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Construction Design References ©

Meianika Tanah Oleh : Dr. Ir. D. Westley . Badan Penerbit Pekerjaan Umum
Foundation Analysis and Design, by J.E. Bowles

Ograturan Pembebanan Indonesia 1983

Peraturan Beton Bertulang Indonesia 1990

Peraturan Beton Bertulang indonesia 1971

‘Peraturan Perencanaan Bangunan Baja Indonesia 1983

Peraturan Konstruksi Kayu Indonasia 1970
Duich Cone Test {Sondir) and Bor Log - Soil Investigation Laboratory

Load Data and Specific Gravity of Several Construction Material :

1 Wind Load = 40 kg/m2
2 Rain Load = 100 kg/m2 for every 10 cm thickness

3 Live Load = 500 kg/mz ¢

4  CeilingLd = 75 kg/m2
5 Roof Frame = 150 kg/m2
6 Roof Cover = 150 kgfm2
7 Specific Gravity ~Concrete = 2.400 kg/m3
8 3pecific Gravity ~Steei = 7.850 kg/m3

9 Specific Gravity ~Mortar = 2.200 kg/m3

10 Specific Gravity ~Water = 1.000 kg/m3

11 Specific Gravity ~Sand = 1.800 kg/m3

Standard Quality Of Several Material

1 Plain Reinforced Concrete Steel U-24 , mean gau = 2.400 kg/cm2-> cau’ = 1.600
2 Deform Reinforced Concrete Steel U-32, mean gau= 3.200 kg/icm2-> ogau’ = 2.133
3 MessReinforced Concrete Steel ST-37, mean gau = 3700 kg/cm2—>gau'= 2.467
4 Sub Structural Concreto K-225, mean obk’= 225 kglcm2

) Super Structural Concrete K-175, mean cbk'= 175 kglem2

6 Non Structural Concrete K-125, mean abk’= 125 kg/cm2

Structural ldealization :

Rocf Structure is idealized simply supported on the Composite Concrete Structural Frame. So There is only
Axial gravitation and wind lateral force acted on each simply support. No Torcue of Momer at ali.

The concrete structural frame is idealized as rigid composite cuncrete frame fixed supperted on the foundz-
tion. So there are several forces acted to the based of each collumn :

a. Axial Gravitation Load.

b. Wind Lateral / Horisontal Load

¢. Moment Load

The foundation is idealised as grid mat foundation combine to deep foundation. There are several assumption

for this combined foundation , such as :

a. Pile or deep drilling strauss foundation prior to be constructed on the proper position and designated
depth of foundation.

b. The structure of the grid mat is fully digid, ail super structure load distributed spreadly to all part of the
foundation.

¢. Before Corcreting the top concrete plate of the grid mat, vertical drain work properly to drain the
excess water on the designed consolidated soil layer , 10 meters.

d. Simuitancusly work between grid mat and consolidated designed soil layer is designed to bear 4 storeys
mosque gravity load and lateral load such as wind load without earthquake load since Kalimantan on
free earthquake zone indicated.
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Brief Descrintion of Soil Investigation Result :

Soil ‘with poor bearing capacity.

Lack of conus bearing ( qc ) on shallow depth shown by decrease of number of blows of Standard Fenetration Test (N)
Soil Investigation recommend deep foundation or pile foindation to 26 meters dopth, taken 30 meters based on:

qc = 200 kgfcm?2 )

JHP = 2158 kglem

Problem Solving Discussion :

Considering the probability of problem will be occurred as follows :

- Foundation is Pile Foundation as the deep foundation. )

- Settiement is being procass after the construction finish and hovse/building occupied, since shallow water level
under ground zero and cohessive soil mechanical behaviour that resist water reiated to deduct bearing capacity and
potential long term setiement will be occurred or settlement after construction which is very dangerous for the sta-
bility of the building.

- Based on this condition, main prebler is water dominated content on bearing soil cause lack of bearing capacity
and settlement occurred during construction and after construction.

- To soive this problem means :

a. Increase soil bearing capacity.
b. Develop settlement during construction.
¢. Eliminated settlement after construction.

Based on the above soil condition and based on the proven simitar case and sub structure system, we design the

following “vertically drained grid-mat foundation system” :

- Develop / implant vertica! drain every +/- 0.75 meter and average to 8 meters depth , to drain the excess water
to reach proper setflement due to building load. ‘

- Develop Grid Mat Foundation to bui's the solid stiff full plate foundation system to eliminate the differential settie-
ment probably occurred during the construction period (immediete settiement) due to building load and prepared
vertical drain. This Grid Mat is constructed from designed ground beam 30x60 cm sectional dimension which
is monolith constructed with ground slab.
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. Loading Calculation :
1.1. Loading Of The Roof Floor :
1.1.1. Dead Loading Of The Roof Floor :
a. Roof Wooden frame = = 150 kg/m2
b. Ceiling Frame & Cover = = 75 kg/mZ
c. Roof Cover [ Genteng = = 150 kg/m2
Total Dead Load Of The Roof Floor {Qdl) = 375 kg/m2
1.4.2. Live Loading Of The Roof Floor :
a. Rain Water 20 cm thick = 0,2 x 1000 = 200 kg/m2
b. Wind Load = = 80 kg/m2 -
c. Working Load = = 100 kg/m2
Total Live Load Of The Roof Floor (Qdl) = 380 kg/m2
Design Load 2nd Floor = 1,5 (Qdi+Qil) = 1.133 kg/m2
i.z. Loading Of The 2nd, 3rd & 4th Fioor:
1.2.1. Cead Loading Of The 2nd, 3rd & 4th Floor :
a. Concrete own weight = 0.12 x 2400 = 288 kg/m2
b. Ceiling Frame & Cover = = 75 kg/m2
c. Floor Mortar & Ceramic = = 110 kg/m2
Total Dead Load Of The 2nd. 3rd & 4th Floor (Qdl) = 473 kg/m2
1.2.2. Live Loading Of The 2nd, 3rd & 4th Floor :
a. Rain Water 10 cm thick = 0.1 x 1000 = 100 kg/m2
b. Working Load = = 500 kg/m2
Totai Dead Live Of The 2nd, 3rd & 4th Fieor (Qi} = 500 kg/m2
Cesign Load 2nd Floor = 1,5(Qdi+Qll) = 1610 kg/m2
1.3. Loading Of The 1st Floor (Ground Floor) :
1.3.1; Dead Loading Of The Ground Floor :
a. Concrete own weight = 0,12 x 2400 = 288 kg/m2
b. Pasir Urug Pondasi = 0,25 x 1820 = 450 kg/m2
Total Dead Load Of Ground Floor (Qdl) = 738 kg/m2
1.3.2. Live Loading Of The Foundation :
a. Rain Water 5 cm thick = 0,05 x 1000 = 30 kg/m2
b. Working Load = = S00 kg/mZ
Total Live Load Of Ground Floor (Qll) = 550 kg/m2
Design Load 2nd Floor = 1.5(Qdi+Qit) = 1.932 kgim2
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1. Total Building Weight Calculation (TBW) :

TBW = 15x L (Qdli+ Qi)

TBW = (1.133+3x 1610+ 1.932)

TBW = 7.893 kg/m2 = 7.89 tonim? = 0.789 kgicm2
Luas Bangunan  (A)= 1.225 m2
Total Beban = TBW.A = 9.668.925 kg

Total Beban = TBW . A 5669 ton

Il. Soil Bearing Capacity Calculation :

11.1. Based on the worst Surabaya soil investigation data ( @=20°), since shallow drilling can't be done
on those area (wet mud layer and difficult to take sample for laboratory test) - First Assumption :

Refer to JE Bowles : Foundation Analysis and Design’
qut = 12cNc+qNq+04.J.B.NJ
Where :

Angle of Repose of Dense Silty Soit @ =20°t0 30° . Take @ = 20°
-====> Found From Tatle 4-1 (Reference 1) :

Nc = 17,70
Nq = 7.40
N = 5,00
Nc' = 11,60
Ng = 3,90
N = 1,70

[ = 170000 kg/m3= 126 pcf

Depth= 10000 cm = 3,33 feet

q =/ .Depth = 420 psf

¢ =q/Nc = 23.71 psf

B = 3B/ m = 105 feet

qut = 1.3c.Nc+q,Nq+0,4.1'.B.N!

qut = 13x2371 x 177 +420x 74 +0,4x% 126x 35 x5

quht 30.096.3 psf = 16,7 kgiem?

Safety = q uttimate/ TBW
Safety = 16,7 / 0,789

Safety = 21.2 ====> before drained by vertical drain the foundation is safe supported
before fully construction loading.
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111.2. Based on worst investigated soil data ( second assumption @=F°) :

Refer to JE Bowles : “Foundation Analysis and Design’

quit =

Where

13cNc+qNg+C4.[.B.N{

Angle of Repose of Dense SityClay @ =5°
*====> Found From Table 4-1 (Reference 1) :

Nc = 7.30
Ng = 1,60
N = 0,50
Nc' = 6,70
Nq' = 140
N = 0,20
| = 1.70000 kg/m3= 126 pcf
Depth = 10000 cm = 3.33 feet
q =[.Depth = 420 psf
c =q/Nc = 5750 psf
B = 324m = 97 2 feet
quit = 1,3c.Nc+q.Nq+0,4.j'.8.N,‘
quit = 13x575x73 +420x16+04x126x39%x05
quit = 36653 pof = 2.0 kgoml
Safety = q ultimate/ TBW
Safety = 2,0/ 0,789
Safety = 2,535 ====> after fully drained by vertical drain the foundation is safe supportec
after fully construction loading.

IV. Foundation Dimension Design :

V4. Checking The Heaviest Load Of The Column ( Calculated with tributary area method ) :

Pu_1=

Pu_1

Pu_t=
Pu_1=
Pu_2=
Pu_2=
Pu2=

Pu_2=

Area Tributary x L (Q-dl + Q- (1.133+3x1610+ 1.932)
(7.2/2+6/2)*(7.212+12)"3( 1932)  + (7.212+612)"(7,212+6/2)"( 1610)
322605.36 kg

323 ton
Area Tributary x I (Q-dl + Qi
(6/2+612)"(7 212+6/2)°4°( 1932)

3060288 kg

306 ton
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Pu_3 = Area Tributaryx I (Q-dl + Q-
Pu_3= (7.2121(7.21)°4"(1932)

Pu_3~ 10015458 kg

Fu 3= 100 ton

Hence , The Heaviest Collumn is P_1 = 323 ton

Column Diameter = 70 cm

Plate Thickness = 15 cm

The Grid Dimension Width = 30 cm

The Grid Dimension Height = 60 cm

Ponds Shearing Area

a. Concote Slap = ((70 + 15)+(15+70) ) x 2 x 15 cm2
Fa = 5100 cm2

b. Concete Grid = ({30+15) * (60+15)) " 4 cm2
Fb = 13.500 cm2

Total Ponds Shearing Area = Fa + Fb

Total Ponds Shearing Area = 18.600 cmZ

For K-300 ====> Found 7 pond= 20.4 kg/lcm2

P ponds Allowed =At x = 379.440 kg = 379 ton>P_1=

IV.2. Grid Dimension and Reinfocement :

Top Eflips Dimension Shortest Radius (a} = 2.8 mete:

Top Efips Dimension Longest Radius (b). = 4.8 meter

Bottom Ellips Dimension Shortest Radius =
Bottom Ellips Dimension Longest Radits =

q _distributed = Pu_2 / I Lrib_i

G _distributed 59.000/(48+68+68)
M_max = 1/12x q_distx L*2

M_max = 1/12x 3207 x 6,82

M_max= 1235764 kg.m

M_max = 12,36 ton.m
Q max= 12xqdistxL

Q_max= 1/2x 3207 x68 =

48 meter = (a< 2" h_rib)

6.8 meter = (b+2*h_rib)

= 3207 kg/m’

10.904 kg = 10,90 ton

323 ton (ok)
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IV.2.1 Grid Flexural Reinfocement :

Cu h

15
2x ko x obk’ x b

Cu

16592025
100q= 42
A" = 42100°30°54*2°05"175/2780

A = 5076259 cm2

IV.2.2 Grid Shearing Reinfocement :

Tbz= Qu/(bxz)

Tbz= "15xQmax/(bxz) .
Tbz= "15x10904/(30x09x64)
Toz= 95 kg/cm2

Used @ 8-150 :

Tau* A_au'xoau‘le(bxas)

Tau* 3.14/4* 082 x 2080 x 2/ (10 x 10)

iV.2.3. Stab Reinfocement :

M_slab_max = /12 x TBWx L*2

*1/12 x 4674 x 2,82

M_slab_nwax
M_slab_max = 3053,68 kg.m

Slab Thickness = 15 cm

20096
1.32665

D16
D13

Used 4D16 = 8,04 cm2 > A (o.k Satisfy the technical requirement )

Tau* = 20,90 kglcm2 > Tbz ( o.k. Satisfy the technical requirement )

TBW = 4674 kgim2 = 467 toniinl= 0.467 kglem?
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Cu= __ h

\/__M_mu_‘lé_

Y 2x ko xabk xb

Cu = 18,56836

100q= 42

A = 42/100°100°125°2°05" (75/2780

A - 310 com2 -
Used 7™M 13 = 925 cm2 > A (o.k Satisfied the technical requiement )
or # M 13-150

IV. Foundation Settlement Control :

- huilding -0,678
v/ em2

Po(1) = (22x16-25x1)= 1,02 ton’'m2 = 0,102 kglcm2
Po(2)= (7.2x16-75x1) = 4,02 ton/m2 = 0.402 kglcm2

Po(3) = (122x16-125x1)= 7.02 ton/m2 = 0,702 kglem2
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Layer Depth m= = ] aP= IS=aRhH
q=1,7xZ z 8/Z= = o 4xlo 4xloxg Po P1 A _h
{m) 1372 16,5/ {kg/cm?2) {mm) {cm)
1 22 5,91 7.50 0,15 06 2,244 0,102 0,702 0.00014 0,28
3.74
2 7.2 1,81 229 0,09 0,36 4,4064 0,402 0,762 7E-05 8,315
12,24 ’ T
3 12,2 1,07 135 0.06 0,24 48776 0,7G2 0,942 0,00011 0,77
20,74 Total Settle-
ment {cm) 1,369
Cc = Compression Index h = sample thickness = 20 mm
Cc = 0,4216 t = "0,848 H*2
' 90 Cv
Cv = Consolidation Index
"3 t = *0,848 (400%2+1000"2)
Cv = *1.8329 x 10 rom2/detik * 90 3
"4,8329 x 10
t = 532.294.372 second
90
t = 17 years
" 90

immediete Settlement will be

occurred afte

in other words the differential settlement will not be occurred, the long te

of building. Average speed of settlement every yea

STRONGLY REFERRENCE AND RECOMMENDATION
IN ORDER TO REACHED IMMEDIETE
BE iIMPLANTED UNTIL 10 METERS DEPTH, IN EVERY 0.

HENCE . SETTLEMENT CALCULATE

r 17 years building construction finished and approximately settle 1,4 cm in

r=1,%cm/ 17 year= 0,8 mm

SHOULD BE APPLIED

SETTLEMENT DURING THE CONSTRUCTION,

U HERE ONLY LONG TERM SETTLEMENT. ...

occurred during the construction process, while long term settlement predicted will be
similar position of building.

rm settlement will be occurred same on every

75 METERS POINT TO POINT OISTANCE....

JERTICAL DRAIN SHOULD
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V. PILE FOUNDATION CALCULATION :
tMaximum Point/Column Load = 323 ton = 322605 kg

Piie is designed to reach more than 26 meters depth or 3C meters depth refer to the following data :

Conus resistance qc = 200 kg/cm?2
Accummulated Friction JHP = 2158 kgfem
Pile Capacity Calculation :

P allowed = JHKP x Circle Lengch /6 + qcx Section Area /3

P allowed = 2158x(4x40)l5+200x40x40l3

P allow= 175.723 kg = 176 ton -—> for 1 single pile
pallow=  527.168 kg = 527 ton --——-> for 3 group pile
Hence P atlowed for 3 pile ‘or 1 column = 527 ton > P_1 Max/Column Load=

—mmmemmneas > OK ....satisfy the required caqpacity

1 X
! { ks

Simitar calcuiation for another position of column listed as following sketch

Sn 3 A GEILND sl

323 ton
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MCSQUE UPPER STRUCTURAL ELEMENTS
STEEL - CONCRETE COMPOSITE ANALYSIS
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Mosque Upper Structural Elements
Sieel-Concrete Composite Analysis

Beam Composite (X Axis)

4+ ~

[}

b

,_—,.

bf

b= L/4 ; L = beam length
b= S ; S = beam space
b= bf + 16t ;t=depth of slab
¢ T T T T p
S R L
' '
i : : it
b S S S S
Y
Tk
) v
6| b= =
l”’ ‘\.
7,2
. ¢
t Slab 120 mm '
= 7200 mm
= 3000 mm
1
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Using  WF450x200x66.2
hf= 446 mm
bf = 199 mm
tw= 8 mm
tf = 12 mm
sSW = 662 kg/m'= 0.6 kN/m' (sw = Self Weight)
b= 7200/ 4 = 1800 - mm
b= 3000 mm } b min = 1800 mm
b= 19+16x120= 2119 mm ]
DATA SPESIFICATION
Steel Grade A-36
Fy = 240 Mpa
fc'= 20 Mpa
Ec= 4700N(fc")= 4700~(20)= 21019 Mpa
Es= 200.000 Mpa
n = Es/Ec = 200000 / 21019 = 9
- Ap max= 4() mm
Ameax = L/360 = 7200 / 360 = 20~,mm
SUPERIMPOSED LOAD
Live Load = 6 kN/m?
Partition = 1 kN/m?
Ceiling = 0,75 kN/m?
Superimposed 7,75 kN/m? Q.LL= 775 kg/m2
DEAD LOAD
Slab= 012x24 = 2,88 kKN/m?
Finishing & Ceiling = 1,6 kN/m?
Bondek t=11mmm 0,13 kN/m? _
QDL= 4,61 kKN/m? Q. DL= 461 kg/m2
LOAD Coefisien Qu=15(QDL+Q_LL)= 1854 kg /m2
1500

i AN

7200

weql = w{l - 4/3(a/ Ly} = w[l - 4/3(1500/7200)%}=

weq2= 2/3w

094213 w

T

weg?2 l

o
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SOLUTION

1) Find Bending Moment
a) DEAD LOAD

Self Weight = 0,600 kN/m'
Slab = 0,94212962962963 x 4,61 x S = (1.94212962962963 x 4,61 x 3
Slab Weight , = 13,030 kN/m'
Total = 13,630 kN/m'
"Others 5% x Total = 5% x 13,6296327777778 = 0,681 kN/m'’
wD = 14,311 kN/m'
MD=1/8wl?= 1/8x 14311 x 7,22 = 92,735 kN-m
Vb=1/2wL= 1/2x14,311x72= 51,52 kN

b) SUPERIMPOSED LOAD

wlL = 0,94212962962963 x 7,75 x S = 0,94212962962962x7,75X3

wlL = 21,905 kN/m'
ML=1/8wl?= 1/8x21,905x7,22= 141,944 kN-m
VL=1/2wL = 1/2x21,905x7,2 = 78,858 kN

Vmax = (14,311 +21,905)x 7,2/2 = 130,378 kN
2) Find Ss (Fb=0.66 Fy)

Fb = 066 Fy = 0.66(240) = 160 Mpa

Zs =MD/Fb=92735000 / 160 = 579593,75 mm®* = 580 cm?

Ztr min = (MD + ML)/ Fb = (92735000 + 141944000) / 160 =

1466743,75 mm3 = 1467 cm?
Imin=(5/384) (wL*)/(Es x A) = (5/384)(14,311)(7200 1)/ (200000 x 40) =
62596314 mm?* = 6260 ¢m*

3) Find Steel Beam with minimum

Zs,min = 580 ¢m?®

Is,min = 6260 cm*
Using ~ WF450x200x66.2

Zs = 1290 ¢m3

Is= 28700 cm?*

As= 84,3 cm?

4) Calculate Characteristic of Composite Section

b= 1800 mm

t= 120 mm

ds = 343 mm =(h{/2+1)
D= 566 mm =(hf+1t)

n= 9

W
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b 2l

Neutral Axis within Cencrete Slab
r= (2 As)/[(b)(ds)]
r = (2x8430)/ (1800x343)
r=0,027308066
nr=9x0,02731= 0245773

y = (ds/2) x [V{(nr)(4+nr)} - n1]

yst
y = (343/2) x [V0,24577 x (4 + 0,24577)} - 0,24577]
y= i33 mm
lc=(by)/(Bn) +ls+ (As)(ds - y)?
Ic= 815605466,7 mm?*
fc = 81561 ¢m*
Scection Modulus
Zbc=1c/ (D-y)= 1883615 mm?3
2= /(L-y) = -6,3E+07 mm?
Zc=ic/y= 6132372 mm*
Neutral Axis in Steel Beam
y = [(bt3)/(2n) + (As)(ds)] / [(b)/n + As] y >t

y = [(1800 x 1207)/(2x9) + 8430 x 343] / {1800 x 120/9 + 8430]
y = 102 mm

Ic = (b3)/(12n) + (bt)/n x (v - 0512+ Is+ As(ds - y)?
Ic= 847758820 mm* ‘
Ic= 84776 cmt
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Section Modulus

Zb=Ic/ (D-y)= 1827066 mm?
Ztc=Ic /(y -ty=  47E+07 mm?
Zc=Yk/y= 8311361 mm?®

Neutral Axis in Steel Beam

y= 102 mm
fc= 847758830 mm?*
Zbc = 1827066 mm?
Zic = -47097713 inm3
Zc= 8311361 mm3

Ic = Second Moment of Area of Composite Section
Zbe = Section Modulius of bottom fiange Steel Beam, Composite Scction
Zic = Section Modulus of top flange Steel Beam, Composite Section
7¢ = Section Modulus of Concrete Slab, Composite Section

Check  Zbc > Ztr? if YES = OK; if NO =not OK
1827066 > 1466744 OK

Check for max Ztr
Zbc,max = [1.35+ 0.35(ML/MD)} Zs
[1.35 + 0.35(141,944/ 92,735)] x (1290000)
2432584,445 > 1827066 OK for using Zbc = 1327066 mm?

5) Control Final Stress

Start
fb=MD/ Zs
fb = 92735000 / 1290000
71,89 Mpa <160 Mpa OK
Finai
top
fb= ML /(n Zc)
141944000/ (9 x 8311361)
1,9 Mpa < (045 x 20) =9 Mpa OK
Bottom
(b= ML/ Zbc= 141944000/ (1827066)
77,69 Mpa <160 Mpa OK
fb=(ML+MD) / Zhx = (141944000 + 92735000) / (1827066)
128,45 Mpa <160 Mpa OK
5
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fb(fincl) MD/Zs+ ML/Zbc = 71,89 + 77,69 =
4 149,58 Mpa <160 Mpa OK
7N
‘ yhear Connector ‘
A Vh = (085 f('bt)/2=(0.85x20x1800x120)/2= 1836000 N
or
Vh=AsFy /2=8430x 240/ 2= 1011600 N}
Vh= 1011600 N = 1011,6 kN

Tabic of Shear Connector (AISC spesification)

-t (c'=20 c'=25 fc'=30
12-50 22,7 24,5 26,2
16 - 65 35,6 . 38,3 41,0
20-75 51,2 56,6 59,2
22-90 69,4 74,7 80,0
Using @ 16 - 65 q= 35,6 kN
N1= Vh/q=10i1,6 /356 = 28,41573
using 30 units
N2 = N1 (( Ztr M)/ {Zs Mmax) -1) / (Ztr/Zs - 1)
= Momen at Concetrated Load = 0 kNm ,
Mmax = Momen max al mid span = 234,679 kNm (MDL + MLL)
Zir= 1827066 mm?
Zs = 1290000 mm®

Using 2 connectors for every section with spacing center to center

wmin= 1@ =4x16= 64 mm

usingv\=bf/2=199/2= 99,5 mm >64mm OK
Space between longitudinal connector is

s=L/(2N/2) =7200/ (2x30/2) = 240 mm
min=60=6x16= 96 mm

max=81=8x120= 960 mm

(&)
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Shear Connecior

199
99,5 49,75
Shear Connector ——t—
@ 16 \rt!j 65 I

7) Control Shear Stress

V= 130,378 kN — ]

fv = V/(dtw)= 130378 /(46 x8) =

fv= 36,54 Mpa < (0.4 x 240) = 96 Mpa OK
8) Control Deflection

A= (5/384) (wL*)/(EI)

(5/384)(21,905 x 72007)/ (200000 x 847758830)

4,52 mm <20 mm OK
9) RECAPITULATION

F¢' = ’ 20 Mpa

Beam Steei Grade A-36

Fy = 240 Mpa

Using, WF450x200x66.2

Shear Connector @ 16-65

i per section 2 units
space 99,5 mm
longitudinal 240 mm
7
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Mosque Upper Structural Elements
Steel-Concrete Composite Analysis

Beam Composite (Y Axis)

b 1.

75

bf

L/12 ;L=beam length
S/2 ;S = beam space
bf+ 6t ;t=depthof slab

75

N
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tSlab = 120 mm
L= 7500 mm
S= 7500 mm
Using  WF450x200x66.2
hf = 446 mm
bf = 199 mm
tw= 8 mm
tf = 12 mm
sw = 66,2 kg/m' = 0,6 kN/m'  (sw =Self Weight)
b= 7500/ 12 = 625 mm )
b= 5/2= 7500/2= 3750 mm } b min = 625 mm
b= 199+ 6x120 = 919 mm
DATA SPESIFICATION
Steel Grade A-36
Fy= 240 Mpa
fc'= 20 Mpa
Ec=  4700V(fc")= 4700N(20)= 21019 Mpa
Es= 200.000 Mpa
n = Es/Ec = 200000 / 21019 = 9
AD max = 40 mm
Ay max= L/360=7500 / 360 = 20,83333 mm
SUPERIMPOSED LOAD
Live Load = 6 kN/m?
Partition = 1 kN/m?
Ceiling = 0,75 kN/m?
Superimposed 7,75 kN/m?
DEAD LOAD
Slab= 0,12x235= 2,82 kN/m?
Bondek t=1 mm 0,13 kN/m?
2,95 kN/m?
LOAD Coefisien
1875
w
I / N\ weql I
- 7500
weql = w([1-4/3(a/L)]= wi1 -4/3(1875/7500)%]= 0,916667 w
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w
weq2
weq2= 2/3w= 0,67 w
SOLUTION
1) Find Bending Moment
a) DEAD LOAD
Self Weight + others = 0,600 kN/m'
Slab= 0,67 x2,95xS=0,67x2,95x1875= 3,706 kN/m'
Total 4,306 kN/m'
Others 5% x Total =5% x 4,306 = 0,215 kN/m'
wD = 4,521 kN/m'
PD = 51,52 kN
VD= (51,52 + 4,521 x7,5) /2= 42,714 kN
MD=1/8 wl2= 1/8x4,521x752= 31,788 kN-m
MD=1/4(PD)L = 1/4x51,52x7,5= 96,6 kN-m
MD = 128,388 kN-m
b) SUPERIMPOSED LOAD
wL = 0,67x7,75xS=0,67x7,75x1,875= 9,736 kN/m'
PL= 78,858 kN
VL= (78,858 + 9,736 x 7,5 )/ 2= 75,939 kN
ML=1/8wl?= 1/8x9,736 x 7,52 = 68,456 kN-m
ML=1/4(PL)L= 1/4x78,858x7,5= 147,859 kN-m
ML = 216,315 kN-m
Vmax = 42,714 + 75,939 = 118,653 kN
2) Find Ss (Fb=0.66 Fy)
Fb=0.66 Fy =0.66(240) = 160 Mpa
Zs = MD/Fb = 128388000 / 160 = 802425 mm3 = 802 cm3
Ztr min = (MD + ML)/Fb = (128388000 + 216315000) / 160 =
o 2154393,75 mm?3 = 2154 cm?
Imin= (5/384) (wL%)/{(EsxA Y=/ 384)(4,521)(7500 4)/ (200000 x 40) =
23282432,56 mm* = 2328 cm*
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3) Find Steel Beam with minimum

Zs,min = 802 ¢cm3
Is,min = 2328 cm#
Using  WF450x200x66.2

Is= 1290 cm3

Is= 28700 cm*
As= 84,3 cm?
4) Calculate Characteristic of Composite Section
b= 625 mm
t= 120 mm
ds= 343 mm =(hf/2 + t)
D= 566 mm = (hf + t)
n= 9
t

—UUUTRER R 1o

Neutral Axis within Concrete Slab
r= (2 As)/[(b)(ds)]
1 = (2x8430)/ (625x343)
0,07864723
nr=9x0,07865=  0,707825
y = (ds/2) x [¥{(nr)(4+nr)} - nr]
(343/2) x [V{0,70783 x (4 + 0,70783)} - 0,70783]

192 mm
Ic= (by?)/(3n) + Is + (As)(ds - y)?
Ic= 643052430 mm*
64305 cm*

yst
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Section Modulus
Zbc=Ic/(D-y)= 1719392 mm?
Ztc=Ic /(t-y)= -8931284 mm?
Zc=1Ic/y= - 3349231 mm?
Neutral Axis in Steel Beam
y= [®®)/(2n) + (As)(ds)] / [(bt)/n + As] y>t
[(625 x 1202)/ (2x9) + 8430 x 343] / [625 x 120/9 + 8430]
142 mm
Ic = (b)/(12n) + (bt)/nx (y-05 t)2 + Is + As(ds - y)
693613763,3 mm*
69361 cm*
Section Modulus
Zbc=Ic/(D-y)= 1635882 mm’
Zte=1Ic /(y -y= 31527898 mm?
Zc=Ic/y= 4884604 mm?>
y = 142 mm Neutral Axis in Steel Beam -
Ic= 693613763,3 mm* Second Moment of Area of Composite Section
Zbc = 1635882 mm? Sect Mod of bottom flange Steel Beam, Comp Sect
Ztc = 31527898 mm? Sect Mod of top flange Steel Beam, Comp Section
Zc= 4884604 mm? Sect Modulus of Concrete Slab,Composite Sectior:
Check Zbc>Ztr? if YES = OK; if NO = not OK
1635882 > 1154394 OK
Check for max Ztr
Zbe,max = [1.35+ 0.35(ML/MD)] Zs
[1.35+0.35(216,315/ 128,388)] x (1290000)
2502211,457 > 1635882 OK for using Zbc = 1635882 mm®
5) Control Final Stress
Start
fb=MD/Zs= 128388000/ 1290000
fb= 99,53 Mpa <160 Mpa OK
N L.
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Final Top
fo=ML /(nZc) 216315000/{(9 x 4884604)
4,92 Mpa < (0.45 x 20) =9 Mpa OK
Bottom : :
fb= ML/ Zbc= 216515000/ (1635882) :
132,23 Mpa <160 Mpa OK
fb= (ML+MD) / Zbc = (216315000 + 128388000)/(1635882)
130,71 Mpa <160 Mpa OK

fo(final) MD/Zs+ML/Zbc= 99,53 +132,23=
141,76 Mpa <160 Mpa OK

6) Shear Connector
Vh = (0.85 fc' b t)/2 = (0.85 x 20 x 625 x 120)/2 = 637500 N}

or I\J Vh= 637500 N
Vh=AsFy/2=8430x240/2= 1011600 N, 637,5 kN

Table of Shear Connector (AISC spesification)
-t fc'=20 f'=25 1c'=30

12-50 22,7 24,5 26,2
16 - 65 35,6 383 41,0
20-75 51,2 56,6 59,2
22-90 69,4 74,7 80,0
Using @ 16 - €5 q= 35,6 kN
N1= Vh/q=637,5/356= 27,907303
using 18 units

N2=  NI((Ztr M)/(Zs Mmax) - 1) / (Ztt/Zs - 1)

M= Momen at Concetrated Load = 244,459 kNm (MDPL + MLPL)
Mmax = Momen max at mid span = 344,703 kNm (MDL + MLL)
Zua= 1635882 mm?

Zs= 1290000 mm?

N2= 18 x[(1635882 x 244,45v)/ (1290000 x 344,703 - 1] / (1635882/1290000 - 1)

6757674115 vsing 8 units
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Using 2 connectors for every section with spacing center to center

wmin=4@=4x16= 64 mm

usingw=bf /2=199 /2= . 99,5 mm > 64 mm OK

Space between longitudinal connector is

s=L/(2N/2 =7500/ (2x18/2)= 417 mm

Check

min=60=6x16= 96 mm

max=8t=8x120= 960 mm 19?_

99,5 50

Shear Connector —t—

Shear Connector 216 65

7) Control Shear Stress

V= 118,653 kN
fv=  V/(dtw)= 118653 /(446 x8)=
fv = 33,25 Mpa < (0.4 x 240) = 96 Mpa K

8) Control Deflection

A= (5/384) (WLY)/(EI)
(5/384)(9,736 x 75004}/ (200000 x 693613763)
i 2,89 mm < 20,83 mm OK
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9) RECAPITULATION

Fc'= 20 Mpa
Beam  Steel Grade A-36
Fv= 240 Mpa

Using WF450x200x66.2
Shear Connector & 16-65

per section 2 units
space 99,5 mm
longitudinal 417 mm
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Mosque Structuréd Elements
Concrete Slab-Bondex Composite Analysis

72

tSlab = 120 mm
= 7200 mm
= 3000 mm

DATA SPESIFICATION

Bondek

sheeting 0,75 mm

Fy = 500 Mpa

Fb= 0.6 x Fy = 0.6 x 500 = 300 Mpa
fc'= 20 Mpa

fc' max= 0.45x fc'=045x20= S Mpa
Ec=  4700N(fc')= 4700¥(20)= 21019 Mpa
Es= 200.000 Mpa

n = Es/Ec = 200000 / 21019 = 9,5

Ap max = 40 mm

Ay max = L/360 =7200 / 360 = 20 mm

SUPERIMPOSED LOAD

Live Load = 6 kN/m?
Partition = 1 kN/m?
Ceiling = 0,75 kN/m2
Superimposed 7,75 kN/m?

DEAD LOAD
" Slab= 0,12x235= 2,82 kN/m?
Bondek t =1 mm 0,1 kN/m?
2,92 kN/m?
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A A
A A A 6 A 3 A
b
~— —e s
kd NA 7- -C
AT =
IR0 N— Y S W At Ll
fs
fs' = "steel” stress at level of top fibre
fc = concrete stress, top fibre = fs'/n
fs= (d-y)/y * fs' = steel stress at depth "d"
] kd = depth to elastic NA (Neutral Axis)
n= Es/Ec
As = Bondek Area
C = total concrete compression force
T = total steel tension force
BONDEK properties
t bondek 0,75 mm
(from table 1)
Znt= 10,8 cm3 Top Sheeting Modulus elastic moduius, top of rib, negative moment regjions (tensile stress)
Znb= 11,16 cm3 Bottom Sheeting Modulus elastic modulus, bottom pan, negative moment rep,ions (compressive stress)
Zpt = 13,6 cm3 Top Shecting, Modulus clastic modulus, top of rib, positive moment regions (compressive stress)
Zpb = 52,6 cm3 Bottom Sheeting Modulus elastic modulus, bottom pan, positive moment regjions (tensile stress)
Vmax = 19,74 kN
Ip= 52,6 cm*
In= 29,8 cmé
le= 42,1 cm?!
Ab = 1240 mm?
weight= 0,1 kN/m’
Bondek. with Slab
D= 120 mm Code = 075120 Code of Bondex Sheet Section Properties
n= 95
(from table 2)
d'= 155 mm ; d= D-d'= 120-155= 1045 mm
Mass= 275 kg/m?
rib= 53 mm rib height
kd = 39,4 mm
ysb = 80.6 mm (D - kd)
yst= 276 (D - kd - rib height)
Ic= 797 cm*
Zc= 2023 cm?® section madulus for concrete =lc / kd
Zb= 98,9 cm® bottom section modulus for sheeting =lc / ysb
Zt= - 2888 cm? ) top section r1odulus for sheeting =lc / yst
Vmax = 13,97 kN -




Engineer:  Anonymous Subject : Structural Element Design Page..Ot..

Project : 4 Floors Mosque Building 18
‘  ocation : Sangata - East Kalimantan Consuitant: CV. Alco Art Studio Consultant 3
|
Construction Load
Mass= 275x9.81/1000 = 2,7 kPa
Uniform Construction Toad 1,9 kPa
Total Const. Load 4,6 kPa
Total Const. Load per m' 1m
w= 46x1= 4,6 kN/m width
Max Negative Moment at A =-0.10 wL? = 010x46x3 = -4,14 kNm
Max Positive Moment at B=+ 0.080 wl2 = +0.08 x 4,6 x 32 = 3,312 kNm
Max Reaction, internal span = 11wL = 11x16x3 = 15,18 kN

Checking Sheeting under Construction Load
Negative Moment at A

Top Sheeting Stress
fat= 4140000 / 10800 = ' 383,33333 Mpa >300 Mpa (not OK)

Bottom Sheeting Stress

fnb= 4140000 / 11160 = 370,96774 Mpa > 300 Mpa (not OK)
Positive Mcment at B
Top Sheeting Stress

fpt= 3312000/ 13600 = 243,52941 Mpa <300 Mpa (OK)
Bottom Sheeting Stress

fpb= 3312000/ 52600 = 62,965779 Mpa <300 Mpa (OK)

Shear
V= 15,18 kN <19,74 kN (OK)

Sheeting under Wet Concrete load only

Mass= 275x9.81/1000 = 2,7 kPa

w= 2,7 kN/m width
Max Negative Moment at A = 0.10wL2= 010x27x3P= -2,43 kNm
Max Positive Moment at B =+ 0.080 wL2 = +0.08 x2,7 x 3= 1,944 kNm
Max Reaction, internal span = 11wlL= 11x27x3= 8,91 kN

Checking Sheeting under Wet Concrete ONLY

Positive Moment at B
Top Sheeting Stress

fpt= 1944000 / 13600 = 142,94118 Mpa <300 Mpa (OK) <<< compression
Bottom Sheeting Stress

fpb= 1944000 / 52600 = 36,958175 Mpa <300 Mpa (OK) <<< tension

et A

St an SR
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Maximum panel deflection under wet concrete,

Amax= L /270= 11,11 mm
Ac= {0.0069 wc LY / (Ele)
(0.0069 x 2,7 x 3000 ¢) / (200000 x 421000)
17,9219715 mm >11,11 mm (not OK) —> should be proped 3 pcs
4,480492874 mm <11,11 mm (OK) —> save to be proped 3 pcs
Superimposed LOAD -
Superimposed LOAD 7,75 KN/m
Max Negative Moment at A =-0.10 wL2= -010x7,75x32= -6,975 kNm
Max Positive Moment at B = + 0.091 wL? = +0.091x7,75x32= 6,34725 kNm
Max Reaction, internal span=11wL = 11x775x3= 25,575 kN
Bond atC
V= 25,575 kN > 13,97 kN (not OK)

Negative Reinforcement at A
Design moment at A = 6,975 kNm
Mu= 18x6975= 12,555 kNm

Use ultimate strength design procedure for Slab

Fc'= 20 Mpa
fsy = 500 Mpa (slab reinforcing)
= 1000 mm
= 120 mm
At= 265 mm?
Amin = 240 mm?
Using wiremesh D13 - 150 885 mm?
Stresses at B )
Top Sheeting Stress
ft= 634725C / 288800 = 21,978012 Mpa
Bottom Sheeting Stress
fb= 6347250 / 98900 = 64,178463 Mpa
Summary Stress at B
Condition Bottom Top
Wetconerete | 37 | 1429
Superimposed 64,2 22
Total 101,2 1209
Allowable 250 250 }=0.50 x 500
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Concrete Stress at B
Allowable Stress = 0.45 x Fc' = 045x 25 = 9 Mpa
6347250,/ {202300x9,5) = 3,5 Mpa <9 Mpa (OK)
' !‘ DEFLECTION UNDER SUPERIMPOSED LOAD
' a) Amax= L /480 =3000/480= 6,25 mm
Ashort= (0.0069)(wL4)/ (E Icrack) =
(0.0069 x 7,75 x 3000 4) / (200000 x 7970000)
! 2717361982 mm <6,25 mm (OK)
b) A1+ A2<(1/500)
L/500= 3300/ 500= 6 mm
Assume
Superimposed load (short termj = 3 kPa (=50% Live load)
Superimposed load (long term) = 7,75 kPa '

Effective second moment of area

le= (Mc/M)3 (Ig - Ierack) + lcrack

Icrack = 7970000 mm*

Ig= (bD?)/(12n) +Is=

Is= 526000 mm?*

Ig= (1000 x 120°) / (12 x 9,5) + 526000
15683894,74 mm*

Zg= g/ (D)=
261398,2456 mm?

Mc = 0.625n \f(fc') Zg= 0.625 x 9,5V(20) x 261398 =
6940981,404 Nmm

6.94 kNm > 6,35 kNm

Mc > Mslab = slab should not crack; hence le = Ig

Short time deflection
A= (0.0069)(wLY)/ (Ele) =
(0.0069 x 3 x 3000 ¢) / (200000 x 15683895)
0,534529219 mm
A2 = (0.0069 x 7,75 x 3000 ¢) / (200000 x 15683895)
1,380867148 mm

Al+A2= 053+138=  192mm <6mz. (OK)
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WF[500x200
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DETAIL A Vx = 130,378 kN
DETAIL B Vx = 130,378 kN
DETAIL C Vy = 118,653 kN

I) DETAIL A (see drawing above)

Connection to web of WF450x200x66.2 (beam)
Use A36 steel and A325 bolts
tw = 8 mm
Fu= 1.6Fy= 1.6x240= 384 Mpa
Fyb = 200 Mpa < Bolt A325-X >
VA= 130,378 kN
RB= 15FuDt= D = bolt diameter
1.5(384)(D)(8) = 4608 D (N) = 4,608 D (kN)
RDS= 2(Fyb)Ab= Ab = Area of Bolt
2(200)(Ab) = 400 Ab (N)= 0,4 Ab (kN)
Bolt n=V/R
Diam RB RDS R n=130,378 / R

12 55.296] 45,238934] 45,238934| 2,88199] 4
16 73,728| 80424772 73,728 1,76836] 2
19 | 87552( 11341149  87,552| 148915( 2
2 |7101,376| 152,05308] 101,376| 1,28608] 2

Use 2D16
Eccentristy is negleted, (check by AISC1.16.5.3)
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End distance > (2V/n) / (Fut)

(2)(130378/2) /(384 x 8) = 42 mm

Required gage for WF450x200x66.2 web =42+16 = 58 min
say - 60 mm

this mean a 60+2x25= 110 mm inleg

b) Connection to flange of © WF500x200x103 (column)

tf= 19 mm

for D16 bolts A= 201 mm?

RB= 1.5(384)(16)(19) = 175104 N = 175,104 kN

RSS=  (200){201) = 40200 N = 40,2 kN

R= min(RB and RSS) = 40,2 kN

n=V/R=130378/402= 32432338 using 4  bolts

) Outstanding legs connecting to WF500x200x103  (column)

WEF500x200x103 (column)

WF450x200x66.2 (beam)

Angle thickness=  (V/n)/[(15)(Fu)(D)] =
(130378/4)/[(1.5)(384)(16) = 3,53673 mm
use 6 mm
use 2L 60x60x6 x 110 mm
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OVERTOPPING REINFORCEMWNT
1
M 14
-
/ ™~ wiremesl D13 - 150at negative moment only
6 I I 1.5m
(BN RN RN ] /
IBuEn 1Ty 174 ¢
1
E

] GRADE Steel Beam A-36 WF450x200x66.2
Bondek sheeting thickness = 0,75 mm
tslab = 120 mm
fc'= 20 Mpa
b4

Reinforcement for negative moment only
wiremesh = D13 -150
fy = 500 Mpa

Shear Connector at Steel Beam

w/2 w wf2
Shear Connector p—t—t— .
Sheair Connector 1%} 1 t
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Shear Connector &
%)

¢
per section

section space (w)
longitudinal Spacing (S)

CONNECTION

I’///”//////,

V22777

§.-
§ .
D

X-Axis_| Y-Axis Jy P
16-65 | 16-65 A
16 16
65 65
2 2 |units 6
995 | 995 |mm /
—~52

Bolts D 16
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BONDEK SHEETING in COMPOSITE SLAB
Neutral Axis

/

TABLE 1: BONDEK SHEETING SECTION PROPERTIES (1000 mm WIDTH)

Steel | Weight| Cross | Distance to sheeting Positive B.M Negative BM
thick- | perunit{ section centroid from Properties of cheeting |  Properties of sheeting Ie Max
ness area Area top bottom Ip Zpt Zpb In Znt Znb Shear
mm kPa mm? mm mm cmt cm? cm? cmt cm? cm? cmé kN
0,/5 0,1 1240 38,7 15,5 52,6 13,6 33,92 29,8 108 4 11,16 42,1 19,74
1 0,13 1650 388 15,6 l 68,6 17,63 43,86 474 16,29 | 15 60,7 28,53

ip= second moment area of sheeting profile for positive (sagging moment) regions
In= second moment area of sheeting profile for negative (hogging momert) regions
Zpt=  elastic modulus, top of rib, positive moment regions (compressive stress)
E Zpb= elastic modulus, bottom pan, positive moment regions (tensile stress)
Znt=  elastic modulus, top of rib, negative moment regions (tensile stress)
Znb= elastic modulus, bottom pan, negative moment regions (compressive stress)
Ie= equivalent second moment of area for multiple span deflection calculations

Ip (1.26 - 026 Ip/In)

TABLE 2: COMPOSITE "BONDEK" SLAB SECTION PROPERTIES per 1000 mm WIDTH (n = 9.5)

Bond Values = 027 Mpa

Steel Slab Slab Effective ys peri- | bond Max

thick- | depth | Mass Depth kd | D-kd Ic Zc - Zs jd meter | cg b Shear

ness D d (bottom) X0 vb
CODE | mm mm kg/m? mm .am mm cm cam?® cm® mm mm mm mm kN
075090 90 206 745 318 58,2 39 123,7 67,6 63,9 691 22 474 884
075100 100 29 845 34,6 654 5.1 147,2 779 730 691 2 56,5 10,54
075110 110 252 94,5 b9 731 64 1744 88,0 82,2 691 2 65,7 12,26
075120 0,75 120 5 145 394 80,6 80 2023 98,9 9.4 691 2 | 748 13,97
075130 130 299 1145 41,7 883 97 2325 1098 100,6 691 22 84,1 15,69
075140 140 322 1245 438 96,2 116 265,22 120,7 109,9 691 22 93,4 17,43
075150 150 345 1345 459 104,1 13,7 299,22 1319 119,2 691 2 1027 19,16
100090 90 209 744 35,0 55,0 47 1349 858 62,7 694 22 46,3 8,68
100100 100 232 844 37.9 62,1 6,1 161,5 98,6 718 694 22 554 10,38
100110 110 255 944 08 | 692 | 78 | 1900 | 1120 | 808 | 694 2 | 64 | 1207
100120 120 | 278 | 1044 B35 | 765 | 96 | 204 | 1257 | 899 | 694 2 | B5 | 137
100130 10 | 2 | 144 | 61 | 839 | 117 |'2aa | 1398|990 | 6% | 22 | 826 | 1548
0040 f o0 |10 | 35 1244 | 485 | 915 | 141 | 2903 | 1539 | 1082 | 6% 2 | a8 | 1720
w010 | M0 |Taso | Tass | 1344 | 509 991 | 167 | 3277 | 1683 § 1174 | 694 2 | 1010 | 1893
100160 160 3N 1444 53,1 106,9 195 367,7 182,7 126,7 694 2 1103 20,67
100170 170 395 154.4 554 114,6 2256 4084 | 1974 | 1359 694 7] 1195 | 2239
100180 180 | 418 164,4 575 1225 26,0 4519 | 2121 | 1452 694 2 1288 | 2413
100190 190 | 441 | 1744 59.6 1304 | 296 | 4966 | 2270 ; 1545 | 694 2 | 1381 | 588
100200 200 464 1844 61,7 1383 33,5 5424 2420 1638 694 22 1474 27,62




AL L RS AR

T TS I 7 s S e T

Diechic

Fusis

| S
4
L
P
i
{
-
.
k
P
H
1
5
4
PRI
)
i
4
§
"

JSubiect ©  Stnxiucel Eremont Dssign

P Bulkding

¢ Kafima]Conuutant.  CV. Aloo At Studio Consuttant 2
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From Vreliminary Structural Analysis and dimensioning, founded the foliowing structural element of each storeys :
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From Prelimninasy St acty 1 Analysis aad dime: - 1iing, founded the following structural element of each storeys :
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From Preliminary Structural Analysis and diersioning, founded the following structural eiement of each storeys :
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A. PERHITUNGAN GORDING :

Rencana profit C 125.50.20.3,2

F = 7807 cm?
g = 6,31 kgm’
Ix = 181 cm4

Iy = 266 cmd

Wx = 29 cm?

Wy = 8,02 cm® -
Jarak gording : 1,50 m

Pembebanan :

a Beban mati :
- Berat gording .- = 7,807 kg/m’
- Berat atap galvalume 5 x 1,50 7,50 kg/m’

niu

gm = 15,307 kg/m’

~N

Mx = 1/8 x 15,307 x cos 10° x6?

= 67,835 kgm
My = 1/8 x.15,307 xsin 10°x ( 6/3 )2

= 1,329 kgm

~

b. Beban hidup

Diperhitungkan seorang pekerja (p) = 100 kg bekerja di
tengah-tengah bentang :

Mx = Y4x 100 xcos 10°x 6
147,72 kgm

[t

My = Y x 100 sin 10° x 6/3

8,68 kgm

o

c. Beban angin (qw ) :

‘ Koefisien angin :
Cl=+0,02a =04
Atau C1 = 0,2 ........... (angin tiup)
C2 =-04 .... (anginisap)

Tekanan angin ( W ) di perhitungkan = 40 kg/m?
Tekanan angin yang bekerja pada gording adalah angin isap




qw = 0,4 x40 x 1,50 = 24 kg/m’
momen yang terjadi L

Mx= -1/8 x 24 x 6,00% = -108 kgm
My= 0

Kombinasi bzban :
I =a+h
II =a+c
Mm=b+c

Kombinasi [ yang menentukan

d. Beban kombinasi :

Mx= 67,835 + 147,72 = 215,555 kgm
My= 1329 + 868 = 10,009 kgm

* Kontrol tegangan :

215,555 10,009

ca = +
29 8,02
= 74329 + 124,80 = 868,09 kg/cm? < oa = 1600 kg/cm?
. . Okey.
* Kontrol lendutan :
qcos a 1x4 p cos a.lx?
fx = 5/384 -eemmommmeneee- + 1/48 -mmmemmemememmeae
E.Ix EIx
0,15307 cos 10° . 600-4 - 100 cos 10° 600°
= 5/384 + 1/48
2,1x10.6x 181 2,1 x 10 6 x 181
= (0,669 + 1,165 = 1,834 cm
0,15307 sin 10° (600/3)-4 100 sin 10° (600/3) 3
fy = 5/384 + 1/48
2,1x10% x26,6 2,1 x10 6 x26,6

= 0,0019 + 0,0518 = 0,0537 cm



£ = \/ 1,834 + 0,0537 = 1,374 cm

= 1/180 L = 1/180x 600 = 333 ecm> f = [,374 cm

-
It

* Perhitungan penggantung gording :

| 1,60
AN s ] Sin@ = - = 0,625
N et (1,602 + (613)?
| t Vb
i o |w® o 8 =138 39357

! :
? | W Jika jumlah gording (N) = 14 bh
| o _lg —  Dalam satu sisi
Lo o

Keseimbangan gaya :

V=20
Tsin 6 = q.sino. N.L/3

15,307 sin 10° x 14 (6,00/3)

T= --- = 119,08 kg
0,625 :
T 119,08
A = = = 0,074 cm?
ca 1600

Dipakai penggantung gording ¢8 = 0,50 cm* > 0,074 cm?




B. PERKITUNGAN PORTAL BANGUNAN :

L. Data-data profil baja yang dipergunakan :

* Kolom Wf.350. 175

=496 kgm' , Wx =775 cm®

M US

= 63,14 cm? ; Wy =112 cm?
Ix = 13.600cm4 ; «x = 14,7 cm
ly =984 ocomd 1y =395 cm

* Balok ikat (tie beam) WF . 200 . 100

g =213 kgm’ ; Wx =184 cm’®
F =2716cmn* = ; Wy = 268cm?
Ix = 1.840 cm4 ;) IX = 8§24 cm
Iy = 134 cm4 Y = 222cm

* Balok Wf 400 . 200

g =66 kgm’ ; Wx = 1.190cm?®

F = 84,12 cm? Wy =174 cm?®
Ix = 23.700 cm4 ; 1X = 16,8 cm
Iy = 7210 cm4 L1y = 4,54 cm
* Balok konsol WF . 175 .90
g =181 kgm’ ; Wx =139 cm?
F = 23,04 cm? ; Wy = 217cm?
Ix = 1.210 cm4 ;o 1X = 726cm
Iy = 97,5 cm4 ) IX = 2,06 cm

* Balok Mezanin Wf . 250. 125

g = 296 kgm’ ; Wx = 324 cm®
F = 37,66 cm? ; Wy = 47 om?
Ix = 4.050 cm4 ;O IX = 10,4cm
Iy = 294 cm4 .\ = 2,14cm

* Balok Casteleted Wf . 360 . 125
pada potongan masif, dari hasil perhitungan di dapat :

g = 296 kgm’ ; Wx = 515 cm?

F = 43.02cm? ; Wy = 49  cm?
Ix = 8932 cm4 ;IX = 14,41 cm
ly = 294 cm4 .\ = 2,60 cm



Balok Casteleted W . 360 . 125
pada potongan berongga, dari hasil perhitungan di dapat :

g = 296 kg/m’ ; Wx = 503 cm’
F = 29,82cm? ; Wy = 24 comd
Ix = 8399 cmd ;o IX = 16,78 cm
ly = 147 cmd ; 1y = 2722 cm

Balok diafragma Wf . 150 . 150

g = 31,5 kg/m> ; Wx = 219 cm?
F = 40,14 cm? ; Wy = 751 cm?
Ix = 1.640cm4 ,IX = 6,39 ¢cm
Iy = 563 cm4 ; 1y = 3,75 cm
Balok kukuk Wf . 150 .75
g = 14 kg’ ; Wx = 838 cm®
F = 17,85 cm? ; Wy = 132 cm?
Ix = 666 cm4 ;IX = 6,11 cm
Iy = 49,5 cm4 , 1y = 1,66 cm

Balok Casteleted WF 550 . 175
Pada potongan masif, dari hasil perhitungan di dapat :

= 496 kg/m’ ; Wx = 1370cm?

g ;

F = 7546 cm* ; Wy = 116 cm?
Ix = 36553cmd  ; ix = 2201 cm
ly = 984 cmd4 ; iy = 3,61 cm

Balok Casteleted Wf . 550 . 175
pada potongan berongga dari hasil perhitungan di dapat :

g = 496 kg’ ; Wx = 1262cm?
F = 4746 cm* ; Wy = 113 com?
Ix = 18294cm4 ; ix = 19,63cm
Iy = 983 comd4 ; iy = 455 cm
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Pembebanan :

. Pembebanan pada portal kuda — kuda :

* Beban pada atap kukuk :

- Berat gording + atap .

(15,307 x 6,00) 4/5,08 = 72,32 kg/m’

- B.s WE 150 .75 = 14 kg/m’
- Berat penggantung20% = 2.8 kg/m’
gml = 89,12 kg/m’

- Beban hidup :100/508 = 19,68 kg/m’

ql = 109 kg/m’

* Beban pada atap kuda — kuda :

- Berat gording + atap :

(15,307 x 6,00) 172487 = 62,78 kg/m’
- B.s Wf 360.125 296  kg/m’
- Berat penggantung 20 % 592 kg/m’

qm2 = 9830 kg/m’
- Beban hidup 100 x 5 /24,87 = 20,10 kg/m’

q2 = 118,40 kg/m’
©wq2 = 118 kgm’

*  Beban pada balok ikat :

- B.sBalok Wf 200.100 = 213 kg/m
wqg3 = 22 kgt
*  Beban pada konsol pendek
- B.sBalok crane Wf 350. 175 :49,6 kg/m’ x 6,00 =297,6 kg
- Beban crane kapasitas St =5.000 kg
Zp =5.2976 kg

© P =5300 kg



R

2. Pembebanan pada portal mezanin :

*  Beban pada balok Wf.250 125

- Berat lantat : 0,12 x 1,50 x 2400 = 432 kg/m’
- Berat keramik :2 x24 x 1,50 = T2 kgw’
- Berat Bordex : 7 x 1,50 = 10,5 kg/m’
- B .sBalok Wf250. 125 = 29,6 kg/m’

- Beratdinding partisi : 0,04 x 3 x 1000 = 120 kg/m’

q4 = 664 kg/m’
- Beban hidup : 250 x 1,50 = 375 kg/m’
¢ = 1.039 kg/m’

¥  Beban pada balok Wf 360 . 125 :

- B.sBalok Wf360.125 = 29,6 kg/m’

wqg5 = 30 kg/m’
*  Beban pada balok diafragma Wf 150 . 150

- B.sBalok Wf150.150 = 31,5 kg/m’

0gb = 32 kg/m’

3. Pembebanan pada portal kuda-kuda akibat angin :
Cv Koefesien angin bangunan tertutup :

Cl = +09 (tiup)
C2=+002a-04
AtauC2 =0
C3 = -04(isap)

" C4 = -04(isap)
C5 =-04(isap)

10°

¢
v e

Tekanan angin (w) di perhitungkan = 40 kg/m?
Jadi tekanan angin untuk masing-masing bidang

Qwl =+0,9 x 40 x 6,00 = 216 kg/m’ ( tekan )
Qw2 = 0 x40 x6,00 = 0 kg/m’ (isap)
Qw3 =-04 x 40 x 600 = 96 kg/m’ (isap )
Qwd =-04 x 40 x 6,00 = 96 kg/m’ (isap )
Qws =-04 x 40 x 6,00 = 96 kg/m’ (isap )

s
o
i s e F o om -



[l Perhitungan Portal kuda - kuda :

|. Kuda-kuda kukuk WE 150 .75

Dari perhitungan Staad Il di peroleh ( batang 8-7 ) :
Axial ;215 kg

Shear : 401 kg

Moment : 602 kgm

Kontrol tegangan :

N max M max

ca = ox +
F Wx
Tekuk terhadap sumbu x :
Lk x 0,7 x 406
AX = = = 46,51
ix 6,11
tabel --~----- =2 ox = 1,161
215 60200
ca = 1,161 x +
17,85 88,8
= 692 kg/cm? < ga = 1600 kg/em? ................ Okey

Ditinjau tegangan kip :

150/5 = 30" < 75

hitb =
/h = 406/15 = 27
b 75 -
1,25 - = 125 X —-emeeeen = 13,39
ts 7
I/h > 1,25 bfts .............. Balok dengan penampang tidak berubah
bentuk
i.h 406 x 1,5
cl = = = 116 < 250
b.ts 75 x 0,7

maka = o kip = ca = 1600 kg/cm >ca = 692 kg/cm"
.. Okey



Kontrol lendutan :

Dari perhitungan Staad 111 di peroleh 8° = 0,1 cm
§ = 1/360 x 406 = 1,127cm >38° = 0,1 cm
.. okey.

' Kuda-kuda balok casteleted WE 360 . 125 -

Dari perhitungan Staad III di peroleh ( batang S —214)
Axial : 1.541 kg -

Shear : 957 kg

Moment : 3.046 kg m

Kontrol tegangan :
N max M max

ga= oX +
F Wx

Tekuk terhadap sumbu x :

Lk x 0,7 x 2335
Ax = = = 97,40
X 16,78
Tabel ——--——=> ox = 1,772

\ \

1541 3046060
ca= 1772 x +

29.82 503

= 91,57 + 605,56 = 697,14 kg/em* <oca = 1600 kg/m2
©eiiiiiiieee . Okey

Di tinjau tegangan kip :

Wt = 360/66 = 60 < 75

L/h = 2335/36 = 64,86
b 125

| g— = 1,25 X —=m-mm- = 17,36
ts 9

L'h > 125 blts ........... Balok dengan penampang tidak berubah

bentuk.



! T = 10.796,8 > 250

B¥ = 021 cemmmrmemmenen

C3 = 021 (1+1,823)(3-2X1,3823) -rmemememmms

I

574

C1=C3

C3
ckip = - x 0,7 ca
Cl

574
= e x 0,7 x 1600 = 59 kg/cm? <ca = 697,14 kh/cm?
10.796 .. okey.

Kestabilan kip tidak terpenuhi sehingga perlu bracing, di coba setiap jarak
2,00 m.
Sehingga L. = 200 cm

h
—— =60 <75
tb
L 200 ;
= =556 < 1736 .......... Balok dengan penampang
h 36 dapat berubah bentuk.

Luas A’ = 12,5x09+1/6x34,2x0,6

! = 14,67 cm?
1 e

| Y Iy /*/2.147
+ iy =

= 2,24 cm

A’ J 1467




= 0 + 98 = 98 kg/cm2 <oca= 1600 kg/cm2

Kontrol lendutan :

ceienieaenn. Okey

Dari perhitungan Staad [[I di peroleh 8° = 0,5 cm

&= 1/180 x 152 = 0,84 ¢cm > §° = 0,5 cm

‘ ceeeeeen. Okey
. Kolom Wf 350 .175 :
M R /N '//'\)
\ Batang S -227
\ Dari perhitungan Staad 111 di dapat :
N Axial =7.179 kg
M1 = -3305kgm
' 8 0o M2 = -5551 kgm
Shear = 1265 kg
M”‘ﬁ —
Kontrol tegangan :
Ml
B =06+04 ----m- 2 04
- M2
-3304
= 0,6 +0,4 --meeu 204
-5551
= 0,838 > 04
Panjang tekuk :
GA =1 (ujung kolom jepit)
Ic 13.600
z
Lc 800
GB = = = 4,726
Ib 8.399
z
Lb 2335
GA =1 Dari nomogram di dapat « =0,25
GB = 4,726 (untuk kolom tak bergoyang)
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Lkx = 0,25x800 = 200 cm
Lkx 200
AX = mmemee = ememeee = 13,60
ix 14,7 --eemmeeee- = tabel ox = 1,00, o ex = 122.640 kg/em’

lky = 0,25x800 = 200 cm

lky 200
Ay = = = 50,63
iy 3,95 ceemeemee- - tabel oy = 1,193, 5 ex = 8.290 kg/em’
Tekuk arah x :
N nx Mx
ca = oX + B
A nx—1 Wx
Aocex 63,14 x 122.640
nx = = = 1.078
N 7.175
7179 1078 555100
ca = 1,00X --=--em + 0,838 x --- X
63,14 1078-1 775
= 113,69 + 600,78 = 714 47 kg/cm2 < ca=1600 kg/cm’
. .. Okey
Tekuk arah vy :
N
ca = Qy =----
A
7179
= 1,193 --memx = 135,64 kg/lem* < ca = 1600 kg/cm?
63,14
. Okey.

Tegangan pada ujung kolom

N Mx
Lo JF TR,

A Wx




7179 555100

= + = 82995 kg/em* <oa =1600 kg/cm?

6314 775 ... Okey

*>  Profil kolom Wf 350 . 175 bisa di pakai

. Perhitungan Sambungan :

a. Sambungan pada kolom dan kuda-kuda

Momen maximum yang bekerja pada balok dan kolom sebesar
M max = 6.808 kg m (batang S-22)

di =90 ;dS = 36 cm
d2 =8cm ;d6 = 45 cm
d3 =16 cm ;:d7 = 52 em
d4 =24 cm
2di? = d1I2+d22+ d3*+d4* + d5* + d6* + d7?

0> + 8 + 162+ 24%+ 362+ 452+ 522
6.921 cm?

[

Tegangan maximum baut terjadi pada baut nomor 7

M x d7 680800 x 52
k7 = = = 5.115 kg
¥ di? 6921
Tegangan maximum yang terjadi :
5115 5115
ocmax = = = 814 kg/em’

Adnd)  2AAnx20)  <oa=s5656kgom

ceeeeeeeen... Okey

e,




Akibat gaya geser :

Dari Staad I1I pada batang S-22 di dapat
Shear : 14.151 kg

Kv 14.151
Kv = = = 1.010 kg
n 2x17

Tegangan geser yang terjadi :

Kv 1010

1 = = = 321,49 kg/cm?

Ve 1t d? Ve 2%

1 = 0,6 ca = 3378 kg/lem* >1°

ceiveeeen... Okey

*> jadi sambungan baut 7 ¢ 20 atau 7 ¢ 7/8 (type A 325) aman di pakai

b. Sambungan pada balok kuda-kuda :

Karena panjangnya lebih dari 12,00 m, maka perlu sambungan.

Momen maximum yang bekerja pada balok
Sebesar M max = 3.046 kgm (batang S-214)
Shear = 628 kg

di =0 ;dS = 36 cm
d2 =8 cm :d6 = 45 cm
d3 = 16cm :
d =24 cm



vy diz= d12+d2*+ d32 + d4? + d5* + d6* + d7?
02 + 8 + 162+ 242+ 362 +452+ 522
6.921 ¢cm?

I

Tegangan maximum baut terjadi pada baut nomor 7

M x d7 304600 x 52
K7 = = = 2288 kg
zdi? - 6921
Tegangan maximum yang terjadi :
2.288
6 MAX = =m-m-m--memmnm- =199 kg/em* <6&a = 5630 kg/cm?
2(1/4 = 2,7%)
ceeeaeeeen... Okey
akibat gaya geser :
628
Kv = -emmo =45 kg
2x7
Tegangan geser yang terjadi :
45
T — = 21,22 kg/cm2 <1° = 3378 kg/cm’
Vam2,7
ceeeee e Okey

*> jadi sambungan baut 7 ¢ 27 atau 7 ¢ 9/8 (type A 325) aman di pakai

6. Perhitungan plat landas dan anker :

* Dari Staad III di dapat
" Joint 166 sbb :
A Force -x = 1265 kg
| s wrawas; «/M';’rt_' 10 Wy Force -y = 7179 kg
Moment = -3304 kgm
P /‘7 “Qq
L b _L * Perhitungan plat landas :
luas alas (A) :
R 7179
A= = = 119,65 cm?
cb 60




S

*  Perhitungan anker :

R M
B — S
b.h W

7.179 330400

A = 30x50 = 1500 ecm* >A’

7179

ob® = —emeemee = 4786 kgcem?
1500

ukuran plat landas 30 x 50 cm
m=75 cm
n =625 cm

ocb m? 4786 x 7.5

2 2
134,6

t S = 0’02] cm
4 x 1600

di pakai tebal plat (t) = 1,0 cm
............. Okey

amax = +

30x50 1/6 x 30 x 50°

4,786 + 26,432 = 31,218 kg/cm2 <obeton = 60 kg/cm?2

omin = 4,786 - 26,432 = -21,646 kg/cm2

Tegangan minimum harus di tahan oleh anker

X 21,646

- =

50 -x 31,218

31,218 x = 21,646 (50) 21,47 cm

10823

X = cancnccces = 20,47 cm

52,864

R TR N s . 2

~ -

,.\.
L



T = 20,47 (30) (1/2 x 21,646) = 6.646 ke

T 6.646
F = mmmmen = ememeeeee =277 cm?
oa 2.400

di pakai anker pada sisi tertarik 2 ¢ 19 = 5,68 cm? >F
di pakai anker pada sisi tertekan 2 ¢ 19 = 5,68 cm?
Dengan mutu anker St-52.

. Perhitungan pondasi Portal kuda — kuda :

Gaya - gaya yang bekerja :
| Joint - 166
| Force x = 12365 kg
s 3{"0 Force y = 7179 kg
Moment = 3304 kgm

—

l po  Data-data

; = - kolom pendek : 30/50

l ; - Dimensi pondasi : 1,25x1.25m
Iy “«?’[ T i - Stous 230-350 m

Perhitungan kolom pendek

Eoul = MwNu = 1,5x3304/1,5x7179 = 046 m
Eou2

l

1/30.0,50 = 0,016 ----=> min =0,02m

Eou = eoui ~eou2 = 0,46+ 0,02 = 0,48 m

B e e e AR,

Eou 0,48 ,
= = 0,96 - tabel cl1 = 1
ht 0,50 c2 = 6,99
Ik
eu-1 = c¢l.¢c2 (---memmm- P . ht
100 . ht 5
0,7x2,00
il B R ) e — ¥.0,5
100 x 0,5
= 0,0027 m

eu-2 = 0,15x0,50 = 0,075 m
€au = eouteu-1+eu-2 = 0,48 +0,0027 + 0,075 = 0,558 m




Nu 1,5x 7179
= = 7,179 kg/cm

cou =
b.ht 30x 50
cou 7,179 ,
----------- = emmememmeeeneeae = (0319
2.ko.obk 2.0,5.225
eau 0,558
-- = = 1,116
ht 0,50
Dari nomogram di dapat q tot = 0,08
2x0,5x225
Atot = 0,08 ---eeemmemennne- x 30x50
2080
= 12,95 cm?

di pakai tulangan : 8 ¢ 16 = 16,08 cm?

Tulangan geser :
Du = 15x1265kg = 1897 kg

Du 1897
tbu = = = 1,405 kg/cm?
09xbxht 09x30x50

tbu < t*bu = 9,5 kg/cm?
di pakai sengkang praktis ¢6 —20

Perhitungan poer / plat pondasi :

Direncanakan dimensi poer/plat : 125 x 125 cm
Tabel plat = 30 cm
Sehingga beban yang dipikul oleh plat :
7179
Q= e =0,4594 kg/cm2
125 x 125
atau q = 4594 kg/m2

Mmax = '2.4594.0,625* =897 kgm
25
cu = = 10,22

\/1,5x897 )
2x0,5x 1,00 x 225

HCauiia IR ot PR, AL e S
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c‘

§ =02 }
cu = 10,22 gmin= 00533

2x05x225
A = 0,0533 X -emmmmmmmeeeees x 25 x 100 = 1441 cm?

Di pakai tulangan : ¢ 12-7,5 = 15,08 cm?

Perhitungan Pondasi Strouss.

Dari hasil laporan test sondir dengan faktor keamanan 3, metode
Schmertmaan ~ Nottingham untuk ¢ 30 dengan kedalaman 3,5 m,
kapasitas dukung 1jin = 14 ton/tiang sehingga untuk 2 tiang N = 28 ton

*  Untuk Pondasi tepi :
N = 7179 kg < N = 28.000 kg
civieiiiiianeen. Okey

*  Untuk Pondasi tengah :_
N = 13.626 kg < N = 28.000 kg
ceeiiiicnniannen. Okey




