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Keywords: The structure of multi- storey buildings basically refers to SNI 1726-
Beam Column Structure 2012, SNI 03-1726-2019, SNI 03-2847-2019 and PPPURG 1987.
SNI 03-1726-2019 This research aims to determine the calculation of beams and columns
SNI 03-2847-2019 using SAP 2000 v14.0.0 and taking into account Earthquake spectrum
Earthquake Spectrum in Central Java. Central Java is included in the moderate earthquake
SAP 2000 v 14.0.0 category, so to avoid structural failure, it is necessary to take into

account beam-column connections, and structure modeling as well as
calculating the forces acting on the structure with the SAP 2000
v14.0.0 application. The type of material used is concrete f'c = 25 MPa,
and reinforcing steel is fy 400 MPa and 240 MPa.
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INTRODUCTION
Indonesia is a vulnerable region with disaster natural like earthquake Earthquakes and
tsunamis. Java Island is one of the areas that is vulnerable earthquake, thing This because
Java Island is close by meeting between Indo-Austrian plate and Eurasian plate. Building
construction tiered must consider factor earthquake in building area That planned.
Irregularity building Alone divided into 2, namely direction vertical and horizontal direction.
Because That required analysis performance buildings located in disaster-prone areas
earthquake. Research This aiming For designing building 5- storey building with earthquake
resistant structure. Building design This designed in a way in a way vertical, so that need
knowledge adequate knowledge as well as supported with mastery application Civil
Engineering Computer Software so that it can design and build with good, strong and
economical. In designing a building building tiered, of course No off from aesthetics building
said, so that various type form from the regular until with the not regular.
Literature Review
Draft Planning Structure
Design Against Latera/Loads ( Earthquakes )

Earth's crust not static and always move constant. So that according to theory
geology about tectonic plate, surface earth consists of from a number of slab rock thick
floating on matel molten earth. Plates tectonic newly formed continously throughout steep
valley at the bottom sea Where material liquid from the interior of the earth pushed to on so
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that ocean new to form edge slab the ocean that causes continental drift, namely plates
ocean driven to slab continental, ( Indranto Himawan. 2009).
Selection of Analysis Method

Election method analysis For planning structure determined based on configuration
structure and function planned and related buildings with land base and seismic area. For
structure building small and not tiered, elements structural and non- structural No need
designed special to earthquake, but good structural detail is required. For structure building
regular used method analysis burden static equivalent.
Loads — Loads on Structures

a. Static Load

Static Load is working load in a way Keep going continuously on a structure buildings.
Static loads are also associated with loads that are slowly arise as well as have variable
magnitude of nature still (steady states). So if a burden have change running intensity
Enough slowly such that appearance so that influence time No dominant, so that burden the
can categorized as static load and deformation from A structure consequence static load
will reach the peak If burden This reach mark maximum.

b. Burden of Life

Live load is all the loads in the building that occur due to occupancy or use of a

building.
Table 1. Live Load On Building Floors

Burden Life Floor Building Big Burden
Floor office, shop 250 kg/ ™
Floor And ladder House stay 200 kg/ ™
Floor For room meeting 400 kg/ ™
Balcony — balcony Which jutting out free go out 300 kg/ ™
Ladder And border For office, shop 300 kg/ ™
Burden life on roof 100 kg/ ™

Burden life on part roof Which No can achieved And burdenedby people, the most decisive
of the two must be taken type the following loads:

a. distributed load per m 2flat areas come from rain loadof (40-0.8a) kg/m 2 with a = roof
slope angle (°). The load does not need to be taken =20 kg/m 2 and no need reviewed
whena =50°.

b. Burden centralized from a worker fire extinguisher fire withthe equipment minimum
100 kg.

Source: Indonesian Loading Planning Guidelines for Houses and Buildings (PPPURG)-
1987
c. Dynamic oad
Dynamic load is a load that has change varying intensity and variation the in a way
appropriate to time. So that burden dynamic This Work in a way suddenly on the structure
building. In general, the load This No nature still (unsteady-state) and has characteristics
changing magnitude and direction with fast. Deformation that occurs in the structure
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consequence burden dynamic this will also changeable in a way fast,, therefore That burden
dynamic consists of from burden earthquake and load wind.
d. Earthquake Load

Earthquake plan set as earthquake with possibility missed the magnitude during age
structure 50 year old building is by 2%. Earthquake plan will cause structure building
building reach condition on the verge collapse but Still can stand up, so that can prevent
loss of life. Various Category risk building buildings and structures other For burden
earthquake according to SNI 03-1726-2019. Depending on the probability the occurrence
collapse structure building During age plan that is expected. The influence earthquake plan
against him must multiplied with a factor priority earthquake according to SNI 03-1726-
2019.
Site Classification for Seismic Design (SNI 03-1726-2019)

In the formulation criteria design seismic a building on the surface land or
determination amplification magnitude acceleration earthquake peak from rock base to

surface land For a site must classify moreover formerly with formulation as following :
Eildi
N = N
£=1d—1,
Ni
in : Thickness of each layer between depth O to 30 meters
This: Prisoner penetration standard 60% measured energy (N) in the field.
Earthquake Region and Response Spectrum (SNI 03-1726-2019)
In determining the maximum earthquake acceleration spectral response, a seismic
amplification factor is required at a period of 0.2 seconds (S s) and a period of 1 second (S 1)
to determine the spectral response acceleration determined based on the earthquake zoning

as shown in the figure below.

we ok oY ne' e nse e uy'e 120° s e Wit
L " i i 1 1 L . 1 L

Figure 1. Spectral Response Acceleration Map for Period 0.2 seconds (Ss) (SNI 03-1726- 2019)
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Figure 2. Spectral Response Acceleration Map for 1 second Period (S1) (SNI 03-1726-
2019)
The vibration amplification factor related to the acceleration of short-period vibration
(Fa) and the acceleration amplification factor representing 1-second period vibration (Fv).
The acceleration response spectrum parameters for short periods (S s ) and 1-second
periods (S ) adjusted for the influence of site classification must be determined by the
following formula:
Sms =FaxSs
Suw =FuxS1
Where :
Ss: Mapped MCER earthquake acceleration spectral response parameters for short
periods.
Si: MCER earthquake acceleration spectral response parameters mapped for a
period of 1 second.

o1

Percepatan respon spekira, $,(2)

1 5 10

Periode, 7" (detik)
Figure 3. Design Acceleration Response Spectrum (SNI 03-1726- 2019)
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METHOD

Analysis Method
Stages - stages in planning five (5) storey building in study This as following :

( Srart bl

Peangiungmlan dara
I Gambar DED
2. Data tanah
3 Peta gemnpa
l Ideutifikasi dan analisis data |

Pomodelan attakiuse dengin.
program SAP 2000v14 0.0

Analisis stpukiue dengag program
SAP 2000 v14.0.0

i

CQugprer pepodelan stnknae o
dapat gayacgans dalam, struktar

4

| Perbatungan digens. dan ]

peonlangan scauai dengan SINI

I Gambar kegia I
| Kesimpulan I

( e Minish C )

Figure 4. Research Stages

Secondary Data
Secondary data used in line consists of from :
a. Plan drawing Work

b. Building data between other : Earthquake zone for the Central Java earthquake zone

area, Amount floor building with total 5 floors, Material specifications

RESULTS AND DISCUSSION

Planning beams and columns in study This with use guidelines as following : Guidelines
Planning Loading For Houses and Buildings (PPPURG 1987), SNI 03-1726-2019. Planning
Procedures Resilience Earthquake For Structure Building and Non-Building Structures, and
SNI 03-2847-2019. Calculation Procedures Concrete Structures for Building Construction.
For determine moment, then done calculation with use SAP2000.v14.0.0 application

program help.
Guidelines Beam Calculation
Calculation beam (B1) with planning data like following :
b =400 mm; h =600 mm; f'c = 25 MPa
fy = 400 MPa ( thread ); fy = 240 MPa (plain)
Reinforcement main D19 mm ; Reinforcement stirrup &10mm
Thickness of blanket (s) = 40 mm

Construction Planning Design Of A 5-Storey Building With SAP 2000 v14.0.0 Program In

Central Java—Soehartono et.al

175|Page


https://ejournal.seaninstitute.or.id/index.php/InfoSains

Jurnal Info Sains : Informatika dan Sains

Volume 15, Number 01, 2025, DOI 10.54209/infosains.v15i01
ESSN 2797-7889 (Online)

https://ejournal.seaninstitute.or.id/index.php/InfoSains

d' = Blanket concrete + @ siirrups + Y2 D —=40 + 10 + (19/2) = 60 mm
d=h-d'=600-60=540 mm
¢flex =0.9; gtorque =0.85

So that mark moment ultimate part focus block B1 (400 x 600) then counted with
SAP 2000 v14.0.0 with results like following :

Diagrams for Frame Object 707 (B1 40x60)

End Length Offzet (Location) Dizplay Options
Case ’LNVhLLIPL COMET + COME 2 7] 1-E nd I_" 771 s Soroll for Values
Itama ]M-:uc.»v (V2 and M3) A:I lMox/Mln Env :] T FUOUUL%JUC{?;\T;
JEnd: |t a04

" Show Max

Location
0,000000 m
(4,00000 ) [0.00000 m
Resullant Shear
Shear V2

005519 Kof
-10006,77 Kof
at 0,00000 m

Fezultant Moment

Moment M3
10858,34 Katm
10974,21 Kglm
at 0.00000 m

Reset ta Initial !._Invlt"{_] Done I Urnite |Kat, m, C v]

Figure 5. Support Moment Output

—
Diagrams for Frame Object 707 (B1 40x60)

End Length Offsat (Location) | | Digplay Options
Case |ENVELOPE - COMBT + COME 2 -]

I-End: |Jv 771 & Seroll for Valuws
Iterne |Major (V2 and M3) | [Max/Min Env | '('}Inrﬁ']"nur;‘l'?r:; Show Max
JEnd ].Ib- 04 Location
T 0,000000 m
(4.00000 m) [2.00000 m

Resultant Shear

Shear V2
\ .3572,97 Kl
e—— AB72.79 Kol
‘ at 2,00000 m

Heoultant Moment

Moment M3
[ 2800,39 Kgtm
‘ 275370 Kgf-m

at 2.00000 m

Reset to Initial Units ] Done | Unite [l".ul m, C :]

Figure 6. Field Moment Output

- -

Diagrams for Frame Object 707 (81 40x60)

End Length Offzet (Location) Display Options

I-End: |J 771 = Soroll for Values
Items IM.:|01 (V2 and M3) _:I |M.ax/M|n Env :] lr'EJDIJUUCIEJUfJEf“IJnr}'; C
JEnd: | Jr 804

Cage |ENVELOPE - COMET + COME 2 vl

Show Max

Lacation
0,000000 m
(4,00000 ) |0.n0000 m
Faesullant Shear
Shear V2

4008619 Kof
-10086,77 Kot
at 0,00000 m

Resultant Moment

Moment M3
10858,34 Kgtm
10974,21 Kglm
at 0.00000 m

He»ujl»!qIn_\l_llgl_LAJ_n_wilt'{_] Done I Units IP».-JI m, C v]

Figure 7. Ultimate Shear Force Output
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BAGIAN TYPE BALOK B1 40 x 60 cm
POSISI TUMPUAN LAPANGAN TUMPUAN
¥ ¥ ) 1) 1
12 LI 1211 s I 1211
- 7,'0 L} ‘“v 1
POTONGAN | ey, o
[ -5 .

TUL ATAS 65019 4 D19 4019
TUL. TENGAK 4016 4D16 40186
TUL BAWAH 4D 19 4D 19 4D 19
TUL GESER @ 10- 100 210 - 150 ?10- 100

Figure 8. Flexural Reinforcement of Beam B1 400 x 600

Calculation beam (B2) with planning data like following :

b =300 mm; h =500 mm ; f'c = 25 MPa

fy = 400 MPa ( thread ); fy = 240 MPa (plain)

Reinforcement main D19 mm ; Reinforcement stirrup &10mm

Thickness of blanket (s) = 30 mm

d' = Blanket concrete + @ imups + ¥2 D =30+ 10 + (19/2) = 50 mm

d=h-d'=500-50=450mm

¢flex =0.9; gtorque =0.85

So that mark moment ultimate part focus block B2 (300 x 500) then counted with

SAP 2000 v14.0.0 with results like following :

Diagrams for Frame Object 566 (B2 30x50)

End Length Offset (Location) Dizplay Options

Casze |ENVELOPE - COMB1 + COMB 2 ~| LEnd: |Jt 664 & Soroll for Values
Itamz IMmc\v (V2 and M3) 'I IM.:x/Mln Env "] :Jrjogooc?oor?"':; " Show Max
JEnd: | 162 Laoation
T 0,000000 m ARG
(4,00000 ) [0,00000 m

Hezultant Shear

Shear V2
13783.09 Kgl
1409637 Kol
at 0.00000 m

Heszultant Momant

Moment M3
911716 Eglem
95057.37 Kgl-m
al 0,00000 m

_Reszet ta Initial Units | | Done I Units [Kgf. m,C =

Figure 9. Support Moment Output

Construction Planning Design Of A 5-Storey Building With SAP 2000 v14.0.0 Program In

Central Java—Soehartono et.al
177 |Page


https://ejournal.seaninstitute.or.id/index.php/InfoSains

Jurnal Info Sains : Informatika dan Sains

Volume 15, Number 01, 2025, DOl 10.54209/infosains.v15i01
ESSN 2797-7889 (Online)
https://ejournal.seaninstitute.or.id/index.php/InfoSains

Diagrams for Frame Object 566 (B2 30x50)

End Length Offset (Location] Display Options

Case ]ENVEIU’PE COMB1 + COMB 2 vl 1 End: ]Jl B84 & Soroll for Values
Itamz ]Mn|or (V2 and M3) ,'.I ]Mnx/Mm Env A'] {JU%DUUC?UOUO':} " Show Max
J-End: J Jt 162 Laoation
0.000000 rm e
{4,00000 ) [0,00000 m

Hezultant Shear

Shear V2
13783.09 Kl
4096,37 gl
at 0.00000 m

Hezultant Moment

Moment M3
A9117.16 Kglm
9857.37 Kgl-m
al 0.00000 m

Feset to Initial Units Done Unitz |EKgf, m, C f]

Figure 10. Field Moment Output

Diagrams for Frame Object 566 (B2 30x50)

End Length Offset [Location] Dizplay Options

Case ]EN\/EI OFE - COMB1 + COMB 2 V| |-E nd: |JQ 664 & Soroll for Values
Itemsz ]Mmm V2 and M3) ?_] IM.-m/Mm Env ,'] ?D%DDGUOUDSJ’:; " Show Max
J-End: JJ( 162 Looation
= 0,.000000 m i
{4,00000 ) [0,00000 m

| Rezultant Shear

Shear V2

13783.09 Kol
| 14096,37 gl
| at 0.00000 m

i
I
Hesultant Momeant
I
|

f Moment M3
A9117.16 Kgl-m
985737 Kgl-m
( at 0.00000 m

Done Units II*‘-'.Qf.m. C —v]

Reset to Initial Units

Figure 11. Ultimate Shear Force Output

BAGIAN TYPE BALOK B2 30 x 50 cm
POSISI TUMPUAN LAPANGAN TUMPUAN
¥ ¥ ¥
1 I P Y \ 12 - 1
PR Ao
POTONGAN o1
. * . .

Wl 4 X 1
TUL. ATAS 6 D19 4 D19 4D19
TUL, TENGAH 4 D16 4 D16 4 D16
TUL BAWAH 4D19 40D 19 40D 18
TUL GESER @2 10-100 @210 - 150 @210-100

Figure 12. Flexural Reinforcement of Beam B2 300 x 500
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Calculation reinforcement main column K1 600 x 600 mm, with planning data like

following : b

=600 mm; h =600 mm; f'c = 25 MPa
fy = 400 MPa ( thread ); fy = 240 MPa (plain)

Reinforcement main D19 mm ; Reinforcement shift @10mm

Blanket concrete = 40 mm

d' = Blanket concrete + @ stirups + Y2 D —-=40 + 10 + (19/2) =60 mm

d =h-d'=600-60=540 mm
¢ shift = 0.7 (stirrups rectangle )
B =0.85

Load value axial factored and ultimate torque For column K1 discussed in calculation

This taken from SAP 2000 v14.0.0 results, shown in the image below.

D Concrete Design Dets ACL38:89 o . ¥

£

ACT 31R-09 COLIMN SFETINN CHECK  Type: Sway Special  lnits: Kgf, n, & (Sunsary)

L=h, 008

Element HEL+3 B~4,000 b=t,000 dc~u, uys

Station Loc : 0,600 E"2,025E+09 FCr3us9148 58 Lt.wt. Fac.-1,000
Section 1D : K1 GUx60 Fy 407880648, Fys 28472188,6 Nz 0,010 (Ciuven)
Conbo 1D : DCONN RLLF 1,000 ns 2,728% (Civen)

Phi(Conpressinn-Spiral): A,R0N
Phi(Compressing Tied): n, 700

Duerstrength Factar: 1,2%

i Tension): CACT
Phi(Bending) : ¥, 800
Phi(Shear/Torsion): u,600

AXTAL FORCE & RTAXTAL MONENT CHECK FOR PU, M?, N3

Capacity Design Design Design Nininum Hinimin
Ratin L0 e e M
567 200022 ,698 AL YR NIyl 210 F5Y k8 1755 6
AXIAL FURCE & BIAXIAL MOMENT FACTURS
¢n  Delta ns pelta 5 K L
Factor Factor Factor Factor Length
Najor Bending(M3) 1,000 1,077 1,000 1,000 4, 000
Minar Rending(M?) 1,000 1,077 1,000 1,000 4, han
SHEAR DESIGN o vz,ud
Design Shear Shedr Shear Shiegyr
Hebar Uy phisvc phisiy up
Major Shear(uz) 0,000 6BON, Lu2 25134 476 U, oo GHOL 442
Minor Shear(U2) 8,018E-08 21022 408 25134, 470 520,518 21922 , 408
JOTNT SHEAR DESTRN
doint Shear Shear Shear Shear Jdndnr
Ratin UnTop Uutot i vue fArea
a jur Shear(U2) N/ N/L N N/ H/L
Winur Sheor(Vd) N/C N/L NG N/U L7

unle [Fgtmc v

DT

Figure 13. Pu and Mu values for Column K1.60x60 SAP 2000v14
Calculation reinforcement shift

Style value shift factored For column K1 ( element 125) is discussed in calculation This
taken from SAP 2000 v14.0.0 results such as following This :
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3 Corurate Deugs Do SITT g o -
F ACI 313-9% COLWW SECTIEN CHECK Tgpe: Swoy Specdal Dadtc: Ngé, a, © {Suemary)
i 508
Msment : 15 §-n 500 - 50 LN
Statiom Lec @ U000 L2, 45LW ORISR .58 LLEL. Fac.v 0N
Sectina IR @ KXY AReSq Fy-ARTIEAR, FUs-28A73183 .6 #5-2.210 (Cieea)
fustm [P = SLif=1,000 Fom2, 70 (Given)
Mi{Cosgression Spiral): 8 80 Busrstrengty Faclar: 1,25
Phi{Compression-Tied): 8,790
Phi{Tencian): LR
i (Bewdioy): LR
i {Shear [Tarcion): 0 a0
SXTA FORCT K BISXIA MONENT CHFCX FOR P, %0, O
Capacity Design Sesige Pesign Minimen Mind
Ratin Pu o m w L
0547 R 0M 21647, k9e ©se,213 15,0 5,000
SXIA FORCE & DISXIRL MOMENT TRETORS
On  Belta ns Delta = K L
Factor Factor Facrar Facter L ength
Major Seading(ie) 1,80 1,0 1,908 1,898 &, U
W nar Scoding(int?) 1,080 1.07 1,00 1,002 LN
SHERS DESIDM FER V2,93
Design Shear Pear Shear Shear
Tz e i ~c paists up
Hajar Shoae (U3} NP0 GREN_MAT  DS15N TR n, 80 SESN, W02
Mour Shear (U3} EATEL-9 vz ee 25198,.000 eSSl Wi wm
HINT SEEER MESIEN
Jaint Shear Shear Sacar Shear Joint
Eatin Wiy UsTar i et Area
Major Shear(uX) e L T nT N
N

i X3

'U

With

Fiaure 14. Column Ultimate Shear Force Output K1.60 x 60

calculation and application of SAP 2000v 14.0.0 then you can get the
reinforcement details as following :

DETAIL KOLOM K1

TYPE KOLOM 80 x 80 crm

POTONGAN

+

|0

DinMeEN=)

80 x 60 cm

TULANGAN UTAMA

28 D222 (7/8")

TLULANGAN GESER

& 10 - 100

Figure 15. Details of K1 60 x 60 Column

CONCLUSION
From the calculation above so can concluded as following : Calculation reinforcement beams
and columns are obtained from mark style moment, style different latitudes and torques, so
that For make it easier calculation so grouped from values maximum. Repetition flexible
beams, such as beams ( B1) 400 x 600 mm and (B2) 300 x 500 mm with span 4 m, with
reinforcement details :

Block (B1) Focus Field Beam (B2) Focus Field

400 x 600 mm 300 x 500

Tul. Top 6D19 4D19 mm

Tul. Side 4D16 4D16 Tul. Top 6D19 4D19

Tul. Down 4D19 6D19 Tul. Side 4D16 4D16

Tul. Sengkang 8-100 @8-150 Tul. Down 4D19 4D19
Tul. @10 - 10 -
Sengkang 100 150
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Repetition column as in (K1) 600 x 600 mm, with repetition main 28D22, stirrup @10 -100
along the way and stirrups &J10-150 outside of you. Repetition column as in (K2) 500 x 500
mm, with repetition main 24D19, stirrup 10 -100 along the way and stirrups &10-150
outside rlo.
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