BE
BA

N
HI

DU
P

M
AX

PO
SI

TI
F

PA
D

A
G

E
L

A
G

A
R

IN
T

E
R

IO
R

(B
ER

AT
SE

ND
IR

I
G

EL
AG

AR
W

B
lW

=
10

,37
8

kN
/m

)

G
ay

a
ge

se
r(

kN
)

D
W

-5
4

.7
7

1

-3
67

89
2

1
9

.0
1

4

1
3

5

1
6

.7
4

3

3
4

.6
2

2

5
2

.5
0

0

7
0

.3
7

9

8
8

.2
5

7

1
0

6
.1

3
6

1
2

4
.0

1
4

1
4

1
.8

9
3

1
5

9
.7

7
1

1
7

7
.6

5
0

1
9

5
.5

2
8

-2
5

0
.2

9
9

-2
3

2
.4

2
1

-2
1

4
.5

4
2

1
9

6
.6

6
4

-1
7

8
.7

8
5

T
ru

c
k
/t

a
n

d
e
m

m
a

x
p

o
si

ti
f

[2
7.

62
0

12
77

20
1

2
7

.6
2

0

1
2

7
.6

2
0

1
2

7
.6

2
0

1
2

7
.6

2
0

1
6

6
.8

6
7

2
1

8
.1

7
3

2
6

9
.7

0
0

3
1

9
.8

7
7

3
6

8
.4

3
9

4
1

5
.1

1
8

4
5

9
.6

4
9

5
0

1
.7

6
6

5
4

1
.2

0
1

2
7

.0
1

1

2
7

.0
1

2
7

.0
1

1

2
7

.0
1

2
7

.0
1

la
n

e

m
a

x
p

o
si

ti
f

9
7

.4
8

7

9
8

6
6

9

1
0

2
.2

0
9

1
0

8
.0

9

1
1

6
.2

8
6

1
2

6
.7

5
3

1
3

9
.4

4
2

1
5

4
.2

8
9

1
7

1
.2

2
1

1
9

0
.1

5
1

2
1

0
.9

8
2

2
3

3
.6

0
7

2
5

7
.9

0
4

2
8

3
.7

4
3

3
1

0
.9

8
1

1
2

.1
2

5

1
2

.4
0

0

1
3

.2
7

6

1
7

.2
0

3

M
g

v

0
.6

7

O
.b

f.
0

.6
7

0
.6

7
1

0
.6

7
1

0
.6

7
1

0
.6

7
:

0
.6

7

0
.6

7
:

0
.6

7

0
.6

7
;

0
.6

7
1

0
.6

7
1

0
.6

7
1

0
.6

7

0
.6

7
1

0
.6

7

0
.6

7
1

0
.6

7
1

0
.6

7
1

Y
ix

+I
M

(a
ll

ot
he

r)
1

7
9

.3
0

6

1
8

0
.0

9
9

1
8

2
.4

7
4

1
8

6
.4

2
1

1
9

1
,9

2
0

1
9

8
.9

4
3

2
4

2
.4

8
3

2
9

8
.2

3
2

3
5

5
.5

7
8

4
1

3
.0

5
9

4
7

0
.3

7
5

5
2

7
.2

1
4

5
8

3
.2

5
8

6
3

8
.1

8
3

6
9

1
.6

5
2

3
2

.2
4

3
2

.4
2

6

3
3

.0
1

4

3
4

.0
6

8

3
5

.6
4

9

V
ll

+
im

(f
at

ig
ue

)

1
6

.3
,8

9
2

1
6

4
.6

8
5

1
6

7
.0

6
0

1
7

1
.0

0
7

1
7

6
.5

0
6

1
8

3
.5

2
9

2
2

2
.3

2
9

2
7

1

3
2

3
.0

0
3

3
7

4
.4

2
4

4
2

5
.8

7
5

4
7

7
.0

7
6

5
2

7
.7

4
2

5
7

7
.5

7
9

6
2

6
.2

8
6

2
8

.9
7

9

2
9

.1
6

3

2
9

.7
5

1

3
0

.8
0

6

3
2

.3
8

6

S
tr

en
g

th

-[
26

.7
35

77
75

9
1

5
5

.8
8

3

3
0

1
.1

2
0

4
4

8
.9

3
7

5
9

9
.2

8
9

5
1

0
.3

4
9

1
0

4
1

.7
0

7

1
2

7
5

.7
2

0

1
5

0
9

.9
5

8

1
7

4
3

.9
2

1

1
9

7
7

.0
9

1

2
2

0
8

.9
4

0

2
4

3
8

.9
2

7

2
6

6
6

.4
9

6

1
8

8
7

.8
5

3

-1
7

4
8

.8
7

-1
6

0
9

.2
1

8

1
4

6
8

.7
9

0

-1
3

2
7

.4
8

7

K
o

m
b

in
a

si
V

u

II

S
e
rv

ic
e

1

1
6

7
.4

9
2

-5
3

.4
9

6

6
2

.0
8

3

1
7

9
.2

3
4

2
9

7
.9

3
6

4
1

8
.1

6
3

5
7

4
.9

0
6

7
4

3
.8

5
9

9
1

4
.4

0
8

1
0

8
5

.0
9

3

1
2

5
5

.6
1

2

1
4

2
5

.6
5

5

1
5

9
4

.9
0

2

1
7

6
3

.0
3

0

1
9

2
9

.7
0

4

1
5

5
2

.6
0

8

1
4

3
9

.2
2

0

1
3

2
5

.4
2

8

-1
2

1
1

7
0

1
0

9
6

.3
8

6

II
I

S
e
rv

ic
e

2

-I
1

3
.7

0
1

0
.5

3
4

1
6

.8
2

5

2
3

5
.1

6
0

3
5

5
.5

1
2

4
7

7
.8

4
6

6
4

7
.6

5
:

8
3

3
.3

2
8

1
0

2
1

.0
8

1

1
2

0
9

.0
1

0

1
3

9
6

.7
2

5

1
5

8
3

.8
1

9

1
7

6
9

.8
8

0

1
9

5
4

.4
8

5

2
1

3
7

.1
9

9

1
5

4
2

.9
3

5

1
4

2
9

.4
9

2

1
3

1
5

.5
2

4

-1
2

0
0

.9
5

0

1
0

8
5

.6
9

2

IV

F
at

ig
ue

1
2

2
.9

1
9

1
2

3
.5

1
4

1
2

5
.2

9
5

1
2

8
.2

5
5

1
3

2
.3

7
9

1
3

7
.6

4
7

1
6

6
.7

4
6

2
0

3
.9

1
1

2
4

2
.2

5
2

2
8

0
.8

1
8

3
1

9
.4

0
6

3
5

7
.8

0
7

3
9

5
.8

0
6

4
3

3
.1

8
4

4
6

9
.7

1
5

2
1

.7
3

4

2
1

.8
7

3

2
2

.3
1

3

2
3

.1
0

5

2
4

.2
9

0

V
u

(k
N

)

-1
6

7
,4

9
2

1
2

3
.5

1
4

1
5

5
.8

8
3

3
0

1
.1

2
0

4
4

8
.9

3
7

5
9

9
.2

8
9

8
1

0
.3

4
9

1
0

4
1

.7
0

7

1
2

7
5

.7
2

0

1
5

0
9

.9
5

8

1
7

4
3

.9
2

1

1
9

7
7

.0
9

1

2
2

0
8

.9
4

0

2
4

3
8

.9
2

7

2
6

6
6

.4
9

6

1
8

8
7

.8
5

3

-1
7

4
8

.8
7

1

1
6

0
9

.2
1

8

-1
4

6
8

.7
9

0

1
3

2
7

.4
8

7

t
o



2
0

2
2

2
3

2
4

2
5

2
6

2
7

2
8

2
9

3
0

3
1

3
2

3
3

3
4

3
5

__
_7 37
'

3
8

3
9

"7
7

4
2

4
3

4
3

4
4

_
_
_
_
_

4
6

4
7

-
8
5
7
.
9
2
5

1
6
0
.
9
0
7

-"
26
16
00

_-
14
3.
02
8

-6
67
.2
75

"
T
2
5
7
7
5
0

-5
71
.9
50

-1
07
.2
71

-
4
7
6
.
6
2
5

-
8
9
.
3
9
3

-
3
8
1
.
3
0
0

-
7
1
.
5
1
4

-
2
8
5
.
9
7
5
,

-
1
9
0
.
6
5
0

-
9
5
.
3
2
5
:

0
.
0
0
0

9
5
.
3
2
5

1
9
0
.
6
5
0

2
8
5
.
9
7
5

3
8
1
.
3
0
0

4
7
6
.
6
2
5

5
7
1
.
9
5
0

6
6
7
.
2
7
5

7
6
2
.
6
0
0

8
5
7
.
9
2
5

9
5
3
.
2
5
0

1
0
4
8
.
5
7
5

1
4
3
.
9
0
0

1
2
3
9
.
2
2
5

1
3
3
4
.
5
5
0

-
1
0
4
2
.
5
2
3

-9
4

7
.1

9
8

-8
5

1
.8

7
3

-7
5

6
.5

4
8

-6
6

1
.2

2
3

-
5
3
.
6
3
6

-
3
5
.
7
5
7

1
7
.
8
7
9

0
.
0
0
0

1
7
.
8
7
9

3
5
.
7
5
7

5
3
.
6
3
6

7
1
.
5
1
4

8
9
.
3
9
3

1
0
7
.
2
7
1

1
2
5
.
1
5
0

14
.7
77
28

1
6
0
.
9
0
7

1
7

8
.7

8
5

1
9

6
.6

6
4

2
1

4
.5

4
2

2
3

2
.4

2
1

2
5

0
.2

9
9

1
9

5
.5

2
8

1
7

7
.6

5
0

-1
5

9
.7

7
1

£7
77

78
93

-1
2

4
7

7
7

3
7

.6
.3

5

5
2

.6
8

1

7
1

.2
5

5

9
1

.8
3

5

1
3

.9
9

9

1
3

7
.5

7
0

1
6

2
.3

6
9

1
8

8
.2

2
0

2
1

4
.9

4
6

2
4

2
.3

6
8

2
7

0
.3

1
0

2
9

8
.5

9
4

3
2

7
.0

4
3

3
5

5
.4

7
9

3
8

3
.7

2
5

4
1

1
.6

0
4

4
3

8
.9

3
8

17
7.

55
7

4
9

1
.2

6
3

5
1

5
.8

9
9

5
3

9
.2

8
0

5
6

1
.2

3
0

5
8

1
.5

7
0

6
0

0
.1

2
5

1
3

.4
8

9

1
3

.4
8

9

2
2

.9
6

0

_4
0.

79
7

77
77

73

2
0

.4
2

0
.6

7
1

2
4

.5
7

5
0

.6
7

1

""
06

71
2

9
.7

2
9

3
5

.9
4

0
0

.6
7

1

4
3

.2
5

8
0

.6
7

;

5
1

.7
2

5

6
1

.3
7

5

7
2

.2
3

4

8
4

.3
2

2

9
7

.6
5

0

1
2

.2
2

2

1
2

8
.0

3
4

1
4

5
.0

7
5

1
6

3
.3

2
5

1
8

2
.7

5
8

2
0

3
.3

4
0

2
2

5
.0

2
9

24
7.

77
5"

2
7

1
.5

2
1

2
9

6
.2

0
3

32
7.

74
8

3
4

8
.0

7
6

3
7

5
.1

0
0

4
0

2
.7

2
5

6
.0

5
3

6
.7

1
5

T
7

7
6

[2
.3

79
17

.7
77

0
.6

7
1

0
.6

7
1

0
.6

7
1

0
.6

7
1

0
.6

7
1

0
.6

7

0
.6

7
1

0
.6

7
1

0
.6

7
1

0
.6

7

0
.6

7
1

0
.6

7
1

7
6

7
1

0
.6

7
1

0
.6

7
1

0
.6

7
1

0
.6

7
1

0
.6

7

0
.6

7
1

0
.6

7
1

0
.6

7
1

0
.6

7
1

0.
67

7
~0

.6
77

4
7

.2
8

9

6
3

.5
0

4

8
3

.5
3

8

1
0

6
.0

7
2

1
3

0
.7

6
2

1
5

7
.4

7
9

1
8

6
.0

8
6

2
1

6
.4

4
2

2
4

8
.4

0
4

2
8

1
.8

2
0

3
1

6
.5

3
4

3
5

2
.3

8
5

3
8

9
.2

0
8

4
2

6
.8

3
1

4
6

5
.0

7
8

5
0

3
.7

6
9

5
4

2
.7

1
6

58
F.'

72
8'

6
2

0
.6

0
8

6
5

9
.1

5
c,

69
7.

76
3

7
3

4
.4

1
7

7
7

0
.7

0
:

8
0

5
.7

9
8

1
6

.1
0

0

1
6

.5
4

4

2
6

.3
7

9

"4
4.

74
5"

6
5

.5
4

6

4
2

.7
4

4

5
7

.1
4

1

7
4

.9
3

2

9
4

.9
8

0

1
6

.9
9

3

1
4

0
.8

6
3

1
6

6
.4

7
5

1
9

3
.7

0
9

2
2

2
.4

4
3

2
5

2
.5

4
6

2
8

3
.8

8
6

3
1

6
.3

2
1

3
4

9
.7

0
8

3
8

3
.8

9
6

4
1

8
.7

3
2

4
5

4
.0

5
5

4
8

9
.7

0
1

5
2

5
.4

9
9

56
2-

27
4

59
6.

74
6

63
27

62
8

6
6

6
.6

3
2

7
0

0
.4

6
1

7
3

3
.3

1
5

1
4

.4
7

0

1
4

.9
1

5

1_
76

06
3

9
.7

8
7

5
8

7
7

7

1
1

6
9

.4
6

0

1
0

0
3

.8
2

7

-8
3

1
.8

4
5

-6
5

5
.7

0
7

-4
7

5
.9

8
4

-2
9

2
.8

9
2

-1
0

6
.6

5
9

8
2

.4
8

5

2
7

4
.2

9
7

4
6

8
.5

2
5

6
6

4
.9

1

8
6

3
.1

9

1
0

6
3

.0
8

5

1
2

6
4

.3
(

1
4

6
6

.5
6

9

1
6

6
9

.5
6

8

1
8

7
2

.9
9

2

2
0

7
6

.5
2

5

2
2

7
9

.8
3

9

2
4

8
2

.6
0

0

2
6

8
4

.4
6

2
8

8
5

.0
7

3

3
0

8
4

.0
7

2

3
2

8
1

.0
9

3

-1
4

8
9

.8
5

9

-1
3

5
0

.4
4

4

-1
79

5.
41

8
-1

02
6.

25
9,

-8
51

95
2"

-9
7

1
.5

4
2

-8
4

2
.1

2
4

-7
0

8

-5
7

3
.1

4
9

-4
3

5
.2

5
5

-2
9

5
.3

3
5

1
5

3
.5

2
5

-9
.9

6
5

1
3

5
.2

0
1

.8
2

0

4
2

9
.7

3
7

5
7

8
.7

9
2

7
2

8
.8

1
9

8
7

9
.6

4
5

1
0

3
1

.0
9

6

1
8

2
.9

9
0

J
33

54
40

1
4

8
7

.3
5

6

1
6

3
9

.4
4

0

17
97

.1
97

1
9

4
2

.4
0

1

2
0

9
2

.8
5

9

2
2

4
2

.3
4

8

2
3

9
0

.6
4

7

1
2

2
1

.9
5

2

-1
1

0
8

.3
0

4

~7
)8

77
26

5
-8

5
3

.7
2

6

-7
19

.7
71

7

-9
5

7
.3

5
6

-8
2

3
.0

7
3

-6
8

3
.8

2
5

-5
4

1
.3

2
7

-3
9

6
.0

2
7

-2
4

8
.0

9
1

-9
7

.6
9

9

5
4

.9
6

8

2
0

9
.7

2
2

3
6

6
.3

6
6

5
2

4
.6

9
7

6
8

4
.5

0
8

8
4

5
.5

8

1
0

0
7

.6
9

5

1
7

0
.6

1
9

1
3

3
4

.1
2

1
4

9
7

.9
5

5

1
6

6
1

.8
7

4

1
8

2
5

.6
2

2

1
9

8
8

.9
3

8

2
1

5
1

.5
5

0

2
3

1
3

.1
8

5

2
4

7
3

.5
5

9

2
6

3
2

.3
8

6

1
2

1
7

.1
2

2

-1
1

0
3

.3
4

1

-9
7

7
.3

5
2

"_
I8

40
.3

lf
-7

0
0

.0
2

7

3
2

.0
5

_

J_
7_

56
77

17
7T

7
1

.2
3

5

8
7

.7
4

5

1
0

5
.6

4
8

_
_

_
_

_
_

_
_

_
_

_

14
57

87
"

16
6.

83
2"

1
8

9
.4

1
0

2
1

2
.9

1
4

2
3

7
.2

4
1

2
6

2
.2

8
1

2
8

7
.9

2
2

3
1

4
.0

4
9

3
4

0
.5

4
2

3
6

7
.2

7
6

3
9

4
.1

2
4

~4
20

.9
55

"
4

4
7

.6
3

4

4
7

4
.0

2
1

49
9.

97
4'

72
5.

34
5"

54
9.

98
6"

1
0

.8
5

3

1
7

.7
0

4

_2
92

B4
0

"T
TT

oT
T

-1
1

6
9

.4
6

0

-1
0

0
3

.8
2

7

-6
5

5
.7

0
7

74
75

.9
84

7.
95

.3
35

^
-[

53
.5

25
14

77
27

2
2

7
4

.2
9

7

4
6

8
.5

2
5

6
6

4
.9

1
3

8
6

3
.1

9
1

1
0

6
3

.0
8

5

1
2

6
4

.3
0

8

1
4

6
6

.5
6

9

1
6

6
9

.5
6

8

1
8

7
2

.9
9

2

20
76

75
25

"
_

22
79

.8
39

2
4

8
2

.6
0

0

26
77

16
7

2
8

8
5

.0
7

3

3
0

8
4

.0
7

2

""
32

81
.0

93
"

-1
4

8
9

.8
5

9

-1
3

5
0

.4
4

4

-1
1

9
5

.4
1

8

-1
0

2
6

.2
5

9

-8
52

.9
52

"



C
a
ta

ta
n

:

Ko
mb

ina
si

I
:V

u=
n(

1,2
5

DC
+

1,5
DW

+1
,75

(L
L+

IM
))

Ko
m

bin
as

iI
I

:V
u

=
n

(D
C

+
DW

+
(L

L+
IM

))

Ko
mb

ina
si

III
:V

u=
r]

(D
C

+
DW

+1
,3

(L
L+

IM
))

K
om

bi
na

si
IV

:V
u

=
r|

(0
,75

(L
L+

IM
))

t
o



B
en

ta
ng

L
o

k
a

si

1
0

1
2

13 15 1
7

1
7

D
C

-2
9

2
.0

2
7

-1
9

6
.7

0
2

1
0

1
.3

7
7

-6
.0

5
2

8
9

.2
7

3

1
8

4
.5

9
8

2
7

9
.9

2
3

3
7

5
.2

4
8

4
7

0
.5

7
3

5
6

5
.8

9
8

6
6

1
.2

2
3

7
5

6
.5

4
8

8
5

1
.8

7
3

9
4

7
.1

9
8

1
0

4
2

.5
2

3

1
3

3
4

.5
5

0

-1
2

3
9

.2
2

5

-1
1

4
3

.9
0

0

-1
0

4
8

.5
7

5

-9
5

3
.2

5
0

TA
BE

L
5.2

0G
AY

A
GE

SE
R

TE
RF

AK
TO

R
AK

IB
AT

BE
BA

N
HI

DU
P

M
AX

NE
GA

TI
F

PA
D

A
G

E
L

A
G

A
R

IN
T

E
R

IO
R

(B
ER

AT
SE

ND
IR

IG
EL

AG
AR

W
^
..

=
10

,37
8

kN
/m

)

G
ay

a
ge

se
r(

kN
)

D
W

T
ru

ck
/t

a
n

d
em

-5
4

.7
7

-3
6

.8
9

2

1
9

.0
1

4

1
.1

3
5

1
6

.7
4

3

3
4

.6
2

2

m
a

x
n

eg
a

ti
f

-4
9

2
.0

4
7

-4
3

9
.3

0
4

-3
8

7
.6

0
6

-3
3

7
.2

2
1

-2
8

8
.4

1
4

la
n

e

m
a

x
n

e
g

a
ti

f

5
2

.5
0

0

7
0

.3
7

9

8
8

.2
5

7

1
0

6
.1

3
6

1
2

4
.0

1
4

-2
4

1
.4

5
1

-1
9

6
.5

9
8

1
5

4
.1

2
2

-1
1

4
.9

3
2

1
4

1
.8

9
3

1
5

9
.7

7
1

1
7

7
.6

5
0

-8
2

.8
8

4

-6
0

.1
7

3

-4
0

.7
9

7

-2
2

.9
6

0

1
9

5
.5

2
8

-2
5

0
.2

9
9

-2
3

2
.4

2
:

-2
1

4
.5

4
2

-1
9

6
.6

6
4

1
7

8
.7

8
5

-1
3

.4
8

9

1
3

.4
8

9

-6
0

0
.1

2
5

-5
8

1
.5

7
0

-5
6

1
.2

3
0

-5
3

9
.2

8
0

-5
1

5
.8

9
9

1
8

3
.1

5
9

1
5

6
.4

4
1

1
3

2
.0

8
2

-1
1

0
.0

6
3

-9
0

.3
6

0

M
g

v

0
.6

7
1

0
.6

7
1

0
.6

7

0
.6

7
1

-7
2

.9
2

8

-5
7

.7
1

6

-4
4

.6
6

3

0
.6

7
1

0
.6

7
1

0
.6

7
1

-3
3

.6
9

5

-2
4

.7
2

3

1
7

.6
5

4

-1
2

.3
7

9

-8
.7

7
6

-6
.7

1
5

0
.6

7

0
.6

7
1

0
.6

7
1

0
.6

7
;

0
.6

7
1

0
.6

7
1

0
.6

7

-6
.0

5
3

-4
0

2
.7

2
5

-3
7

5
.1

0
0

-3
4

8
.0

7
6

-3
2

1
.7

4
8

-2
9

6
.2

0
3

0
.6

7

0
.6

7
1

0
.6

7
1

0
.6

7
1

0
.6

7
1

0
.6

7
1

(a
ll

ot
he

r)

-5
6

2
.0

1
7

-4
9

7
.0

2
0

-4
3

4
.5

3
8

-3
7

4
.7

9
8

-3
1

8
.0

2
1

-2
6

4
.4

1
3

-2
1

4
.1

7
7

-1
6

7
.5

1
2

1
2

5
.1

7
8

-9
0

.5
5

7

-6
5

.5
4

6

-4
4

.7
1

5

-2
6

.3
7

9

-1
6

.5
4

4

1
6

.1
0

0

-8
0

5
.7

9
8

-7
7

0
.7

0
3

-7
3

4
.4

1
7

-6
9

7
.1

6
3

-6
5

9
.1

5
6

V
lX

+I
M

(f
at

ig
ue

)
-5

0
2

.5
8

8

-4
4

3
.9

6
1

-3
8

7
.7

2
3

-3
3

4
.0

6
9

-2
8

3
.1

8
6

-2
3

5
.2

5
0

1
9

0
.4

3
2

-1
4

8
.8

9
7

1
1

1
.2

9
7

-8
0

.5
4

7

-5
8

.2
7

8

-3
9

.7
8

7

-2
3

.6
0

6

-1
4

.9
1

5

1
4

.4
7

0

-7
3

3
.3

1
5

-7
0

0
.4

6
1

-6
6

6
.6

3
2

-6
3

2
.0

2
8

-5
9

6
.8

4
6

S
tr

en
g

th

-1
3

5
9

.1
8

4

-1
1

1
2

.4
5

1

-8
6

9
.9

0
0

-6
3

1
.9

0
7

-3
9

8
.8

3
9

1
7

1
.0

4
0

5
1

.1
5

2
6

7
.4

0
8

4
7

6
.4

6
3

6
7

2
.6

9
6

8
5

2
.9

5
2

1
0

2
6

.2
5

9

1
1

9
5

.4
1

8

1
3

5
0

.4
4

4

1
4

8
9

.8
5

9

-3
2

8
1

.0
9

3

-3
0

8
4

.0
7

2

-2
8

8
5

.0
7

3

-2
6

8
4

.4
6

1

-2
4

8
2

.6
0

0

K
o

m
b

in
a

si
V

u

II

S
e
rv

ic
e

1

-9
0

8
.8

1
5

-7
3

0
.6

1
4

-5
5

4
.9

2
9

-3
8

1
.9

8
6

-2
1

2
.0

0
5

-4
5

.1
9

3

1
1

8
.2

4
6

2
7

8
.

4
3

3
.6

5
2

5
8

1
.4

7
6

7
1

9
.6

9
1

8
5

3
.7

2
6

9
8

5
.2

6
5

1
0

8
.3

0
4

1
2

2
1

.9
5

2

-2
3

9
0

.6
4

7

-2
2

4
2

.3
4

8

-2
0

9
2

.8
5

9

1
9

4
2

.4
0

1

1
7

9
1

.1
9

1

H
I

S
e
rv

ic
e

2

-1
0

7
7

.4
2

0

-8
7

9
.7

2
0

-6
8

5
.2

9
;

-4
9

4
.4

2
5

-3
0

7
.4

1

-1
2

4
.5

1
7

5
3

.9
9

2

2
2

7
.8

6
1

3
9

6
.0

9
9

5
5

4
.3

0
9

7
0

0
.0

2
7

8
4

0
.3

1
:

9
7

7
.3

5
2

1
0

3
.3

4

1
2

1
7

.1
2

2

-2
6

3
2

.3
8

6

-2
4

7
3

.5
5

9

-2
3

1
3

.1
8

5

-2
1

5
1

.5
5

0

1
9

8
8

.9
3

8

IV

F
at

ig
ue

-3
7

6
.9

4

-3
3

2
.9

7
1

-2
9

0
.7

9
2

-2
5

0
.5

5
2

-2
1

2
.3

9
0

1
7

6
.4

3
8

1
4

2
.8

2
4

-1
1

1
.6

7
3

-8
3

.4
7

2

-6
0

.4
1

0

-4
3

.7
0

9

-2
9

.8
4

0

1
7

.7
0

4

1
8

6

-1
0

.8
5

3

-5
4

9
.9

8
6

-5
2

5
.3

4
5

-4
9

9
.9

7
4

-4
7

4
.0

2
1

-4
4

7
.6

3
4

V
u

(k
N

)

-1
3

5
9

.1
8

4

-1
1

1
2

.4
5

1

-8
6

9
.9

0
0

-6
3

1
.9

0
7

-3
9

8
.8

3
9

1
7

1
.0

4
0

1
4

2
.8

2
4

2
7

8
.1

1
5

4
7

6
.4

6
3

6
7

2
.6

9
6

8
5

2
.9

5
2

1
0

2
6

.2
5

9

1
1

9
5

.4
1

8

1
3

5
0

.4
4

4

1
4

8
9

.8
5

9

-3
2

8
1

.0
9

3

-3
0

8
4

.0
7

2

-2
8

8
5

.0
7

3

-2
6

8
4

.4
6

1

-2
4

8
2

.6
0

0

t
o

o
.



_
_
_
_
_

_
_
_
_
_

_2
2_

_
_
_
_
_
_
_

2
4

_
_
_
_
_

_
_
_
_

_2
7_

2
8

I
c
T

_
_
_
_
_

3
3

J4
_

_
_
_
_
_
_

_3
6_

3
7

_
_
_
_
_

_
_
_
_
_

"7
17

4
2

_
_
_
_
_
_

_
_
_
_
_

_
_
_
_
_

_
_
_
_
_

_
_
_
_
_

4
7

-
8
5
7
.
9
2
5

-
7
6
2
.
6
0
0

-
6
6
7
.
2
7
5

-
5
7
1
.
9
5
0

-
4
7
6
.
6
2
5

TT
TT
To
o

-
2
8
5
.
9
7
5

-
1
9
0
.
6
5
0

-
9
5
.
3
2
5

0
.
0
0
0

9
5
.
3
2
5

1
9
0
.
6
5
0

2
8
5
.
9
7
5

3
8
1
.
3
0
0

4
7
6
.
6
2
5

5
7
1
.
9
5
0

6
6
7
.
2
7
5

7
6
2
.
6
0
0

8
5
7
.
9
2
5

9
5
3
.
2
5
0

1
0
4
8
.
5
7
5

1
4
3
.
9
0
0

1
2
3
9
.
2
2
5

13
34
.5
50
"

-
1
0
4
2
.
5
2
3

-
9
4
7
.
1
9
8

-
8
5
1
.
8
7
3

1
6
0
.
9
0
7

1
4
3
.
0
2
8

1
2
5
.
1
5
0

1
0
7
.
2
7

-
8
9
.
3
9
3

-
7
1
.
5
1
4

-
5
3
.
6
3
6

-
3
5
.
7
5
7

1
7
.
8
7
9

0
.
0
0
0

1
7
.
8
7
9

3
5
.
7
5
7

5
3
.
6
3
6

7
1
.
5
1
4

8
9
.
3
9
3

1
0
7
.
2
7
1

1
2
5
.
1
5
0

1
4
3
.
0
2
8

1
6
0
.
9
0
7

1
7
8
.
7
8
5

1
9
6
.
6
6
4

2
1
4
.
5
4
2

2
3
2
.
4
2

2
5
0
.
2
9
9

1
9
5
.
5
2
8

1
7
7
.
6
5
0

1
5
9
.
7
7
1

-
7
5
6
.
5
4
8

-6
61
.2
23
"

-
1
4
1
.
8
9
3

-
1
2
4
.
0
1
4

-
4
9
1
.
2
6
3

-
4
6
5
.
5
5
0

-
4
3
8
.
9
3
8

-
4
1
1
.
6
0
4

-
3
8
3
.
7
2
5

-
3
5
5
.
4
7
9

-
3
2
7
.
0
4
3

-
2
9
8
.
5
9
4

-
2
7
0
.
3
1
0

-
2
4
2
.
3
6
8

-
2
1
4
.
9
4
6

-
1
8
8
.
2
2
0

1
6
2
.
3
6
9

-
1
3
7
.
5
7
0

1
3
.
9
9
9

-
9
1
.
8
3
5

-
7
1
.
2
5
5

-
5
2
.
6
8
:

-
3
7
.
6
3
5

-
2
7
.
0
1
1

-
2
7
.
0
1

-
2
7
.
0
1
1

-
2
7
.
0
1

-
2
7
.
0
1

-
5
4
1
.
2
0

-
5
0
1
.
7
6
6

-
4
5
9
.
6
4
9

-
4
1
5
.
1
1
8

-
3
6
8
.
4
3
9

-
2
7
1
.
5
2
1

-
2
4
7
.
7
7
5

-
2
2
5
.
0
2
9

-
2
0
3
.
3
4
0

1
8
2
.
7
5
8

1
6
3
.
3
2
5

1
4
5
.
0
7
5

1
2
8
.
0
3
4

-
1
1
2
.
2
2
2

-
9
7
.
6
5
0

-
8
4
.
3
2
2

-
7
2
.
2
3
4

-
6
1
.
3
7
5

-
5
1
.
7
2
5

-
4
3
.
2
5
8

-
3
5
.
9
4
0

-
2
9
.
7
2
9

-
2
4
.
5
7
5

-
2
0
.
4
2
1

-
1
7
.
2
0
3

1
4
.
8
4
8

-
1
3
.
2
7
6

1
2
.
4
0
0

1
2
.
1
2
5

-
3
1
0
.
9
8
1

-
2
8
3
.
7
4
3

-
2
5
7
.
9
0
4

-
2
3
3
.
6
0
7

0
.
6
7
1

0
.
6
7
;

0
.
6
7
1

0
.
6
7
1

0
.
6
7
1

0
.
6
7

0
.
6
7

0
.
6
7
1

0
.
6
7

0
.
6
7

0
.
6
7
1

0
.
6
7
1

0
.
6
7
1

0
.
6
7
1

0
.
6
7
1

0
.
6
7
:

0
.
6
7
1

0
.
6
7
1

0
.
6
7

7
.'
67
;

0
.
6
7

0
.
6
7
1

0
.
6
7
1

0
.
6
7
1

0
.
6
7
1

0
.
6
7
1

0
.
6
7
1

0
.
6
7
1

T-
TT
TT
TT
Tj

0.
67
1

-
6
2
0
.
6
0
8

-
5
8
1
.
7
2
8

-
5
4
2
.
7
1
6

-
5
0
3
.
7
6
9

-
4
6
5
.
0
7
8

-
4
2
6
.
8
3
1

-
3
8
9
.
2
0
8

-
3
5
2
.
3
8
5

-
3
1
6
.
5
3
4

-
2
8
1
.
8
2
0

-
2
4
8
.
4
0
4

.
.
4
4
2

-
1
8
6
.
0
8
6

-
1
5
7
.
4
7
9

1
3
0
.
7
6
2

-
1
0
6
.
0
7
2

-
8
3
.
5
3
8

-
6
3
.
5
0
4

-
4
7
.
2
8
9

-
3
5
.
6
4
9

-
3
4
.
0
6
8

-
3
3
.
0
1
4

-
3
2
.
4
2
6

-
3
2
.
2
4
1

-
6
9
1
.
6
5
2

-
6
3
8
.
1
8
3

-
5
8
3
.
2
5
8

-
5
2
7
.
2
1
4

-
4
7
0
.
3
7
5

-
5
6
1
.
2
7
4

-
5
2
5
.
4
9
9

-
4
8
9
.
7
0
:

-
4
5
4
.
0
5
5

:
.
7
3
2

-
3
8
3
.
8
9
6

-
3
4
9
.
7
0
8

-
3
1
6
.
3
2

-
2
8
3
.

-
2
5
2
.
5
4
6

-
2
2
2
.
4
4
3

1
9
3
.
7
0
9

-
1
6
6
.
4
7
5

-
1
4
0
.
8
6
3

1
6
.
9
9
3

-
9
4
.
9
8
0

-
7
4
.
9
3
2

-
5
7
.
1
4
1

-
4
2
.
7
4
4

-
3
2
.
3
8
6

-
3
0
.
8
0
6

-
2
9
.
7
5

-
2
9
.
1
6
3

-
2
8
.
9
7
9

-
6
2
6
.
2
8
6

-
5
7
7
.
5
7
9

-
5
2
7
.
7
4
2

-
4
7
7
.
0
7
6

-
4
2
5
.
8
7
5

-
2
2
7
9
.
8
3
9

-
2
0
7
6
.
5
2
5

1
8
7
2
.
9
9
2

1
6
6
9
.
5
6
8

-
1
4
6
6
.
5
6
9

-
1
2
6
4
.
3
0
8

1
0
6
3
.
0
8
5

-
8
6
3
.
1
9
1

-
6
6
4
.
9
1
3

-
4
6
8
.
5
2
5

-
2
7
4
.
2
9
7

-
8
2
.
4
8
5

1
0
6
.
6
5
9

2
9
2
.
8
9
2

4
7
5
.
9
8
4

6
5
5
.
7
0
7

8
3
1
.
8
4
5

1
0
0
3
.
8
2
7

1
6
9
.
4
6
0

1
3
2
7
.
4
8
7

1
4
6
8
.
7
9
0

1
6
0
9
.
2
1
8

1
7
4
8
.
8
7
1

1
8
8
7
.
8
5
3

-
2
6
6
6
.
4
9
6

-
2
4
3
8
.
9
2
7

-
2
2
0
8
.
9
4
0

-
1
9
7
7
.
0
9
1

-
1
7
4
3
.
9
2
1

-
1
6
3
9
.
4
4
0

-
1
4
8
7
.
3
5
6

1
3
3
5
.
1
4
0

-
1
1
8
2
.
9
9
0

-
1
0
3
1
.
0
9
6

-
8
7
9
.
6
4
5

-
7
2
8
.
8
1
9

-
5
7
8
.
7
9
2

-
4
2
9
.
7
3
7

-
2
8
1
.
8
2
0

-
1
3
5
.
2
0
1

9
.
9
6
5

1
5
3
.
5
2
5

2
9
5
.
3
3
5

4
3
5
.
2
5
5

5
7
3
.
1
4
9

7
0
8
.

8
4
2
.
1
2
4

9
7
1
.
5
4
2

1
0
9
6
.
3
8
6

1
2
1
1
.
1
7
0

3
2
5
.
4
2
8

1
4
3
9
.
2
2
0

1
5
5
2
.
6
0
8

1
9
2
9
.
7
0
4

1
7
6
3
.
0
3
0

1
5
9
4
.
9
0
2

-
1
4
2
5
.
6
5
5

-
1
2
5
5
.
6
1
2

-
1
8
2
5
.
6
2
2

-
1
6
6
1
.
8
7
4

-
1
4
9
7
.
9
5
5

-
1
3
3
4
.
1
2
1

1
7
0
.
6
1
9

-
1
0
0
7
.
6
9
5

-
8
4
5
.
5
8

-
6
8
4
.
5
0
8

-
5
2
4
.
6
9
7

-
3
6
6
.
3
6
6

-
2
0
9
.
7
2
2

-
5
4
.
9
6
8

9
7
.
6
9
9

2
4
8
.
0
9
1

3
9
6
.
0
2
7

5
4
1
.
3
2
7

6
8
3
.
8
2
5

8
2
3
.
0
7
;

9
5
7
.
3
5
6

1
0
8
5
.
6
9
2

1
2
0
0
.
9
5
0

1
3
1
5
.
5
2
4

1
4
2
9
.
4
9
2

1
5
4
2
.
9
3
5

-
2
1
3
7
.
1
9
9

1
9
5
4
.
4
8
5

1
7
6
9
.
8
8
0

-
1
5
8
3
.
8
1
9

-
1
3
9
6
.
7
2
5

-
4
2
0
.
9
5
5

-
3
9
4
.
1
2
4

-
3
6
7
.
2
7
6

-
3
4
0
.
5
4
2

-
3
1
4
.
0
4
9

-
2
8
7
.
9
2
2

-
2
6
2
.
2
8
1

-
2
3
7
.
2
4
1

-
2
1
2
.
9
1
4

1
8
9
.
4
1
0

-
1
6
6
.
8
3
2

1
4
5
.
2
8
2

-
1
2
4
.
8
5
6

1
0
5
.
6
4
8

-
8
7
.
7
4
5

-
7
1
.
2
3
5

-
5
6
.
1
9
9

-
4
2
.
8
5
6

-
3
2
.
0
5
8

-
2
4
.
2
9
0

-
2
3
.
1
0
5

-
2
2
.
3
1
3

-
2
1
.
8
7
3

-
2
1
.
7
3
4

-
4
6
9
.
7
1
5

-
4
3
3
.
1
8
4

-
3
9
5
.
8
0
6

-
3
5
7
.
8
0
7

-
3
1
9
.
4
0
6

-
2
2
7
9
.
8
3
9

-
2
0
7
6
.
5
2
5

1
8
7
2
.
9
9
2

1
6
6
9
.
5
6
8

1
4
6
6
.
5
6
9

-
1
2
6
4
.
3
(

-
1
0
6
3
.
0
8
5

-
8
6
3
.
1
9
1

-
6
6
4
.
9
1
3

-
4
6
8
.
5
2
5

-
2
7
4
.
2
9
7

-
1
4
5
.
2
8
2

1
5
3
.
5
2
5

2
9
5
.
3
3
5

4
7
5
.
9
8
4

6
5
5
.
7
0
7

8
3
1
.
8
4
5

1
0
0
3
.
8
2
7

1
6
9
.
4
6
0

1
3
2
7
.
4
8
7

1
4
6
8
.
7
9
0

1
6
0
9
.
2
1
8

1
7
4
8
.
8
7
;

1
8
8
7
.
8
5
3

-
2
6
6
6
.
4
9
6

-
2
4
3
8
.
9
2
7

-
2
2
0
8
.
9
4
0

-
1
9
7
7
.
0
9
1

-
1
7
4
3
.
9
2
1



4
8

-
5
6
5
.
8
9
8

-
1
0
6
.
1
3
6

-
3
1
9
.
8
7
7

-
1
9
0
.
1
5
1

0
.
6
7
1

-
4
1
3
.
0
5
9

-
3
7
4
.
4
2
4

-
1
5
0
9
.
9
5
8

-
1
0
8
5
.
0
9
3

-
1
2
0
9
.
0
1
0

-
2
8
0
.
8
1
8

-
1
5
0
9
.
9
5
8

4
9

-
4
7
0
.
5
7
3

-
8
8
.
2
5
7

-
2
6
9
.
7
0
0

-
1
7
1
.
2
2
1

0
.
6
7
1

-
3
5
5
.
5
7
8

-
3
2
3
.
0
0
3

-
1
2
7
5
.
7
2
0

-
9
1
4
.
4
0
8

-
1
0
2
1
.
0
8
1

-
2
4
2
.
2
5
2

-
1
2
7
5
.
7
2
0

5
0

-
3
7
5
.
2
4
8

-
7
0
.
3
7
9

-
2
1
8
.
1
7
3

-
1
5
4
.
2
8
9

0
.
6
7
1

-
2
9
8
.
2
3
2

-
2
7
1
.
8
8
1

-
1
0
4
1
.
7
0
7

-
7
4
3
.
8
5
9

-
8
3
3
.
3
2
8

-
2
0
3
.
9
1
1

-
1
0
4
1
.
7
0
7

5
1

-
2
7
9
.
9
2
3

-
5
2
.
5
0
0

-
1
6
6
.
8
6
7

-
1
3
9
.
4
4
2

0
.
6
7
1

-
2
4
2
.
4
8
3

-
2
2
2
.
3
2
9

-
8
1
0
.
3
4
9

-
5
7
4
.
9
0
6

-
6
4
7
.
6
5
1

-
1
6
6
.
7
4
6

-
8
1
0
.
3
4
9

5
2

-
1
8
4
.
5
9
8

-
3
4
.
6
2
2

-
1
2
7
.
6
2
0

-
1
2
6
.
7
5
3

0
.
6
7
1

-
1
9
8
.
9
4
3

-
1
8
3
.
5
2
9

-
5
9
9
.
2
8
9

-
4
1
8
.
1
6
3

-
4
7
7
.
8
4
6

-
1
3
7
.
6
4
7

-
5
9
9
.
2
8
9

5
3

-
8
9
.
2
7
3

-
1
6
.
7
4
3

-
1
2
7
.
6
2
0

-
1
1
6
.
2
8
6

0
.
6
7
1

-
1
9
1
.
9
2
0

-
1
7
6
.
5
0
6

-
4
4
8
.
9
3
7

-
2
9
7
.
9
3
6

-
3
5
5
.
5
1
2

-
1
3
2
.
3
7
9

-
4
4
8
.
9
3
7

5
4

6
.
0
5
2

1
.
1
3
5

-
1
2
7
.
6
2
0

-
1
0
8
.
0
9
1

0
.
6
7
1

-
1
8
6
.
4
2
1

-
1
7
1
.
0
0
7

-
3
0
1
.
1
2
0

-
1
7
9
.
2
3
4

-
2
3
5
.
1
6
0

-
1
2
8
.
2
5
5

-
3
0
1
.
1
2
0

5
5

1
0
1
.
3
7
7

1
9
.
0
1
4

-
1
2
7
.
6
2
0

-
1
0
2
.
2
0
9

0
.
6
7
1

-
1
8
2
.
4
7
4

-
1
6
7
.
0
6
0

-
1
5
5
.
8
8
3

-
6
2
.
0
8
3

-
1
1
6
.
8
2
5

-
1
2
5
.
2
9
5

-
1
5
5
.
8
8
3

5
6

1
9
6
.
7
0
2

3
6
.
8
9
2

-
1
2
7
.
6
2
0

-
9
8
.
6
6
9

0
.
6
7
1

-
1
8
0
.
0
9
9

-
1
6
4
.
6
8
5

-
1
3
.
2
5
9

5
3
.
4
9
6

-
0
.
5
3
4

-
1
2
3
.
5
1
4

-
1
2
3
.
5
1
4

5
7

2
9
2
.
0
2
7

5
4
.
7
7
1

-
1
2
7
.
6
2
0

-
9
7
.
4
8
7

0
.
6
7
1

-
1
7
9
.
3
0
6

-
1
6
3
.
8
9
2

1
2
6
.
7
3
5

1
6
7
.
4
9
2

1
1
3
.
7
0
1

-
1
2
2
.
9
1
9

1
6
7
.
4
9
2

C
a
ta

ta
n

:

K
om

bi
na

si
I

:V
u

=
r\

(1
,2

5
D

C
+

1,5
D

W
+1

,7
5

(L
L+

IM
))

K
om

bi
na

si
II

:V
u

=
r\

(D
C

+
D

W
+

(L
L+

IM
))

K
om

bi
na

si
III

:V
u

=
r|

(
DC

+
D

W
+1

,3
(L

L+
IM

))

K
om

bi
na

si
IV

:V
u

=
r|

(0
,7

5
(L

L+
IM

))

t
o



TABEL 5.21 MOMEN SAAT PELAKSANAAN TIAP SEGMEN
(Wselasar= 10,378 kN/m)

Bentang Lokasi Momen.(k.Nm)

Akibat Berat Sendiri Akibat Berat Alat Mu

I 1 O.OOC O.OOC 0.000

2 -129.725 -2000.000 -2662.156

3 -518.900 -4000.000 -5648.625

4 -1167.525 -6000.000 -8959.406

5 -2075.600 -8000.000 -12594.500

6 -3243.125 -10000.000 -16553.906

7 -4670.100 -12000.000 -20837.625

8 -6356.525 -14000.000 -25445.656

9 -8302.400 -16000.000 -30378.000

10 -10507.720 -18000.000 -35634.650

11 -12972.500 -20000.000 -41215.625

12 -15696.720 -22000.000 -47120.900

13 -18680.400 -24000.000 -53350.500

14 -21923.530 -26000.000 -59904.413

15 -25426.100 -28000.000 -66782.625

2 15 -25426.100 -28000.000 -66782.625

16 -21923.530 -26000.000 -59904.413

17 -18680.400 -24000.000 -53350.500

18 -15696.720 -22000.000 -47120.900

19 -12972.500 -20000.000 -41215.625

20 -10507.720 -18000.000 -35634.650

21 -8302.400 -16000.000 -30378.000

22 -6356.525 -14000.000 -25445.656

23 -4670.100 -12000.000 -20837.625

24 -3243.125 -10000.000 -16553.906

25 -2075.600 -8000.000 -12594.500

26 -1167.525 -6000.000 -8959.406

27 -518.900 -4000.000 -5648.625

28 -129.725 -2000.000 -2662.156

29 0.000 0.000 0.000

Mu=l,25(Mtltlk+Mmerata)
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TABEL 5.22 GAYA GESER SAAT PELAKSANAAN TIAP SEGMEN
(W gciaga,. = 10,378 kN/m)

Bentang Lokasi Gaya Geser {kN)

Akibat Berat Sendiri Akibat Berat Alat Vu

1 1 O.OOC 400.00C 500.000

2 51.89C 400.00C 564.863

3 103.780 400.000 629.725

4 155.670 400.000 694.588

5 207.560 400.000 759.450

6 259.450 400.000 824.313

7 311.340 400.000 889.175
g 363.230 400.000 954.038

9 415.120 400.000 1018.900

10 467.010 400.000 1083.763

11 518.900 400.000 1148.625

12 570.790 400.000 1213.488

13 622.680 400.000 1278.350

14 674.570 400.000 1343.213

15 726.460 400.000 1408.075
2 15 -726.460 -400.000 -1408.075

16 -674.570 -400.000 -1343.213

17 -622.680 -400.000 -1278.350

18 -570.790 -400.000 -1213.488

19 -518.900 -400.000 -1148.625

20 -467.010 -400.000 -1083.763

21 -415.120 -400.000 -1018.900

22 -363.230 -400.000 -954.038

23 -311.340 -400.000 -889.175

24 -259.450 -400.000 -824.313

25 -207.560 -400.000 -759.450

26 -155.670 -400.000 -694.588

27 -103.780 -400.000 -629.725

28 -51.890 -400.000

Too. ood
-564.863

-500.00029 0.000

Vu=1.25(Vtitik+Vmcrata)
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TABEL 5.23 MOMEN RENCANA TIAP SEGMEN

Bentang Lokas Momen

Pelaksanaan (kN m)
Momen Service (kNm) Momen Rencana (kN m)

Max Positif Max Negatif Positif Negatif
l 1 O.OOC) 0.000 O.OOC) O.OOC) 0.000

2 -2662.156 4589.69.> 851.065 4589.699 -2662.156
j -5648.625 7885.367 1132.112 7885.367 -5648.625
4 -8959.406 9970.818 -1244.484 9970.818 -8959.406
_> ' -12594.500 10913.416 -1671.035 10913.416 -12594.500
6 -16553.906 10685.979 -3157.605 10685.979 -16553.906
7 -20837.625 9261.842 -5933.229 9261.842 -20837.625
8 -25445.656 6797.022 -9434.436 6797.022 -25445.656
9 -30378.000 3645.836 -13852.482 3645.836 -30378.000
10 -35634.650 3356.253 -18832.182 3356.253 -35634.650
11 -41215.625 -6729.122 -24544.799 -41215.625

12 -47120.900 -13321.426 -30988.772 -47120.900

13 -53350.500 -21371.810 -38331.677 -53350.500

14 -59904.413 -29487.435 -46611.860 -59904.413
15 -66782.625 -36712.901 -56052.673 -66782.625

-.

15 -66782.625 -36729.098 -55860.025 -66782.625
16 -59904.413 -27547.906 -42345.672 -59904.413
17 -53350.500 -18603.418 -30005.218 -53350.500
18 -47120.900 -9614.970 -18895.800 -47120.900
19 -41215.625 -1563.729 -9390.930 -41215.625

20 -35634.650 7889.730 -1999 395 7889.730 -35634.650

21 -30378.000 15951.955 4414.925 15951.955 -30378.000
22 -25445.656 23274.323 9905.713 23274.323 -25445.656

23 -20837.625 29736.846 14575.926 29736.846 -20837.625

24 -16553.906 35202.520 18550.158 35202.520 -16553.906

25 -12594.500 39661.340 21828.431 39661.340 -12594.500
26 -8959.406 43109.631 24410.650 43109.631 -8959.406

27 -5648.625 45540.320 26297.539 45540.320 -5648.625

28 -2662.156 46951.963 27489.378 46951.963 -2662.156

29 0.000 47352.883 27985.724 47352.883 0.000



TABEL 5.24 GAYA GESER RENCANA TIAP SEGMEN

Bentang Lokasi Gaya Geser
Pelaksanaan (kN)

GayaGeser Service (kN) GayaGeser Rencana (kN)
Max Positif Max Negatif Positif Neaatif

l 1 500.00C -167.49: -1359.18. 500.00C1 -1359.184
_. 564.863 123.5H -1112.451 564.863 -1112.451
_ 629.725 155.883 -869.900 629.725 -869.900
4 694.588 301.12C -631.907 694.588 -631.907
5 759.450 448.937 -398.839 759.450 -398.839
6 824.313 599.289 -171.040 824.313 -171.040
7 889.175 810.349 -142.824 889.175 -142.824
8 954.038 1041.707 278.115 1041.707
9 1018.900 1275.720 476.463 1275.720
10 1083.763 1509.958 672.696 1509.958
11 1148.625 1743.921 852.952 1743.921

12 1213.488 1977.091 1026.259 1977.091
13 1278.350 2208.940 1195.418 2208.940

14 1343.213 243S.927 1350.444 2438.927

15 1408.075 2666.496 1489.859 2666.496
7

15 -1408.075 -1887.853 -3281.093 -3281.093
16 -1343.213 -1748.871 -3084.072 -3084.072
17 -1278.350 -1609.218 -2885.073 -2885.073
18 -1213.488 -1468.790 -2684.461 -2684.461
19 -1148.625 -1327 487 -2482.600 -2482.600

20 -1083.763 -1169.460 -2279.839 -2279.839
21 -1018.900 -1003.827 -2076.525 -2076.525
22 -954.038 -831.845 -1872.992 -1872.992
23 -889.175 -655.707 -1669.568 -1669.568
24 -824.313 -475.984 -1466.569 -1466.569
25 -759.450 -295.335 -1264.308 -1264.308
26 -694.588 -153.525 -1063.085 -1063.085
27 -629.725 145.282 -863.191 145.282 -863.191
28 -564.863 274.297 -664.913 274.297 -664.913|
29 -500.000 468.525 -468.525 468.525 -500.000
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5.12 Perencanaan pengaku

5.12.1 Pengaku antara (intermediate stiffeners)

a) Pengaku antara eksterior

• Perhitungan jarak

Pelat badan 14 mm x2500 mm ; Aw =35000 mnr ; Fvw = 248 Mpa

Ujung eksterior : Vu= 1359,184 kN (Tabel 5.24)

Pada kekuatan paska tekuk panei ujung (yakni aksi medan tarik) tidak

diperkenankan untuk digunakan. Persamaan 3.44 menggambarkan kekuatan geser

nominal Vn dari panel ujung semacam ini,

Vn - Cv.(0,6. Fyw).Aw (3 50)

'Ail(f>v 1359,184..10 /0,9
^- v'pa'_u

0,6.1' Aw 0,6.v-248.v35000

asumsi Cv < 0.8

Cv
.03000/.

O^
F

-A;

Cv =
178,5717248 26,1

<0,8

k pcriu = 0,290x26,1

5
k = 5

7,569

.ok

= 0,29

a/h maks = 1,395 ; a maks = 3487,731 mm

diambil a = 3200 mm

(3.32)

(3.30)



• Desain pengaku antara eksterior

Pada jarak 3200 mm

Asl =
F

F
0,15.D.^(1-Cv) V

vst V #'„
18/

Dimana

h -2509,78 mm

t„ = 14 m m

u

v„_Ps-Q,„, 1359,184-1112,451
Vu - !j _5 9,1 84 ! yT. DO =, 190 ' 975Z,V

5000 " ~" ~~ .-'-^

Vu < (J)Vn

Vu = <J)Vn = 1201,275 kN

/. = 5 •

7*v

7 = 5 + -

( 3200 A
-— = 8.076

2509,78

asumsi Cv < 0,8

Cv
303000/t

7/,72

V'W

303000x8,076
7 v = _! = 0.307 < 0.

179,277v248
8 ok

(3.56)

(_>....)

(3.30)

(3.32)



Ast =
248

248^

Kriteria tekuk loka

0,15.vl.v35136,92.v(l-0,307)

. - i /. ^ . 250 250A- b/t < ?., =-7=___- = -7=== =_ 15,875
V77,v ^248

1201,275

1201,275

A

I8.yI4-

I pelat pengaku antara

J—tw

pelat badan

flens

= 124,483////;;

Gambar 5.4 Penampang lintang peiat pengaku intermediate eksterior

Persyaratan kekakuan

Ist ^ Jat..3

,/ = 1A.
fat

•- 2 > 0.5

.7 =
25

7 3200 V

2509,78

2 = -0,462 * 0,5

Isl > 0,5 x 3200 x 143 = 4390400 mm'

Untuk mendapatkan lebar pengaku yang layak maka

2 . /„ 4390400 „
r perlu = —— = __ ^5

Asl 124,483
269,073 /;;/?;

(3.54)



2. ,- t.Wri W2
r tersedia = =

\2.tW 12

W perlu =712x35269,073 = 650,56////;;

b= 0,5.(W - tu )= 0,5 x (650,56 - 14)

= 318,28 mm

b diambil 193 mm

h 193
/ =--•• = - = 12.157//?//.

7. 15,875

t diambil = 14 mm

cek kekakuan :

, _ t.W} _ 14x400
I2 ]2 =74666666,67m//;4>J.a.tu7 =4390400 mm4 ok

digunakan pengaku antara 2PLS-14 mm x 193 mm

a) Pengaku antara interior

• Perhitungan jarak

Pelat badan 18 mm x5500 mm ;Aw =99000 mm2 ;Fyw =248 Mpa

Ujung interior : Vu = 3281,093 kN

kK-peri,, Vu 3281,093.03
~a!T =\Jt: =-£5oo- =33M2MPa =A*°7Ksi

h 5500
— = = 305,556
/.. 18

dengan menggunakan LRFD "Numerical Values Table 10" yang bensi nilai -^
Aw

137
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sebagai fungsi dan h/tu dan a/h. Untuk kasus ini tidak ditemukan nilai tabulasi

untuk 4.807 Ksi dan h/tw =305,556 ini berarti persamaan 3.47 menuendalikan.

a/h maks =

f V

260

li

7 )

260

505.556
= 0,724 < 3.0 (3.53)

kriteria interaksi badan gelagar untuk geser yang dikombinasikan dengan tank
dari lentur.

Ml
(bMn

<0.75

66782,625

67278^7
0,993 > 0,75

Persyaratan interaksi akan mengendaiikan panel

Mu
+ 0.625

<f>Mn ' \^y,n
< 1,375

i'" , 1,375-0,993-—-perlu = —-J = 0,6112
fori 0.625

v Vu 3281,093
V„ perlu = 77^7 = ~rt~i- = 5368.280/. A'

0,71 0,6112

ini

(pynp,rhl 5368,280.103
Aw 99000

coba a/h = 0,7

/ -r 5k = 5 +

[hj
2

0,72
- = 15,204

= 54,225h'/mm2 =7,863A'.y/

(3.37)

(3.38)

(3.30)



asumsi Cv < 0.8

3030007
(. v =

(t, 7

v7;

303000x15,204
( y = —zz—.^- =°>!" <°-8305,356^x248

Vn = 0,6.IV..Aw. Cv
l-Cv

{ 1,1571 + {alhy

139

(3.32)

.ok

(3.35)

'7/ = 0,6x24 8x99000.) 0.199 +
1-0.199

U5Vl+(0,7):
II 337320,7 A'= 11337,32 17.Y

V

<t> Vn =0,9 x 11337,321 = i0203,589 kN xj) Vn pcrlu >368.280kN....ok

jarak maksimum ke pengaku intermediate pertama adalah

a maks = 0,7 x 5500 = 3850 mm

• Interior pada bentang 140 m

Panel 2 : Asumsi bahwa diagram geser linier sehingga pada jarak 3850mm dari

tumpuan interior :

w ^o,.n- 3281,093-3084,072Vu2 - 3281,693 i___± y385o = 3
5000

h 5340,83
= 296,7L

129,387/bV

^y,,-periu = Vif_ 3129,387.TO3
Aw Aw 96134.94

= 32,552MPa = 472Ksi

asumsi bahwa diagram momen adalah variasi linier pada jarak 3850mm momen

terfaktor adalah 61486,402 kNm.



Mu
- < 0,75

<j)Mn

61486,402

66284.754
0,928 > 0,75

Persyaratan interaksi akan mengendalikan panel ini

Mu f Vu '
+ 0.625 —

yvnj(l)Mn
< 1,375

f» , 1,375-0.928——perlu = — = 0,715
ft'" 0.625

<l)V1!peril! Y}*__ 3129,387
0,869 ~ 7).7l7 = 4376.765/7Y

^>!/>W„ 4376.765.103
= 45,527N /mm2 = 6,601 AT../

A w

a/h maks

96134,94

f V

260 260 Y

296,713j
V '«• J

0,768 < 3.0

140

(3.37)

(3.38)

(3.53)

a maks = 0,768 x 5340,83 = 4100,93 mm

digunakan spasi pengaku sebagai berikut dimulai dari tumpuan interior : 1(3700
mm) dan 17(3900 mm).

• Desain pengaku antara

Pada jarak 3700 mm

F
Ast=^\0,l5.flAX\-C\)-~f--n,l

0K, jy.s, V
(3.56)



Dimana :

h -5347,032 mm

tu = 18 mm

D = 1

Vu - 3281 09^ _7281,093-30847)72
5000

700 = 3135.297.. .V

Mu

(pMn
<0.75

61692,748

66323^470
= 0,930 > 0,75

Mu { Vu
+ 0.625 —

tpMii \<j>Vn
175

a , 1.375-0,930perlu = ' .= 071?
(f)Vn 0.625

<!>vnrcriu Vu 3135,297

0,862 0,712

k =5 +
fa^2

^ J

3
.7 = 5 + -

' 3700 '

v5347,032;

asumsi Cv < 0,8

Cv =
-03000/V

7/?7
/<'

v'w

= 15,442

4403,5077V

14i

(3.37)

(3.38)

(3.30)

(3.32)



r, 303000x15.442

fv =T97557^F =0-2,4<0-8 ok

248

248 7

Kriteria tekuk loka

0,15x!x96246.576x(l-0,214) 3135,297

4403.507

>-=--b/l< ?.,.=-
250 _ 250

JFtl ~ a-248
5,875

X pelat pengaku

J—tw

pelat badan

HH
flens

W

142

!8xl82 = 2247,4/w/r

Gambar 5.5 Penampang Imtang pelat pengaku intermediate interior

Persyaratan kekakuan

1st > Jatw3

./ =
2 5

r'v-2-0-5
JJ

I -
2,5

(' 3700 V

[5347,032 j

-2 = 3.221

Isl>3,221 x 3700 x 183 =69506214,22 mm4

(3.54)



Untuk mendapatkan lebar pengaku yang layak mak.

2 , /„ 69506214 22
r Perlu = -=- = ——-—— = 30927.389/;;/;,2

/L 2247',4

2, ,. t.W3 H'2
r tersedia = __•

12./Jf 12

143

Wperlu =^12x30927,389 = 609,203//;///

b = 0,5.(W - t„.) = 0,5 x (609,203 - 18)

= 295,602 mm

b diambil 210 mm

/_ h __ 2101 ~ . "- •;—:— = 13,228/?///;
7. 15,875

i diambil = 14 mm

cek kekakuan :

_ t.W' 14x4383
'•" ~~77~ ~—j7— =98032284/m»4> J.a.f/ =69506214,22 mm4 ok

digunakan pengaku antara 2PLS-14 mm x 210 mm

• Interior pada bentang 70 m

Panel 2 : Asumsi bahwa diagram geser linier sehingga pada jarak 3850 dan

tumpuaan interior:

v..-r>si..<n 3281,093-2438,927,.Vu - ..281,093 __ 1 .t385o =2632,625/bV
5000

h 5181,281
— = ' = 287,849
/... 18

Wn-pcHu Vu 2632,625.103
~^T =ttw ="93263,058^ =2^22U1Pa =4>093K"
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asumsi bahwa diagram momen adalah variasi linier pada jarak 3850mm momen
terfaktor adalah 61486,402 kNm.

Mu
< 0.75

<pMn

6^1486,402
65111,066

= 0,944 > 0,75

Persyaratan interaksi akan mengendalikan panel ini

Mu _. f Vu
+ 0.625 —

(bMn (j)\''n
< 1.375

'-'» . 1.375-0,944
perlu = ——_ = 0.690

(hVn 0,625

Av - Vlt 2632.625<? Vnper!u - = : __, -501 7 £ 10/.a/
0,690 0 690 -S,/'G1-^

V^p.nu 3817.612.103
Aw

a/h maks =

93263.058

7 7

260

/;

v 7 ,

40,934A' Imm2 = 5,935A:../

.60 7

7287,849;
0,816 < 3,0

(3.37)

(3.38)

(3.53)

a maks = 0,816x5181,281 =4227,216 mm

digunakan spasi pengaku sebagai berikut dimulai dari tumpuan interior : 1(3800
mm) dan 15(4200 mm).

• Desain pengaku antara

Padajarak3800mm

Ast =
F

0,15.D.4. (1-C7)-^ i8/r (3.56)



Dimana :

h =5185,42 mm

t„ = 18 mm

D = 1

v..--.Qino- 3281,093-2438.927Vu - ^281,09, : .r3800 = 2641,0471A-.V

Mu_
(f)Mn

<0,75

61555,184

65_3<U-4
0,945 > 0,75

Mu_
(pMn

f ,/„ .
0,625

K<pVnj
< 1,375

u , 1,375-0.945—perlu = = 0,688
(bVn 0.625

V,
yu 2641,047

= 3 83 8,543AWn periu

0,688 0,688

.7 = 5 +
^aV

ynj

k = 5 +
f 3800

5185,42

asumsi Cv < 0,8

303000/t
Cv

fh)
F

v',y

14,311

145

(3.37)

(3.38)

(3.30)

(3.32)



n 303000x14,311
V=Y8lci7^7^ =0'2n<0'8 ok

1st =
248/

248 v

Kriteria tekuk lokals

0, ,2641,047,. 5.vl,93337.56(, - 0,21 l)^i^ _,8j, g, 1 ,768,6W
3838.543

} _ ,, 250 250 t
A - o/t < A, =-p=- = -^_______- = !5^875

'/•;,,, V248

T pelat pengaku

-*—tw

pelat badan

w
-..- -

flens

Gambar 5.6 Penampang lintang peiat pengaku intermediate interior

Persyaratan kekakuan

I3t>Jatu3

^^-2,0,5

17

./ =
2.5

f 3800 ^2
5185,42

•2 = 2,655

1st > 2,655 x 3800 x 183 = 58844038 11 mm

Untuk mendapatkan lebar pengaku yang layak maka

(3.54)

146



rnerl,.- 7« 58844038,11
r^r,u~x=^iuir=33275'957^

r tersedia
_t.IV* _ W1
U.i.W ~~\2

W perlu =v'l2x33275^957 = 631 91 I/;;///

b=0,5.( W- tu )=0,5 x(631,911 - 18)

= 306,955 mm

b diambil 190 mm

, b 190

^ ="i^877 =H'969/WM

t diambil = 12 mm

cek kekakuan :

t.l r/.

i - .
I2x3983

12 ~ n =63044792/m/;4> J.a.tu3 =58844038,11 mm4

digunakan pengaku antara 2PLS-12 mm x 190 mm

5.12.2 Pengaku Tumpu (Bearing Stiffeners)

a) Desain pengaku tumpu interior

220 mm

25 tw = 450mnf'""

Gambar 5.7 Penampang lintang pengaku tumpu pada tumpuan

460;

mm

.ok

interior

147



W= -
460 -18

= 221/////; ; diambil 220 mm

• kriteria stabilitas kolom :

K.l. h
= () 75 _7

r ' r

r * 0,25x458= 114,5 mm

K.L 0,75x5500

—*-t^j-=36'026

dengan menggunakan LRFD tabel 3-36 -Numerical Values" ditemukan,
<7 Fcr= 28,577 Ksi =197,038 Mpa (untuk baja A36)

„ __„ 7>" _ 3281,093.103
"perlu — = 16652,082•bF

c c r 197,038

perlu
1665^082-450^-18

2x220
= 19.437//;//;

kriteria tekuk lokal

W

250

V77'»-

t . =
' mm

220

TTTfT

7248

= 13,858/;;///

• kriteria tekuk lokal dengan menggunakan luas bidang kontak (Apb)
(j) Rn > Pu

Rn = 2.Fy.Apb

A pb - perlu
Fu 3281,093*10-'

(ff.l.Fy 0,75x2x248 = 8820,142mm2

148

(3.44)

(3.47)

(3.48)



estimasi untuk memperhitungkan las fillet = 12.7 mm

Api, = 2x(220- 12,7)xt

8820,142
tr,e.!a= ! = 21,274

2x207,3

kriteria tekuk lokal dengan menggunakan luas bidang kontak mengendalikan,

t dipakai = 22 mm

• cek rasio lebar terhadap tebal

149

W 250
<

(3.47)

220
= 10< 15,875

• cek kekuatan :

A Pn > Pu

1= 1/12 x 22 x 4583 = 176131838,7 mm4

Aeff = 2 x 220 x 22 + 25x 182 = 17780 mm2

/ 1176131838,7
= 99,530

\ Aeff V 17780

K.L = 0,75.h = 0.75 x 5500 = 4125 mm

K.L 4125
= = 41,445

r 99,530

<t> Fcr dari tabel 3-36 LRFD didapat 27,957 Ksi = 192,761 Mpa

<j> Pn =6 Fcr.Aeff= 192,761 xlO"3 x 17780 =3427,286 kN> 3281,093 kN ....ok

• cek kriteria tumpu :

4 Rn > Pu

(3.45)

(3.48)



6Rn = 0,75.2.Fy.Apb

Aph = 2 x (220 - 12,7)x 22 =9121,2 mm2

6 Rn = 0,75 x2x248x10'3 x9121,2 =3393,086 kN >3281,093 kN

digunakan pengaku tumpu interior 2PLS-22 mm x 220 mm

b) Desain pengaku tumpu ekstenor

420 mm

tw= 14 mm

12 tw= 168 mill

150

.ok

Gambar 5.9 Penampang lintang pengaku tumpu pada tumpuan eksterior

, _ 420-14
w ~ = 203//;/// ; diambil 203 mm

• kriteria stabilitas kolom

K.P h
= 0,75.-

r * 0,25x420= 105 mm

KJL_ ^ 0,75x2500
r ~~ 105

17.857

dengan menggunakan LRFD tabel 3-36 "Numerical Values" ditemukan,

i.. Fcr= 30,089 Ksi = 207,461 Mpa (untuk baja A36)

Ae
Pu 1359,184.103

perlu
<j)cFa. 207,461

6551,523

(3.44)

(3.46)



6551,523-168x14
peri,, - —— = 10,344/////;

2x203

kriteria tekuk lokal :

W

15]

L„... = 250 (3.47)

VW

203
'mm - WW~ = ' 2,787//;//;

V248

• kriteria tekuk lokal dengan menggunakan luas bidang kontak (Apb)

<|> Rn > Pu

Rn = 2.Fy.Apb

, __Pu _ 1359,184x103
"*-""*• " d,2.Fy ="075^248" =3653'72(W

estimasi untuk memperhitungkan las fillet = 12,7 mm

Apb = 2x(203-12,7)xt

_ 3653,720
t perlu _ = 9,6/7;//;

2x190,3

kriteria tekuk lokal mengendalikan, t dipakai = 13 mm

• cek rasio lebar terhadaptebal

W 250
— <

' tpy

203

i:

• cek kekuatan

(j> Pn > Pu

15,615 < 15,875

(3.48)

(3.47)

(3.45)



1= 1/12 x 13 x4203 =80262000 mm4

Acir= 2 x 203 x 13 + 12x 142 = 7630 mm2

/"/ /80262000
r V7- =V^^ =I02'562"""

K. L = 0,75.h = 0,75 x 2500 = 1875 mm

K.L 1875

/• 102,563
18.281

152

(|) Fcr dari tabel 3-36 LRFD didapat 30,063 Ksi =207,285 Mpa

<t> Pn = <|> Fcr.Ac)T= 207,285 x 10"3 x 7630 = 1581,587 kN> 1359,184kN ....ok

• cek kriteria tumpu :

*Rn - Pu (3.48)
(|)Rn = 0,75.2.Fy.Apb

Apb = 2 x(203 - 12,7)x 13 = 4947,8 mm2

i> Rn =0,75 x2x248x10"3 x4947,8 =1840,582 kN >1359,184 kN ok

digunakan pengaku tumpu eksterior 2PLS-13 mm x 203 mm



5.13 Perhitungan las

a) Sambungan Flens kepelat badan

Ukuran las min a = 5/16 in = 8 mm (SMAW)

_ A _A_ FuL
a maxcfcklil'-" 0,707 L

F,
AX.

A.,A 400x14
0,707 = 8.203//;///

482,65

Untuk E70 (482,65 MPa) ahran geser ^^
Ix

h t
\

[2 2)

75500 807
— + —

2 2)
36800x = 102672000m/??3

Vu = 3281,093.103N

Ix = 0,82251.1012 mm4

Vu.Q 3281,093. 107.1 02672000

Ix 0.82251.1012
409,571 Nl mm

133

samakan kekuatan dua las fillet dengan —±- •
Ix '

Rnw = a.0,707.0,6.FEXX

2 x a x 0,707 x 0,6 x 482,65 = 409,57

a pcriu = 1 mm < 8,203 mm

gunakan las 5/16, E 70 menerus pada kedua sisi pelat badan. Kekuatan desain

(}>Rnw untuk las menerus pada kedua sisi pelat badanadalah :

<|>Rnw = 0,75 x 2 x 0,707 x 8,203 x 0,6 x 482,65



= 2519,225 N/mm

b) Sambungan pengaku kepelat badan

Data :

h = 5500 (tabel 5.25)

Fy= 248 Mpa ; E = 200000 Mpa

Fu = 400 Mpa

F].xx = 70 Ksi = 482,65 Mpa

11 = 18 mm

./;„•= 0,045./JM"'
\ F

^24¥
0,045x5500

\ 200000

ukuran las minimum a = 3/16 in = 5 mm

amaxc_.-k.il- 0,707^i =0,707-4-°°^ =]0547//;//?
FKVX 482,65

kekuatan las nominal :

RnW = a.0,707.0,6.FEXx

= 5 x 0,707 x 0,6 x 482,65 = 1023,701 N/mm

o/i i ♦ • ..,, 2161.413/4
% las kontinu 3/16 = v]00 = 5". 784%

1023,701 " """'

untuk las terputus-putus, segmen minimal 38 mm

. , 38x1023,701pitch max = —_—^_ = 71,99 « 1Xmm
2161,413/4

gunakan segmen 5mm-38mm dengan pitch @71mm, elektroda E70 (282,65

Mpa)

2161,413 N/mm
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5.14 Kontroi Lendutan

Pada saat pelaksanaan momen lentur yang terjadi diakibatkan oleh berat

sendir, gelagar dan beban titik (akibat berat alat). Lendutan yang terjadi dihitung

berdasarkan pengintegrasian persamaan momen lentur. Adapun langkah-

langkahnya sebagai berikut.

• Lendutan akibat beban titik

1

A D

• 400 kN I 800 kN

L= 70 m , L= 70 m

Persamaan momen :

M(x) = -400.x + 800. (x-L) kN-mm

Persamaan kernmngan :

400 kN

I

H

fM7_l =-L[A^(x)6/x +ri
dx FAJ

f[vW =_L fM(x)dx +a =—f{- 400.x +800.(x - LJfa +(
dx EIJ bll

= __L L200x2 +400(x - Lf }+ 71
i:r

Persamaan lendutan :

y(x) =-LjJM(x)dxdx +C\x +C2 =—11 <dM.dx +C2
dx

—f{- 200x2 +400(x - Lf +a}lx +72
FA J l



200x' 400(.r-A)M

kondisi batas :

pada titik A(dukungan sendi) x= 0 mm dan y= 0 mm, diperoleh

200.0"' 400(0 - 70000)3'
*A) =T,

0 = —{-0 +0J+0 +C2
EI C i

+ C1.0 + C2

-• C2 = 0

pada titik B (dukungan rol) x - 70000 mm dan y = 0 mm, diperoleh

.... 1 J 200.70000' 400(70000-70000)']y{B) =~l7]\ ; +— ; -U CI.70000 +0

3*7 r
200.700003 +o}+CI.70000 +0 • CI 200.700002

dengan nilai CI dan C2 tersebut persamaan umum lendutan menjadi

, , if 200a-' 400(.v-L)' 200./.2a-1y(x) = —{ + i >— + 1
El\ 3 3 3 J

lendutan pada titik x = 5000 mm:

ElJtL

156

V,vl =

200.0,099232.1012

200.5000-' 400(5000-70000)-' 200.700002.5000"

81.879 mm

untuk titik yang lainnya dapat dilihat pada tabel 5.26

Tabel 5.26 perhitungan lendutan akibat beban titik

Lokasi X

(mm)
Inersia

(mm4)
Lendutan

(mm)
1 0 97940998026.67 0.000

2 5000 99232127291.30 81.879
->

3 10000 103164539897.06 155.092



I 1500C) 109916841601.4C> 212.661

2000C 119791815467.96 250.434

6 2500C 133224090454.03 267.407

7 3000C 150790894229.45 265.268

8 35000 173225907070.70 247.509

9 40000 261858316844.05 168.030

10 45000 305947780612.73 140.955

11 50000 360033350004.24 111.101

12 55000 425924716661.52 80.707

13 60000 577012432403.35 45.060

14 65000 688456962600.81 21.243

15 70000 822511513333.33 0.000

16 75000 753755510403.29 -23.936

17 80000 693318644540.63 -56.732

18 85000 640399760301.09 -99.352

19 90000 594284492325.93 -152.564

20 95000 554339573864.15 -216.850

21 100000 520007647578.27 -292.303

22 105000 490802576692.44 -378.547

23 110000 466305254637.53 -474.653

24 115000 446159911544.54 -579.109

25 120000 430070916133.77 -689.809

26 125000 417800071742.97 -804.113

27 130000 409164405432.81 -918.946

28 135000 404034449301.43 -1030.956

29 140000 402333013333.33 -1136.703

• Lendutan akibat beban merata

X

E
2-q

L = 70m

Persamaan momen :

M(x) = (-y2q.x2 + 2q.L(x-L))

Persamaan kemiringan :

dy(x)

dx El
-\M(x)dh + CI

7
L = 70m

H
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dy{*) ir i ,.
^1WW +CI =—S{rm.qS+2.q.L.(x-/.)}&+ cdx

= ] J ^
EI [ 6

Persamaan lendutan

+ c/.F(x-L)H + Cl

-V(-Y) =tV ffA/(-v)^_v +ri.v +c2 =—f7M77>£/
7'/JJ 7:7 J dx ix + C.2

lj\\-^+vMx-rf+C.\\dx +C2
EI { 6

__ 1 J </..v4 g.P(x-Pf]
~M"^~3 \+™* +™

kondisi batas :

pada titik A(dukungan sendi) x=0mm dan y=0mm, diperoleh

v.A.- 1 / ^-°4 7-/70-Z.)3]>(Ah-—^- +—^- +C1.0 +C2

° =777(-0 +0}+0 +C2 • C2=0

pada titik B(dukungan rol) x=Lmm dan y=0mm, diperoleh

y(B).±{__£+^J+cu+(,2

°=ifi£}+t1/-+0 ~^ c^7_§
dengan nilai CI dan C2 tersebut persamaan umum lendutan menjadi :

y(x) =±L^-+(LLPPlzJl_ +SbM
EI \ 24 3 24
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lendutan pada titik x = 5000 mm

y<x.

200.0,099232.10'

-_> / ,_0.. mm

KU78.10 -'.5000^ 10,378.10 '70000(5000 - 70000)'
24 ,

10,378.10'70000750001
24 !

untuk titik yang lainnya dapat dilihat pada tabel 5.27

7abel 5.27 perhitungan lendutan akibat beban merata(berat sendiri)
Lokasi X

(mm)
Inersia

(mm4)
Lendutan

imml
1 J 97940998026.67 o000
J- 500 3 99232127291.3 3 37 353
5 1000(3 103164539897.06 7t 67s
I 1500(} 109916841601.46 100^07

;

2000C> 119791815467.96 120 926
i 2500C 133224090454.0Z 132 8?4

3000C 150790894229.45 135.927
8 35000 173225907070.70 131.108
9 40000 261858316844.05 92.145

10 45000 305947780612.73 80.098
11 50000 360033350004.24 65.457
12 55000 425924716661.52 49.312
13 60000 577012432403.35 28.552
14 65000 688456962600.81 13.957
15 70000 822511513333.33 0.000
16 75000 753755510403.29 -16.768
17 80000 693318644540.63 -40.415
18 85000 640399760301.09 -71.424
19 90000 594284492325.93 -110.090
20 95000 554339573864.15 -156.462
21 100000 520007647578.27 -210.301
22 105000 490802576692.44 -271.033

-

23 110000 466305254637.53 -337.732
24 115000 446159911544.54 -409.125
25 120000 430070916133.77 -483.624
26 125000 417800071742.97 -559.387
27 130000 409164405432.81 -634.414
28 135000 404034449301.43 -706.661
29 140000 402333013333.33 -774.159



Tabel 5.28 Perhitungan lendutan total

Lokasi Lendutan akibat
beban tilik

(mm)

Lendutan akibat
bcbean merata

(mm)

Lendutan total
(mm)

1 00°o 0.000 oooo
.
2 81.879 37.35.5 119.232
' 155.092 71.67 s "'26.767

i 1 212.66 100.207 312 868
£

' 250.434 120.926 -,7, i^
C> 267.40;; 132.82^1 400.230

265.268 135.927 401.195
8 247.509 131.108 378.617
9 168.030 92.145 260.174

10 140.955 80.098 221.054
11 111.101 65.457 176.558

2 80.707 49.312 130.019
13 45.060 28.552 73.612
14 21.243 13.957 35.201
15 0.000 0.000 0.000
16 -23.936 -16.768 -40.703

1 -56.732 -40.415 -97.147
18 -99.352 -71.424 -170.776
19 -152.564 -110.090 -262.654
20 -216.850 -156.462 -373.312
21 -292.303 -210.301 -502.604
22 -378.547 -271.033 -649.579
23 -474.653 -337.732 -812.385
24 -579.109 -409.125 -988.234
25 -689.809 -483.624 -1173.432
26 -804.113 -559.387 -1363.499
27 -918.946 -634.414 -1553.360
28 -1030.956 -706.661 -1737.617
29 -1136.703 -774.159 -1910.862
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