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THANONGCHAI PROMMA : A COMPARATIVE STUDY ON THE SIZE
AND COST OF BUILING STRUCTURE IN DIFFERENT EARTHQUAKE
ZONES. ADVISOR : ASSOC. PROF. VACHARAPOOM BENJAORAN,
Ph.D.

Earthquake problems in Thailand have been increasingly intensifying, but
certain studies on earthquakes now remain abridged and incomprehensive, and
sometimes most of them are emphasized on in-depth academic approaches and even
limited making it difficult for either engineers or the public to further apply. The
research is aimed at studying effects of seismic force on size and cost of reinforced
concrete building structures located in different earthquake prone zones according to
the Ministerial Regulation on Earthquake Resistance of Building B.E. 2550. The
researcher selected buildings whose patterns were prevalent in Thailand and were
built from reinforced concrete on the pre-stressed concrete floor plank platforms. The
test was divided into four groups: areas not required to calculate seismic force; areas
required to calculate seismic force with Z = 0.19 and S = 2.5; areas required to
calculate seismic force Z = 0.19 and S = 2.5; areas required to calculate seismic force
with Z =0.19 and S = 1.5; and areas required to calculate seismic force with Z = 0.38
and S = 1.5 ETABS program was used for three-dimensional structure analysis and
the results were used to determine and evaluate cost for comparison. The results
showed that consideration on seismic force could result in cost of building structure
by 2.9% - 11.1% according to different earthquake prone zones and characteristics of
soil layers. The cost of building structure in Area 2 was higher than Area 1 and the
very soft soil could have more impact on the cost of building structure rather than the

hard soil.

School of Civil Engineering Student’s Signature
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> wH 18,321.54
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Axial Shear Torsion Bending
Descripti
Column| Section Load Max P Max V2 Max V3 Max T Max M2 | Max M3
no. Size o Combination kN kN kN kN-m kN-m kN-m
Cl 25X30 | Max. P Ul_1.4DL+1.7LL -491.33 -0.01 18.40 0.00 0.00 0.00
Max. M2 | Ul_1.4DL+1.7LL -49.56 0.15 -13.09 0.00 -26.12 0.23
Max. M3 | Ul_1.4DL+1.7LL -22.76 2.74 -1.83 0.00 2.88 -6.12
C2 25X40 | Max. P Ul_1.4DL+1.7LL -697.49 -0.94 -8.17 -0.31 -9.99 -1.43
Max. M2 | Ul_1.4DL+1.7LL -223.08 3.10 -13.75 0.00 26.66 -4.82
Max. M3 | Ul_1.4DL+1.7LL -91.85 5.60 -3.70 0.00 8.81 -12.54
C3 25X40 | Max. P Ul_1.4DL+1.7LL -1638.2 -0.20 -23.12 0.00 0.00 0.00
Max. M2 | Ul_1.4DL+1.7LL -874.98 0.20 77.63 0.00 147.78 0.40
Max. M3 | Ul_1.4DL+1.7LL -1295.9 -45.27 10.56 0.00 -7.45 -26.58
13197 4.11 wavewsamelugegalumunsdin 1 lufauswsudulnm
Axial Shear Torsion Bending
Section Max P Max V2 Max V3 Max T Max M2 Max M3
kN kN kN kNm kNm kNm
Bl 0.20x0.40 0.000 17.967 0.000 0.079 0.000 41.753
0.000 28.193 0.000 0.079 0.000 -47.681
B2 0.20x0.40 0.000 -5.011 0.000 0.510 0.000 14.611
0.000 -51.261 0.000 0.001 0.000 -61.340
B3 0.20x0.40 0.000 -1.051 0.000 0.000 0.000 44.154
0.000 76.087 0.000 0.003 0.000 -83.175
B4 0.20x0.40 0.000 -28.189 0.000 0.370 0.000 38.609
0.000 -51.640 0.000 0.429 0.000 -34.349
B5 0.20x0.50 0.000 -0.659 0.000 0.315 0.000 32.667
0.000 -65.190 0.000 0.837 0.000 -56.430
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Axial Shear Torsion Bending
Section Max P Max V2 Max V3 Max T Max M2 Max M3
kN kN kN kNm kNm kNm
B6 | 0.20x0.50 0.000 | -2.931 0.000 0.084 0.000 53.805
0.000 | -134.497 0.000 -0.689 0.000 | -92368
B7 | 0.20x0.50 0.000 | -12.357 0.000 8.471 0.000 | 100355
0.000 | -62.082 0.000 -0.003 0.000 | -69.755
B8 | 0.20x0.50 0.000 | -15.065 0.000 1016 0.000 | 118323
0.000 | 49.894 0.000 1.953 0.000 -9.250
B9 | 0.30x0.70 0.000 | 31.641 0.000 -0.677 0.000 | 380897
0.000 | 256381 0.000 0.585 0.000 | -230.018
13197 4.12 Haveausefigasessunsdin 1 laauswrudnlna
Column | Desc. Load Lateral Axial Bending Torsion
no. Combination | FXKN | FY kN | FZ kN | MX kN-m| MY kN-m | MZ kN-m
Max.
WI1_1.ODL+I.0LL | 0.001 | -1.290 | 33.855 | 0.000 0.000 0.000
Fl1 P
Max.
WI_LODL+1.0LL | 3273 | 5581 | 62219 [ 0.000 0.000 0.000
F2 P
Max.
WI_IODL+1.0LL | 0.014 | 1495 [110210| 0.000 0.000 0.000
F3 P
M990 4.13 maveusamelugagaluensdiii 2 Aausaruduln 7 Z-0.19, 5-2.5
Colu Axial Shear Torsion Bending
mn Section Descri Load Max Max
no. Size ption. Combination Max P Max Max Max T M2 M3
kN V2 kN V3 kN kN-m kN-m kN-m
Cl1 25X30 Max. P | U5 1.4DL+1.7E(Y-) -541.57 -5.73 -94.82 0.00 0.00 0.00
Max.
M2 U5 1.4DL+1.7E(Y-) -234.13 0.38 -25.00 -0.16 -45.75 0.81
Max.
M3 U3 1.4DL+1.7E(X-) -129.84 | -34.71 -3.28 0.04 -4.24 -64.64
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A1519N 4.13 (919)

Axial Shear Torsion Bending
Column | Section | Descri Load MaxP | Max | Max | MaxT | MaxM2 | Max M3
no. Size ption. Combination KN V2KkN | V3KN KN-m KN-m KN-m
U6_1.05DL+1.275LL
C2 25X40 | Max.P | +1.275E(X) -703.14 44.63 -19.19 -6.66 -18.67 78.18
Max.
M2 U5 _1.4DL+1.7E(Y-) -531.44 0.83 -130.95 -0.46 -168.81 -1.96
Max.
M3 U3 1.4DL+1.7E(X-) -340.62 -63.27 -17.57 2.56 -20.41 -111.29
C3 25X40 | Max. P | Ul 1.4DL+1.7LL -1638.2 -0.20 -23.12 0.00 0.00 0.00
Max.
M2 U5 1.4DL+1.7E(Y~) -600.16 4.82 -188.26 -0.30 -203.84 3.24
Max.
M3 U3 1.4DL+1.7E(X-) -925.02 -189.30 12.77 0.05 5.08 -213.58

M3 1N 4.14 wavoausamelugagalununiaif 2 Aauswruaulva 1 Z=0.19, S =2.5

Section Avial Shear Torsion Bending

Max P Max V2 Max V3 MaxT Max M2 Max M3

Bl 0.20x0.40 0.000 -39.011 0.000 -2.496 0.000 94.330
0.000 47.943 0.000 0.025 0.000 -112.882

B2 0.20x0.40 0.000 -78.251 0.000 0.234 0.000 88.706
0.000 103.354 0.000 1.532 0.000 -84.066

B3 0.20x0.40 0.000 133.408 0.000 3.770 0.000 189.310
0.000 -149.393 0.000 -3.129 0.000 -197.206

B4 0.20x0.40 0.000 216.040 0.000 0.551 0.000 249.337
0.000 228.557 0.000 1.249 0.000 -262.206

B5 0.20x0.50 0.000 251.092 0.000 -5.724 0.000 195.989
0.000 274.208 0.000 -0.425 0.000 -217.225

B6 0.20x0.50 0.000 -5.717 0.000 0.037 0.000 54.783
0.000 -134.497 0.000 -0.689 0.000 -92.368

B7 0.20x0.50 0.000 -12.357 0.000 8.471 0.000 100.355

0.000 65.128 0.000 1.216 0.000 -87.961

B8 0.20x0.50 0.000 -15.560 0.000 -0.388 0.000 121.020
0.000 59.505 0.000 2.105 0.000 -42.274

B9 0.30x0.70 0.000 31.641 0.000 -0.677 0.000 380.897
0.000 -218.731 0.000 0.612 0.000 -265.979
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M50 4.15 #aUDLTINIATOITUNIANTAN 2 Aausarudu lna 71 Z=0.19, $ =2.5
Column | Desc. Lateral Axial Bending Torsion
Load Combination
no. FXKN | FY kN FZ kN MX KN-m | MY KN-m | MZ kKN-m
F1 Max. P | W9 _1.0DL+0.75LL+0.75E(-Y) 0.427 4.542 36.710 0.000 0.000 0.000
F2 Max. P | W7_1.0DL+0.75LL+0.75E(-X) 27.460 6.615 70.871 0.000 0.000 0.000
F3 Max. P | W1_1.0DL+1.0LL 0.014 1.495 110.210 0.000 0.000 0.000

M135199 4.16 maveausamelugegalwansdin 3 Aauswruaulv 7 2=0.19, s =1.5

nnga | VA Desc. Load Axial Shear Torsion Bending
mn . Combination Max P Max V2 | Max V3 Max T Max M2 | Max M3
kN kN kN kN-m kN-m kN-m
Cl 25X3 | Max.P | Ul_1.4DL+1.7LL -491.33 -0.01 18.40 0.00 0.00 0.00
Max. U4 1.4DL+1.7E(Y) -72.92 0.38 13.18 0.09 31.43 0.70
Max. U3 1.4DL+1.7E(X-) -131.48 -22.81 -3.34 0.03 -4.34 -42.67
C2 25X4 | Max.P | Ul_1.4DL+1.7LL -697.49 -0.94 -8.17 -0.31 -9.99 -1.43
Max. U5 _1.4DL+1.7E(Y-) -484.13 0.72 -75.97 -0.20 -97.67 -0.68
Max. U3 1.4DL+1.7E(X-) -338.50 -41.43 -15.51 1.68 -17.75 -73.13
C3 25X4 | Max.P | Ul_1.4DL+1.7LL -1638.2 -0.20 -23.12 0.00 0.00 0.00
Max. Ul _1.4DL+1.7LL -874.98 0.20 77.63 0.00 147.78 0.40
Max. U3 1.4DL+1.7E(X-) -834.93 -123.8 6.49 0.03 2.19 -139.2
M15199 4.17 maveausamelugega lununsain 3 Aausuruaulva 71 2=0.19, S =1.5
Axial Shear Torsion Bending
Section Max P kN Max V2 kN Max V3 kN Max T kNm Max M2 kNm Max M3 kNm
Bl | 0.20x0.40 0.000 -23.066 0.000 -2.364 0.000 59.187
0.000 37.076 0.000 0.000 0.000 -82.395
B2 | 0.20x0.40 0.000 -39.874 0.000 0.138 0.000 50.768
0.000 -58.337 0.000 0.002 0.000 -66.649
B3 | 0.20x0.40 0.000 83.445 0.000 2.551 0.000 121.023
0.000 -99.429 0.000 -1.910 0.000 -128.919
B4 | 0.20x0.40 0.000 137.511 0.000 0.233 0.000 158.981
0.000 150.047 0.000 0.932 0.000 -171.871
BS | 0.20x0.50 0.000 147.725 0.000 -4.182 0.000 116.313
0.000 164.733 0.000 -0.677 0.000 -129.353
B6 | 0.20x0.50 0.000 -2.931 0.000 0.084 0.000 53.805
0.000 -134.497 0.000 -0.689 0.000 -92.368
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Axial Shear Torsion Bending
Section Max P kN Max V2 kN Max V3 kN Max T kNm Max M2 kNm Max M3 kNm
B7 | 0.20x0.50 0.000 -12.357 0.000 8.471 0.000 100.355
0.000 64.191 0.000 1.982 0.000 -72.406
B8 | 0.20x0.50 0.000 -15.342 0.000 0.230 0.000 119.833
0.000 56.140 0.000 1.964 0.000 -29.986
B9 | 0.30x0.70 0.000 31.641 0.000 -0.677 0.000 380.897
0.000 256.381 0.000 0.585 0.000 -230.018
IR 4,18 Wamamﬂﬁﬁgmm%’umﬁﬁ 3 Aausauduanlng # 7=0.19,S =1.5
Column Desc. Lateral Axial Bending Torsion
Load Combination
no. FXKN | FYKN | FZKN | MXkN-m | MY kN-m | MZ kN-m
F1 Max. P | W9 1.0DL+0.75LL+0.75E(-Y) | 0.004 | -2.418 | 34.059 0.000 0.000 0.000
F2 Max. P | W7_1.0DL+0.75LL+0.75E(-X) | 18.831 | 6.009 | 65.768 0.000 0.000 0.000
F3 Max. P | W1_1.0DL+1.0LL 0.014 | 1.495 | 110.210 0.000 0.000 0.000
TR 4.19 wamamﬂﬂwﬂiuqqqﬂuLmﬂiﬁﬁ 4 fausaududn’lna 7 z=038, S =1.5
Hneaay UYUIN Desc. Load Axial Shear Torsion Bending
e . Combination Max P Max V2 Max V3 Max T Max M2 Max M3
kN kN kN kN-m kN-m kN-m
Cl 25X30 Max.P | U5 1.4DL+1.7E(Y-) | -588.31 -5.67 -108.46 0.00 0.00 0.00
Max. M2 | U5 1.4DL+1.7E(Y-) | -255.89 0.30 -28.46 -0.38 -52.08 0.69
Max. M3 | U3 14DL+1.7E(X-) | -120.54 | -37.51 -2.38 0.05 -3.99 -69.51
2 25X40 | Max.P | yg 1,05DL+1.275LL
+1.275E(X) -717.00 | 48.12 -20.20 -7.16 -19.53 84.28
Max. M2 | U5 1.4DL+1.7E(Y-) | -547.49 0.87 -149.62 -0.55 -192.95 -2.39
Max. M3 | U3 1.4DL+1.7E(X-) | -341.08 | -68.02 -18.01 2.76 -20.99 -119.60
C3 25X40 Max. P | U1 _1.4DL+1.7LL - -0.20 -23.12 0.00 0.00 0.00
Max. M2 | U5 1.4DL+1.7E(Y-) | -589.72 6.15 -215.65 -0.34 -233.84 4.19
Max. M3 | U3 1.4DL+1.7E(X-) | -944.65 | -203.56 14.14 0.05 5.71 -229.79
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M13197 4.20 waveausamelugagalununsdii 4 Aausaueuaulvg 1 Z=0.38, S =1.5

Axial Shear Torsion Bending
Section Max P kN Max V2 kN Max V3 kN Max T kNm Max M2 kKNm Max M3 KNm
B1 | 0.20x0.40 0.000 -42.483 0.000 -2.524 0.000 101.981
0.000 50.309 0.000 0.030 0.000 -119.519
B2 | 0.20x0.40 0.000 -91.274 0.000 0.266 0.000 101.579
0.000 117.280 0.000 1.721 0.000 -96.820
B3 | 0.20x0.40 0.000 144.298 0.000 4.036 0.000 204.193
0.000 -160.283 0.000 -3.395 0.000 -212.090
B4 | 0.20x0.40 0.000 233.154 0.000 0.620 0.000 269.029
0.000 245.667 0.000 1.318 0.000 -281.894
B5 | 0.20x0.50 0.000 286.176 0.000 -6.248 0.000 223.033
0.000 311.367 0.000 -0.339 0.000 -247.051
B6 | 0.20x0.50 0.000 -7.188 0.000 0.044 0.000 57.202
0.000 -134.497 0.000 -0.689 0.000 -92.368
B7 | 0.20x0.50 0.000 -12.357 0.000 8.471 0.000 100.355
0.000 69.352 0.000 1.220 0.000 -96.997
B8 | 0.20x0.50 0.000 -15.633 0.000 -0.598 0.000 121.423
0.000 60.239 0.000 2.136 0.000 -44.952
B9 | 0.30x0.70 0.000 31.641 0.000 -0.677 0.000 380.897
0.000 -222.334 0.000 0.637 0.000 -280.048

v

M350 4.21 WaUDTINYATOITUNTAN 4 Aausaruau vl 71 Z=0.38, S =1.5

Column Desc. Lateral Axial Bending Torsion
Load Combination
no. FXKN | FYKN | FZKN | MXKN-m | MY kKN-m | MZ kKN-m
F1 Max. P | W9 _1.0DL+0.75LL+0.75E(-Y) 0.424 5.156 38.813 0.000 0.000 0.000
F2 Max. P | W7 _1.0DL+0.75LL+0.75E(-X) 29.340 6.747 71.984 0.000 0.000 0.000
F3 Max. P | W1 _1.0DL+1.0LL 0.014 1.495 110.210 0.000 0.000 0.000

o d
43 WaMSMUIUBINDINT
d‘ Y tgl ] 4 9 anJ o a o
Wie lanavoasenelusuauvetosnornsudr luduaouvosmsmuiuluauide
2 2 A ° 9 = £ 2
Futlazraonmsmuiuale ldsunsuuuvanlsnin Iaelsunsy MICROSOFT EXEL @iy

H A ° Aa I A o W
Tdsunsui@ouTasdrevamiasgiumsdiuiu Inssadenouniamsumian laedsfainu

Y A

as [ U Qy 1 A Y A [
UIMIFIUUDI ACI 318-05 'JTJﬂ"liIﬂEJi]ﬂﬂqu%uﬁ@u%mﬂuliﬂﬂ"miuiﬂaLﬂﬂﬂﬂullﬁﬁ]m'ﬂﬂ

P4
=

Amseinadugeganielunguuiiinmsduau Fawad ldanmsduiudanawuinlu




74

2R A Y o Y o = 1A 1o <] a A d? 1 PR
ATUANHIN 3V UIANAUTASHUINAATUNVUIAUN UANLUAIT LIV AN TUINNUUY FIUNTUN 2

~ R A Y A ogjl Y o A a <3 a g I a A
HAZNTUANEIN 4 ABUNUNIVIARTNAALaz NS Isuranasuaie GluVINL‘IJL!ﬂﬁ@ﬂﬁ!WiJ

Y v 4 Y 1 a ' 9

GU‘L!WI‘HLl']@lﬂ"’llf)xi’f)ﬁﬂﬂWﬂWﬁGlWJJGII‘L!"IﬂGl‘H‘ﬂJUﬂJuﬂWﬂLﬂﬂNﬁﬂﬁgﬂ‘U@’ﬂzﬂL!‘U‘]JTHQ@']‘L!
Iy o FY & A 3 o o I
ﬁﬂWﬂﬂﬂﬂiiNﬂJﬂ\iﬂ’]@Tﬂﬁum mmamzmgﬂu‘u UﬂWQﬁﬂW{lﬁﬂﬂiiﬁJ!ﬂUWaﬂﬁluﬂﬁﬂﬂJ’Juﬂ

A a < a g <3
wdvannlSunamanasuldmnlunazsiamaulassadnaz g lidae

~ ~ ~ A Y A (A A A A o A '
159N 4.22  wamsulSeumeualsunaauIassad st dsunlasmunundean s nuanag

[

it
e 4 PBnamman | WSnameunsa | Yaanaliuwy | YSunemandu
NIRIANENT . )

@33 (AY) (@u.) (A13.3) G
n3dl 1 : TuAauss 7741 531 4,200 109
N3t 2:2=0.19.S 89.80 554 4,354 109
N3l 3:2=0.19.S 82.92 547 4,290 109
nstl4:2=038.S 101.73 576 4,471 109

44 maulaseaing
A F) 1 9 @ [ A =
Nﬁﬂulﬂ‘mﬂﬂ”lﬁﬂﬁgiﬂmﬂ135191W1J’N§1ﬂ11ﬂ5\‘1ﬁ31\‘1ﬁﬁﬂiuﬁ'lu‘ﬂi]%i]ﬂﬁﬂﬁ%ﬂﬂﬂTﬂ

1T A Y Y =3 L ) = Y
uimwuﬂu”lmau"lm!,ﬂ @ Laga1u %mwmmﬂaﬁiwagmﬂszmm 35% Gllf’J\ﬁTﬂTTﬂﬁﬁﬁﬁN
ng VA A o Y 9 1A vy 9 v
‘VN‘H?J@LWI!JJ?JllﬂTiﬂTLl’J‘L!ol‘H@”Iﬂ15Z’ﬂiﬂiﬂﬁ11&1/111!LL5\1LLNU@uhlﬁﬂllﬁ3§1ﬂ11ﬂiﬂﬁ§1\‘]ﬁﬁﬂﬁ]%
A dgj dy A a A a 1 A 1< a A
LW‘JJ‘lJuIﬂfJ NWHUHNUITIUN 1, AUDDUNID 1AW USATU %$LW3JU_]1! 37.82% UIIUN 1,
a 1 A I~/ a { a 1
AUDDU I1IANNULFLATZATU TI]SZLWIILTJL! 36.52% !Lﬁ&’ﬂﬁﬂﬂ!ﬁ 2, AUDDU FIANNTULF NS ATU

A g Y Ao vy 1A A

%mmﬂu 40.12% Lm$‘§1ﬂ15’)1]5116\1\11uiﬂ‘§\1ﬁ5'l\‘11/]ﬂWu’JuGl,’ViGnu‘ﬂNLLNH@HVI,W'Ji]mWiJinﬂ

ensinan lulaguaulddmudiuanlng Tauaadlugii 4.1 dagili 4.4



A a a 9 PR a 1T A
A1519% 4.23 wamsaadsuauazs1mMaulasadsensan 111Jﬂﬂlli\‘llmuﬂuulﬁ3

- % - - , a9 AT sanilu
No. 318M3 USanw YSinagns | vivoe ; N , - _
Mudg | IURY | /M UM Y
1 NuAUYA
- uYAAY 138.00 | 20% 165.6 G Y - - 125.0 20,700.0 20,700.0
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TYPE B1 B2 B3
LOCATION mmum;ﬁmwm"m MID SPAN SECTION END SUPPORT SECTION ownNuwg[(ccﬂnmEanEvER) MID SPAN SECTION END SUPPORT SECTION ownNuwg[grasanMﬁ) MID SPAN SECTION END SUPPORT SECTION
200 20, i 1290, 2 122 ‘ | 29,
SHAPE 9 g =] = =] 2 = =
g g g g g g g g
SIZE 200x400 200x400 200x400
TOP BAR 3DB16 2DB16 2DB16 4DB16 2DB16 2DB16 5DB16 2DB16 20B16
BOTT.BAR 2DB16 3DB16 3DB16 20B16 4DB16 4DB16 2DB16 5DB16 5DB16
STIRRUP 1-RB6 @150 1-RB6& @150 1-RB6 @150 1-RB6 @150 1-RB6 @150 1-RB6 @150 1-RBG @150 1-RB6 @150 1-RB6 @150
OTHER
TYPE B4 BS B6
LOCATION [ CONTHUOUS (R CANTLEWER)) 5 gy scron END suppoRT secon | CNTNUOVS (R GAVTLEVER) | yyp spny secnon 00 suppog secon | VNS (OR CMVILEVR) | yp gy s ENO SUPPORT SECTION
e 2 P 2 2y 2 1200y 200, 200,
- : §| ’ : E‘ D L D : :
SiZE 200x400 200x500 200x500
TOP BAR 20B20 20B20 20B20 20820 20820 20B20 3DB20 2DB20 20B20
BOTTL.BAR 20B20 2DB20 20B20 20820 20820 20820 2DB20 3DB20 3DB20
STIRRUP 1-RB6 @150 1-RB6 @150 1-RB6 @150 1-RBE @150 1-RBE @150 1-RB6 @150 1-RB6 @150 1-RB6 @150 1-RB6 @150
OTHER
TYPE B7 B8 B9
LOCATION [ OONTHUOUS (R CANTLEVER)) 1y o scon B0 suepoRT secrion | CONTHUOUS (OR CANTLEVER)| gy spcmon o0 suproRr seopon | CNTHUUS (R OWILBER) |y sp sgomon END SUPPORT SECTION
| 200 | 200 | | 200 200 ———{ 2 =
SHAPE
SizE 200x500 250x600 300x700
TOP BAR 30B20 2DB20 20B20 4DB20 2DB20 20B20 4DB25 20B25 2DB25
BOTL.BAR 2DB20 3DB20 30B20 20820 4DB20 4DB20 2DB25 4DB25 4DB25
STIRRUP 1-RB9@200 1-RB9@200 1-RB9@200 1-RB9@200 1-RBI@200 1-RB9@200 1-RB9@200 1-RB9@200 1-RB9@200
OTHER 20B12

A = Y o Aa a " A
g‘ﬂ‘i’l .1 LUUBEAITIYALIDYIATUINAATU ATD.NTUN 1"l,mm1,mmuﬂu'lm
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TYPE B1 B2 B3
LOCATION [ SONTWUOUS (OF CANTLEVER) WD SPAN SECTION END SUPPORT SEcron | CONTINUOUS (0% CATLEVER) MID SPAN SECTON B0 SuPpORT secon | TS (O CANTLEVER) WD SPAN SECTION END SUPPORT SECTION
200 | 200 | 200, 200 | 1200, 200 |2,
SIZE 200x400 200x400 200x500
ToP BAR 3DB20 20820 20820 30820 20820 20820 50820 20820 2DB20
BOTTBAR 20B20 3DB20 30820 20820 30820 3DB20 20B20 5DB20 5DB20
STRRUP 1-RB6 @150 1-RB6 @150 1-RB6 @150 1-RBE @150 1-RB6 @150 1-RBE @150 1-RBY @150 1-RBY 8150 1-RB9 @150
OTHER
TIPE B4 B5S B6
LOCATION [ ONTWUOUS (OR CANTLEAER) WD SPAN SECTIN END SUPPORT sEcrion | CONTNUDUS (R CANTILEVER) MID SPAN SECTION BN supPORT SecTion | COVTNUOLS (OF CRNTILEVER) WD SPAN SECTION END SUPPORT SECTION
‘ 250 | ‘ 250 ‘ ‘ 250 ‘ | 250 | ‘ 250 ‘ ‘ 250 ‘ |ZGU | ‘_ZEU_‘ | 200
SRE ] 8 g g B g 2 g g g
SIZE 250x500 250x500 200x500
TOP BAR 30B25+20B20 2DB25 20B25 30B25+2DB20 20825 20825 3DB20 20820 2DB20
BOTT.BAR 2DB25 3DB25+20B20 3DB25+2DB20 2DB25 J3DB25+20R20 3DB25+2DB20 2DB20 30DB20 3DB20
STRRUP —RB9 @150 1-RBS @150 1-RB9 @150 1-RBS @150 1-RB9 @150 1-RBS @150 1-RBE @150 1-RB6 @150 1-RBE @150
OTHER
TYPE B7 B8 B9
LOCATION cumwuoug{g%"wnmvm) MID SPAN SECTION END SUPPORT SECTION meunu;éc.:cﬁmum) MID SPAN SECTION END SUPPORT SECTION CONTNUOUS [OR CANTILEVER) MID SPAN SECTION END SUPPORT SECTION
20 200 200 | 20 20, [ | |
g g g g g g g g 5
SIZE 200x500 250x600 300x700
TOP BAR 3DB20 20820 20820 4DB20 20820 2DB20 40B25 20825 2DB25
BOTT.BAR 2DB20 3DB20 3DB20 20820 40820 4DB20 20B25 40825 4DB25
STRRUP 1-RB9@200 1-RB9@200 1-RB9@200 1-RBS@200 1-RB9@200 1-RB98200 1-RBS@200 1-RB9G200 1-RB98200
OTHER 20812

g
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TYPE B1 B2 B3
LOCATION [ CONTRUOUS (OF CANTLEWR) MID SPAN SECTION END SUPPORT secTon | CONTUOUS (R CANMLEVER) WD SPAN SECTON BN SUPpoRT secion | SONTINUOUS (OR CANTILEVER) WD SPAN SECTION END SUPPORT SECTION
200 200 200 2y 200, [ [RE 200 12
SHAPE 8 8 8 8 g g 3 s 2
i i - *I ?I D - ’ %:[: |D| ’
SIZE 200x400 200x400 2002500
TP BAR 3DB16 2DB16 2DB16 4DB16 20816 20816 4DB20 20820 20B20
BOTLEAR 2DB16 3DB16 3DB16 2DB16 4DB16 40B16 20820 4D820 40B20
STIRRUP 1-RB9 @150 1-RB9 @150 1-RBS @150 1-RB6 @150 1-RBE @150 1-RB6 @150 1-RB9 @200 1-RB9 @200 1-RB9 @200
OTHER
TYPE B4 BS B6
LOCATION comluuou;égnﬁn:awmvim MID SPAN SECTION END SUPPORT SECTION m"‘”"““;;f%ﬁ““um) WD SPAN SECTION B0 suppoRr secnon | CONTINUOUS (OR GANTILEVER) WD SPAN SECTION £ND SUPPORT SECTION
| 250 | | 250 | | 250 | } 250 | | 250 | | 250 | ‘ZDU | ‘200 ] | 200 |
A g g g g g g g g g
SIZE 250x500 250x500 200x500
ToR BAR 20B25+20816 20825 20825 20B25+20B16 20825 20B25 30820 20820 20B20
BOTLBAR 2DB25 20B25+20B16 2DB25+20B16 2DB25 2DB25+20B16 2DB25+20B16 20B20 3DB20 3DB20
STIRRUP 1-RB9 6200 1-RBS @200 1-RBS 8200 1-RBS @200 1-RB9 @200 1-RBS 8200 1-RB6 8200 1-RB6 @200 1-RB6 @200
OTHER
TYPE B7 B8 B9
LOCATION | OONTRUOUS (OR CANTLEVER)| 5 om secon £ND SUPPORT SecTon | CONTINUOUS (08 CANTILEVER) WD SPAN SECTON B0 suppoRy secon | CONTNUUS (OF cLEER) WD SPAN SECTION END SUPPORT SECTICN
300 300 300
Ei 200 200 200, 20 20, = [ [—
g 8 g 8 g g g g 8
SIZE 200x500 250x600 300x700
TP BAR 3DB20 2DB20 20820 40B20 20820 2DB20 4DB25 20825 2DB25
BOTLEAR 20B20 30820 30820 20820 40820 4DB20 20825 4D825 40B25
STIRRUP 1-RB9®200 1-RB9@200 1-RB9@200 1-RB9G200 1-RB9G200 1-RB9@200 1-RBOG200 1-RB3@200 1-RBY@200
OTHER 2DB12

3U% n.3 upuudasTIeazBeaniganIu ada.ngdin 3 Aausaruau vl z=0.19, S =1.5



91

TYPE B1 B2 B3
LOCATION CONT'WW;(C‘?HRDFWLEVERJ MID SPAN SECTION END SUPPORT SECTION WWNUU“;E(D%E‘""LEM) D SPAN SECTICN END SUPPORT SECTION CWHNUU“ZE(EUT‘";‘"“M) WD SPAN SECTION END SUPPORT SECTICN
200 200 200 200 250 250 250
H H = H H2 H - o B
SIFE 200x400 200x400 250x500
ToP BAR 30B20+20816 20B16 20816 30B20+20B16 20B16 20816 20B25+20825 20825 20B25
BOTT.BAR 2DB16 30DB20420B16 3DB20+420B16 2DB16 30B20+2DB16 3DB20+420B16 20825 20B25+20DB25 2DB25+20B25
STRRUP 1-RBE @150 1-RB6 @150 1-RB6 @150 1-RB6 @150 1-RBE @150 1-RBE @150 1-RBY @150 1-RB9 @150 1-RBY @150
OTHER
TYPE B4 B5 B6
LOCATION [ QONTRUOUS (OF CANTLEVER) MID SPAN SECTION END SUPPORT SECTION ouwmuuuzg(cnﬂﬂosmnum) WD SPAN SECTON B0 suppoRT secrion | SONTNUOUS (O CANTLEVER) WD SPAN SECTION END SUPPORT SECTION
1250 1250 |20 1250 |20 120 200, |20, 200
S 8 g g g g §‘ g g g
SIZE 250x600 250x600 200x500
TOP BAR 4DB45 20B25 20825 4DB45 20825 20B25 30820 20820 20B20
BOTLBAR 2DB25 4DB45 4DB45 2DB25 4DB45 4DB45 20820 3DB20 3DB20
STRRUP —RB9 @200 1-RB9 @200 1-RBS @200 1-RB9 @200 1-RB9 @200 1-RBS @200 1-RB6 @150 1-RBE @150 1-RBE @150
OTHER
TYPE B7 B8 B9
LOCATION [ OONTWOUS (08 CMIEVR] 1 oy cpcon | exo suepony cecnon | TS (R MIEER] iy o cnon | o supponr seomon | COTUOUS (OF SOV 4y o seomon | 0 suppom secmon
200 20 2c, 00, 0, |- [ 2
SHAPE - . N o -
& g g g g g g 8
SIZE 200x500 250x600 300x700
TP BAR 3DB20 2DB20 20820 40B20 20820 20820 40825 20825 2DB25
BOTLBAR 20B20 30820 3DB20 20820 40820 40820 20825 4D825 40825
STIRRUP 1-RB9®200 1-RB9@200 1-RB9@200 1-RB9G200 1-RB9@200 1-RB2@200 1-RBOG200 1-RB3@200 1-RBY@200
OTHER 2DB12
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PROJECT : a1a1s aada.4 du (nsailidauseunudulum)
SUBJECT : Beam B1, B2, B3

CALCULATION SHEET OF BEAM
ULTIMATE STRENGTH DESIGN METHOD Refer to ACI 318-05

DESCRIPTION BEAM NO.| RB1Mid | RB1End | RB2Mid | RB2End | RB3Mid | RB3End | UNIT
1. MATERIAL PROPERTIES
- Compressive strength of concrete fic 24 24 24 24 24 24 MPa.
- Unit weight of concrete w, 24 24 24 24 24 24 KN./m*3
- Elastic modulus of concrete E. 24,116 24116 24.116 24116 24,118 24,116 MPa.
- Max. strain of concrete € 0.003 0.003 0.003 0.003 0.003 0.003
- Yield strength of reinforcing bar fy 400 400 400 400 400 400 MPa.
- Yield strength of stirrup fv 240 240 240 240 240 240 MPa.
- Elastic modulus of reinforcing bar Es 204,000 | 204,000 | 204,000 | 204,000 | 204,000 | 204,000 MPa.
2. FORCE FROM ANALYSIS
- Factored moment Mu 41,753 | 47,681 14,611 61,340 | 44,154 | 83,175 N.-m.
- Factored shear Vu 28,193 16,916 | 51,261 30,756 | 76,087 45,652 N.
- Factored torsion Tu 370 370 510 510 3 3 N.-m.
3. SECTION PROPERTIES
- Beam width b 20 20 20 20 20 20 cm.
- Beam height h 40 40 40 40 40 40 cm.
- Max.covering ( conc.surface to edge of stirrup) cov. 4.0 4.0 4.0 4.0 4.0 4.0 cm.
- Beam main reinforcement
Comp. Layer 1 Re-bar qty. N 2 2 2 2 2 2 ea.
Re-bar dia. o 16 16 16 16 16 16 mm.
Re-bar dist. from top d' 3.80 3.90 3.90 3.90 3.90 3.90 cm.
Tens. Layer 1 Re-bar qty. N 3 3 2 2 3 3 ea
Re-bar dia. =] 16 16 16 16 16 16 mm.
Tens. Layer 2 Re-bar qty. N 0 0 2 2 2 2 ea
Re-bar dia. o 0 0 16 16 16 16 mm
Re-bar dist. from top d 34.60 34.60 31.60 31.60 32.20 32.20

- Beam stirrup

Stirrup dia. =] 6 6 6 6 6 6 mm.
Quantity of stirrup N 1 1 1 1 1 1 circle
Stirrup spacing s 15.0 15.0 15.0 15.0 15.0 15.0 cm.
d/2 17.30 17.30 15.80 15.80 16.10 16.10 cm.
60 60.00 60.00 60.00 60.00 60.00 60.00 cm.
(AVfy)/(3.5"b)|  19.39 19.39 19.39 19.39 19.39 19.39 cm.
Require stirrup spacing Sreq| 17.30 17.30 15.80 15.80 16.10 16.10 cm.
- Check spacing s < Sreq OK OK OK OK OK QK
4. CHECK BENDING MOMENT RESISTANT
- Reduction factor B 0.85 0.85 0.85 0.85 0.85 0.85
- Reduction factor for flexure loads b 0.90 0.90 0.90 0.90 0.90 0.90
- Reinforcement ratio (balance strain) pb 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
- Reinforcement ratio (minimum) pmin 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035

(PP )max | 0.0197 0.0197 0.0197 0.0197 0.0187 0.0197
(PP )min 0.0141 0.0141 0.0154 0.0154 0.0152 0.0152

- Comp. reinforcement ratio (balance strain) p 0.0058 0.0055 0.0063 0.0062 0.0062 0.0062
- Tens. reinforcement ratio (balance strain) P 0.0087 0.0084 0.0127 0.0126 0.0156 0.0156
(p-p") 0.0029 | 0.0029 | 0.0064 0.0064 | 0.0094 0.0094
- Check all comp. re-bar are yield fs' <fy fs' < fy fs' < fy fs' < fy fs' < fy fs' < fy
- Check all tens. re-bar are yield fs =1y fs = fy fs =1y fs =fy fs =fy fs =1y
R 0.06 0.01 -1.10 -1.11 -2.25 -2.25
Q 27.40 26.39 27.50 27.15 27.87 27.68
c 5.18 5.12 6.46 6.44 7.97 7.97 cm.
a 4.40 4.36 5.49 5.48 6.78 6.78 cm.

—
w

148.07 143.42 237.54 236.76 306.47 306.47 MPa.
SMn1 51,338 50,850 57,008 56,897 70,284 70,285 N.-m.
$Mn2 16,290 15,198 23,661 23.284 31,387 31,388 N.-m.

Comp.re-bar layer 1 stress

- Nominal moment SMn 67,629 | 66,048 | 80.669 80,180 | 101,671 | 101,673 | N.-m.
- Check Mu < ©Mn OK OK OK OK OK OK
5. CHECK SHEAR AND TORSION FORCE RESISTANT
- Reduction factor for shear and torsion ¢ 0.75 0.75 0.75 0.75 0.75 0.75
- Distance inside stirrup along X-Axis x1 10.80 10.80 10.80 10.80 10.80 10.80 cm.
- Distance inside stirrup along Y-Axis y1 30.80 30.80 30.80 30.80 30.80 30.80 cm.
- Coefficient of concrete inside stirrup at 1.50 1.50 1.50 1.50 1.50 1.50
Ct 0.043 0.043 0.040 0.040 0.040 0.040

- Maximum factored torsion max Tu 3,581 5.867 2.497 4127 9 15 N.-m.
-Check Tu < maxTu OK OK OK OK OK OK
- Torsion force resistant of concrete Tc 7186 1.173 499 825 2 3 N.-m.
- Shear force resistant of concrete Ve 55,159 54,218 50,636 50,210 51,846 51,846 N.
- Check Vu-®Ve £ 2.1"d™fc'b*d OK OK OK CK OK OK

Av/s -0.013 -0.023 0.014 -0.007 0.039 0.007

Atls -0.001 -0.003 0.001 -0.001 0.000 0.000
- Required re-bar area Alv+t) /s 0.009 0.009 0.009 0.009 0.020 0.009 sg.cm.
- Additional area for main re-bar Al 0.12 0.56 0.08 0.23 0.00 0.00 sg.cm.
- Additional layer at mid-section 1 1 1 1 1 1
- Re-bar per additional layer 0.04 0.19 0.03 0.08 0.00 0.00 $g.cm.

d' = o Y o dd‘ a T Aa
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PROJECT : 21013 ada.4 du (nsal lidaussusiudulug)
SUBJECT : Beam B4, B5, B6

CALCULATION SHEET OF BEAM
ULTIMATE STRENGTH DESIGN METHOD Refer to ACI 318-05

DESCRIPTION BEAM NO| RB4Mid | RB4End | RB5Mid | RB5End | RB6Mid | RB6End | UNIT
1. MATERIAL PROPERTIES
- Compressive strength of concrete fic 24 24 24 24 24 24 MPa.
- Unit weight of cancrete We 24 24 24 24 24 24 KN./mA3
- Elastic modulus of concrete E. 24,116 24116 24,116 24,1186 24,116 24,116 MPa.
- Max. strain of concrete £ 0.003 0.003 0.003 0.003 0.003 0.003
- Yield strength of reinforcing bar fy 400 400 400 400 400 400 MPa.
- Yield strength of stirrup fv 240 240 240 240 240 240 MPa.
- Elastic modulus of reinforcing bar Es 204,000 | 204,000 | 204,000 | 204,000 | 204,000 | 204,000 MPa.
2. FORCE FROM ANALYSIS
- Factored moment Mu 38,609 | 34,349 32,667 56,430 | 53,805 92,368 N.-m.
- Factored shear Vu 51,640 30,984 65,190 39,114 | 134,497 | 80,698 N.
- Factored torsion Tu 429 429 837 837 689 689 N.-m.
3. SECTION PROPERTIES
- Beam width b 20 20 20 20 20 20 cm.
- Beam height h 40 40 50 50 50 50 cm.
- Max.covering ( conc.surface to edge of stirrup) cov. 4.0 4.0 4.0 4.0 4.0 4.0 cm.
- Beam main reinforcement
Comp. Layer 1 Re-bar qgty. N 2 2 2 2 2 2 ea.
Re-bar dia. -} 20 20 20 20 20 20 mm.
Re-bar dist. from top d' 4.10 4.10 4.10 4.10 4.10 4.10 cm.
Tens. Layer 1 Re-bar qgty. N 2 2 2 2 3 3 ea
Re-bar dia. -] 20 20 20 20 20 20 mm.
Tens. Layer 2 Re-bar gty. N 0 0 0 0 0 0 ea.
Re-bar dia. o 0 0 0 0 0 0 mm
Re-bar dist. from top d 34.40 34.40 44.40 44.40 44.40 44.40
- Beam stirrup
Stirrup dia. 2] 6 6 6 6 6 6 mm.
Quantity of stirrup N 1 1 1 1 1 1 circle
Stirrup spacing s 15.0 15.0 15.0 15.0 15.0 15.0 cm.
di2 17.20 17.20 22.20 22.20 22.20 22.20 cm.
60 60.00 60.00 60.00 60.00 60.00 60.00 cm.
(AVfy)(3.5"p)]  19.39 19.39 19.39 19.39 19.39 19.39 cm.
Require stirrup spacing Sreq 17.20 17.20 19.39 19.39 19.39 19.39 cm.
- Check spacing s < Sreq OK OK OK OK OK OK
4. CHECK BENDING MOMENT RESISTANT
- Reduction factor B 0.85 0.85 0.85 0.85 0.85 0.85
- Reduction factor for flexure loads ] 0.90 0.90 0.90 0.90 0.90 0.90
- Reinforcement ratio (balance strain) pb 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
- Reinforcement ratio (minimum) pmin 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035

(P-Pmax | 0.0197 | 0.0197 0.0197 0.0197 0.0197 0.0197
(PP )min | 0.0149 0.0149 0.0116 0.0116 0.0116 0.0116

- Comp. reinforcement ratio (balance strain) P 0.0091 0.0091 0.0070 0.0068 0.0070 0.0070
- Tens. reinforcement ratio (balance strain) o] 0.0091 0.0091 0.0070 0.0068 0.0105 0.0106
(P-p) 0.0000 | 0.0000 [ 0.0000 | 0.0000 | 0.0035 | 0.0035
- Check all comp. re-bar are yield fs' < fy fs' < fy fs' < fy fs' < fy fs' < fy fs' < fy
- Check all tens. re-bar are yield fs=1fy fs =fy fs =fy fs =fy fs=fy fs =1y
R 1.92 1.90 1.90 1.85 0.09 0.10
Q 45.34 45.09 45.09 43.77 44.93 45.16
c 5.09 5.08 5.08 5.02 6.62 6.62 cm.
a 4.32 4.31 4.31 4.27 5.62 5.63 cm.

@

116.26 115.29 115.30 110.02 228.26 228.69 MPa.
eMn1 50,172 50,078 65,611 64,940 84,218 84,308 N.-m.
®Mn2 19,867 19,593 26,064 24,143 51,408 51,767 N.-m.

Comp.re-bar layer 1 stress

- Nominal moment ®Mn 70,039 69,670 91.675 89,083 135,626 | 136,075 | N.-m.
- Check Mu < ®Mn OK OK CK OK OK OK
5. CHECK SHEAR AND TORSION FORCE RESISTANT
- Reduction factor for shear and torsion @ 0.75 0.75 0.75 0.75 0.75 0.75
- Distance inside stirrup along X-Axis x1 10.80 10.80 10.80 10.80 10.80 10.80 cm.
- Distance inside stirrup along Y-Axis y1 30.80 30.80 40.80 40.80 40.80 40.80 cm.
- Coefficient of concrete inside stirrup at 1.50 1.50 1.50 1.50 1.50 1.50
Ct 0.043 0.043 0.044 0.044 0.044 0.044

- Maximum factored torsion max Tu 2,267 3.753 4.501 7.373 1.810 3.008 N.-m.
-Check Tu < max Tu OK OK OK OK OK OK
- Torsion force resistant of concrete Tc 453 751 900 1475 362 602 N.-m.
- Shear force resistant of concrete Ve 55,169 54,786 70,774 69,554 71,374 71,171 N.
- Check Vu-dVe = 2.1'@™fe'bd OK OK OK OK oK OK

Av/s 0.010 -0.010 0.009 -0.010 0.062 0.021

At/s 0.001 -0.001 0.001 -0.001 0.002 0.001
- Required re-bar area Alv+t) /s 0.009 0.009 0.009 0.009 0.033 0.012 sg.cm.
- Additional area for main re-bar Al 0.05 0.15 0.15 0.70 0.22 0.13 sg.cm.
- Additional layer at mid-section 1 1 1 1 1 1
- Re-bar per additional layer 0.02 0.05 0.05 0.23 0.07 0.04 Sg.cm.
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PROJECT : a1m1s ada.4 du (asatlidausunudulnym)
SUBJECT : Beam B7, B8, B9

CALCULATION SHEET OF BEAM
ULTIMATE STRENGTH DESIGN METHOD Refer to ACI 318-05

DESCRIPTION BEAM NO| RB7Mid | RB7End | RB8Mid | RBBEnd | RBOMid | RB9End | UNIT
1. MATERIAL PROPERTIES
- Compressive strength of concrete fic 24 24 24 24 24 24 MPa.
- Unit weight of concrete we 25 25 25 25 25 25 kN./m*3
- Elastic modulus of concrete E. 24116 24116 24,116 24116 24116 24116 MPa.
- Max. strain of concrete € 0.003 0.003 0.003 0.003 0.003 0.003
- Yield strength of reinforcing bar fy 400 400 400 400 400 400 MPa.
- Yield strength of stirrup fv 240 240 240 240 240 240 MPa.
- Elastic modulus of reinforcing bar Es 204,000 | 204,000 | 204,000 | 204,000 | 204,000 | 204,000 MPa.
2. FORCE FROM ANALYSIS
- Factored moment Mu 100,355 | 69,755 | 118,323 | 9,250 380,897 | 230,018 | N.-m.
- Factored shear Vu 62,082 37,249 49,894 29,936 256,381 | 153,829 N.
- Factored torsion Tu 8,471 8,471 1,953 1,953 677 677 N.-m.
3. SECTION PROPERTIES
- Beam width b 20 20 20 20 30 30 cm.
- Beam height h 50 50 50 50 70 70 cm.
- Max.covering ( conc.surface to edge of stirrup) cov. 4.0 4.0 4.0 4.0 4.0 4.0 cm.
- Beam main reinforcement
Comp. Layer 1 Re-bar gty. N 2 2 2 2 2 2 ea.
Re-bar dia. <] 20 20 20 20 25 25 mm.
Re-bar dist. from top d' 4.40 4.40 4.40 4.40 4.65 4.65 cm.
Tens. Layer 1 Re-bar gty. N 3 3 3 3 2 2 ea.
Re-bar dia. @ 20 20 20 20 25 25 mm.
Tens. Layer 2 Re-bar gty. N 0 0 0 0 2 2 ea.
Re-bar dia. =} 0 0 0 0 25 25 mm.
Re-bar dist. from top d 44.10 44.10 44.10 44.10 60.85 60.85
- Beam stirrup
Stirrup dia. 2] 9 9 9 9 9 9 mm.
Quantity of stirrup N 1 1 1 1 1 1 circle
Stirrup spacing s 20.0 20.0 20.0 20.0 20.0 20.0 cm.
dr2 22.05 22.05 22.05 22.05 30.43 30.43 cm.
50 60.00 60.00 60.00 60.00 60.00 60.00 cm.
(AV'fy)I(3.5'b)]  43.62 43.62 43.62 43.62 29.08 29.08 cm.
Require stirrup spacing Sreq 22.05 22.05 22.05 22.05 29.08 29.08 cm.
- Check spacing s < Sreq OK OK OK OK OK OK
4, CHECK BENDING MOMENT RESISTANT
- Reduction factor B 0.85 0.85 0.85 0.85 0.85 0.85
- Reduction factor for flexure loads =2 0.90 0.90 0.90 0.90 0.90 0.90
- Reinforcement ratio (balance strain) pb 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
- Reinfarcement ratio (minimum) pmin 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
(P-Phmax | 0.0197 | 0.0197 0.0197 0.0197 | 0.0197 | 0.0197
(P-P)min | 0.0125 0.0125 0.0126 0.0125 | 0.0096 | 0.0096
- Comp. reinforcement ratio (balance strain) p' 0.0062 0.0060 0.0065 0.0065 0.0054 0.0054
- Tens. reinforcement ratio (balance strain) <] 0.0097 0.0095 0.0101 0.0101 0.0107 0.0107
(p-p") 0.0036 0.0036 | 0.0036 0.0036 | 0.0054 | 0.0054
- Check all comp. re-bar are yield fs' < fy fs' <fy fs' <fy fs' <fy fs' < fy is' < fy
- Check all tens. re-bar are yield fs=1fy fs = fy fs = fy fs =1y fs =1y fs =1y
R -0.15 -0.20 -0.05 -0.05 -1.78 -1.78
Q 42.32 40.89 44.84 44.84 53.55 53.63
c 6.65 6.60 6.74 6.74 9.31 9.31 cm.
a 5.65 561 5.73 5.73 7.91 7.92 cm.
Comp.re-bar layer 1 stress fs' 203.20 200.01 208.51 208.51 300.39 300.44 MPa.
eMn1 84,030 | 83406 | 85.091 85.091 | 243.172 | 243.211 | N.-m.
®Mn2 39,568 37,631 43,021 43,021 148,720 | 148.964 N.-m.
- Nominal moment ®Mn 123,598 | 121,037 | 128,112 | 128,112 | 391,891 | 392,174 N.-m.
- Check Mu < ®Mn OK OK OK OK OK OK
5. CHECK SHEAR AND TORSION FORCE RESISTANT
- Reduction factor for shear and torsion P 0.75 0.75 0.75 0.75 0.75 0.75
- Distance inside stirrup along X-Axis x1 10.20 10.20 10.20 10.20 20.20 20.20 cm.
- Distance inside stirrup along Y-Axis y1 40.20 40.20 40.20 40.20 60.20 60.20 cm.
- Coefficient of concrete inside stirrup at 1.50 1.50 1.50 1.50 1.50 1.50
Ct 0.044 0.044 0.044 0.044 0.029 0.029
- Maximum factored torsion max Tu 26,565 29,629 12,640 18,627 1,922 3,202 N.-m.
-Check Tu < maxTu OK OK OK OK OK OK
- Torsion force resistant of concrete Te 5313 5,926 2,528 3,725 384 6840 N.-m.
- Shear force resistant of concrete Ve 39,307 26,305 65,194 57,643 | 146,937 | 146,889 N.
-Check Vu-dVe = 2.1*@"fc'b'd oK OK OK OK oK OK
Avls 0.025 0.014 0.001 -0.010 0.082 0.024
Ats 0.025 0.022 0.000 -0.005 0.001 0.000
- Required re-bar area AlvHt) /s 0.037 0.029 0.009 0.009 0.042 0.013 sg.cm.
- Additional area for main re-bar Al 2.50 3.05 1.53 2.39 0.12 0.06 s¢.cm.
- Additional layer at mid-section 1 1 1 1 2 2
- Re-bar per additional layer 0.83 1.02 0.51 0.80 0.03 0.01 sg.cm.
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PROJECT : a1a1s aaa.4 du (Marsanussurudulin, nssidnuii 2)
SUBJECT : Beam B1, B2, B3
CALCULATION SHEET OF BEAM
ULTIMATE STRENGTH DESIGN METHOD Refer to ACI 318-05
DESCRIPTION BEAM NO.| RB1Mid | RB1End | RB2Mid | RB2End | RB3Mid | RB3End | UNIT
1. MATERIAL PROPERTIES
- Compressive strength of concrete fic 24 24 24 24 24 24 MPa.
- Unit weight of concrete wWe 24 24 24 24 24 24 kN./m*3
- Elastic modulus of concrete Ec 24,116 24,116 24,116 24,116 24,116 24,116 MPa.
- Max. strain of concrete £ 0.003 0.003 0.003 0.003 0.003 0.003
- Yield strength of reinforcing bar fy 400 400 400 400 400 400 MPa.
- Yield strength of stirrup fv 240 240 240 240 240 240 MPa.
- Elastic modulus of reinforcing bar = 204,000 | 204,000 | 204,000 | 204,000 | 204,000 | 204,000 MPa.
2. FORCE FROM ANALYSIS (BY STAAD PRO PROGRAM)
- Factored moment Mu 94,330 | 112,882 | 88,706 | 84,066 | 189,310 | 197,206 | N.-m.
- Factored shear Vu 47,943 28,766 | 103,354 | 62,012 | 149,393 | 89,636 N.
- Factored torsion Tu 551 551 1,532 1,532 3,770 3,770 N.-m.
3. SECTION PROPERTIES
- Beam width b 20 20 20 20 20 20 cm.
- Beam height h 40 40 40 40 50 50 cm.
- Max.covering ( conc.surface to edge of stirrup) cov. 4.0 4.0 4.0 4.0 4.0 4.0 cm.
- Beam main reinforcement
Comp. Layer 1 Re-bar qty. N 2 2 2 2 2 2 ea.
Re-bar dia. -} 20 20 20 20 20 20 mm.
Re-bar dist. from top d' 4.10 4.10 4.10 4.10 4.40 4.40 cm.
Tens. Layer 1 Re-bar gty N 2 2 2 2 3 3 ea.
Re-bar dia. -} 20 20 20 20 20 20 mm.
Tens. Layer 2 Re-bar qty. N 1 2 1 1 2 2 ea.
Re-bar dia. -} 20 20 20 20 20 20 mm.
Re-bar dist. from top d 32.40 31.40 32.40 32.40 41.70 41.70
- Beam stirrup
Stirrup dia. 2 6 6 6 6 9 9 mm.
Quantity of stirrup N 1 1 1 1 1 1 circle
Stirrup spacing s 15.0 15.0 15.0 15.0 20.0 20.0 cm.
dr2 16.20 15.70 16.20 16.20 20.85 20.85 cm.
60 60.00 60.00 60.00 60.00 60.00 60.00 cm.
(Av*fy)/(3.5'b)] 19.39 19.39 19.39 19.39 43.62 43.62 cm.
Require stirrup spacing Sreq 16.20 15.70 16.20 16.20 20.85 20.85 cm.
- Check spacing s < Sreq OK QK OK OK OK OK
4. CHECK BENDING MOMENT RESISTANT
- Reduction factor B 0.85 0.85 0.85 0.85 0.85 0.85
- Reduction factor for flexure loads > 0.90 0.90 0.90 0.90 0.90 0.90
- Reinforcement ratio (balance strain) pb 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
- Reinforcement ratio (minimum) pmin 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
(P-P)max | 0.0197 0.0197 | 0.0197 | 0.0197 | 0.0197 | 0.0197
(PP )min | 0.0158 0.0163 | 0.0158 | 0.0158 | 0.0132 | 0.0132
- Comp. reinforcement ratio (balance strain) p' 0.0097 0.0098 0.0094 0.0094 0.0070 0.0070
- Tens. reinforcement ratio (balance strain) o] 0.0145 0.0198 0.0143 0.0142 0.0183 0.0183
(p-p") 0.0048 0.0100 | 0.0048 | 0.0048 | 0.0113 [ 0.0113
- Check all comp. re-bar are yield fs' < fy fs' < fy fs' < fy fs' < fy fs' < fy fs' < fy
- Check all tens. re-bar are yield fs =fy fs =1y fs =fy fs =1y fs =fy fs =fy
R 0.10 -1.74 0.05 0.05 -3.66 -3.66
Q 45.31 44.63 44.14 43.97 45.11 45.16
c 6.63 8.64 6.59 6.59 11.31 11.31 cm.
a 5.64 7.34 5.60 5.60 9.61 9.61 cm.
Comp.re-bar layer 1 stress fs' 228.97 315.35 226.80 226.48 366.58 366.59 MPa.
$Mn1 60,021 73,3256 | 59,704 59,658 | 127,679 | 127,682 | N.-m.
dMn2 36,523 | 47,795 | 35243 | 35,059 | 71487 | 71,569 N.-m.
- Nominal moment dMn 96,544 | 121,120 | 94,948 | 94,717 | 199,166 [ 199,252 | N.-m.
- Check Mu < ®Mn OK OK QK OK OK QK
5. CHECK SHEAR AND TORSION FORCE RESISTANT
- Reduction factor for shear and torsion ¢ 0.75 0.75 0.75 0.75 0.75 0.75
- Distance inside stirrup along X-Axis x1 10.80 10.80 10.80 10.80 10.20 10.20 cm.
- Distance inside stirrup along Y-Axis y1 30.80 30.80 30.80 30.80 40.20 40.20 cm.
- Coefficient of concrete inside stirrup at 1.50 1.50 1.50 1.50 1.50 1.50
Ct 0.041 0.039 0.041 0.041 0.042 0.042
- Maximum factored torsion max Tu 2,950 4715 3.787 6.192 8.117 12,810 N.-m.
-Check Tu < maxTu CK OK OK OK OK CK
- Torsion force resistant of concrete Tc 590 943 757 1.238 1,623 2,562 N.-m.
- Shear force resistant of concrete Ve 51,818 49,688 51,590 50,609 64,932 61,490 N.
-Check Vu-®Ve = 217" fc'bd OK CK OK OK OK OK
Av/s 0.010 -0.009 0.068 0.025 0.082 0.035
Atls 0.001 -0.001 0.007 0.004 0.014 0.010
- Required re-bar area A(vtt) /s 0.009 0.009 0.040 0.017 0.055 0.028 sq.cm.
- Additional area for main re-bar Al 0.06 0.34 0.55 0.62 142 1.40 sq.cm.
- Additional layer at mid-section 1 1 1 1 1 1
- Re-bar per additional layer 0.02 0.11 0.18 0.21 0.47 0.47 sq.cm.
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PROJECT : 21a1s aaa.4 du (iarsauseunudulug, nsaidnuni 2)
SUBJECT : Beam B4, B5. B6
CALCULATION SHEET OF BEAM
ULTIMATE STRENGTH DESIGN METHOD Refer to ACI 318-05
DESCRIPTION BEAM NO.| RB4Mid | RB4End | RB5Mid | RB5End | RB6Mid | RB6End | UNIT
1. MATERIAL PROPERTIES
- Compressive strength of concrete fc 24 24 24 24 24 24 MPa.
- Unit weight of concrete W, 24 24 24 24 24 24 KN./m*3
- Elastic modulus of concrete Ec 24.116 24,116 24116 24.116 24.116 24.116 MPa.
- Max. strain of concrete £ 0.003 0.003 0.003 0.003 0.003 0.003
- Yield strength of reinforcing bar fy 400 400 400 400 400 400 MPa.
- Yield strength of stirrup fv 240 240 240 240 240 240 MPa.
- Elastic modulus of reinforcing bar =N 204,000 | 204,000 | 204,000 | 204,000 | 204,000 | 204,000 MPa.
2. FORCE FROM ANALYSIS
- Factored moment Mu 249,337 | 262,206 | 195,989 | 217,225 | 54,783 | 92,368 N.-m.
- Factored shear Vu 228,557 | 137,134 | 274,208 | 164,525 | 134,497 | 80,698 N.
- Factored torsion Tu 1,249 1,249 5,724 5,724 689 689 N.-m
3. SECTION PROPERTIES
- Beam width b 25 25 25 25 20 20 cm.
- Beam height h 50 50 50 50 50 50 cm.
- Max.covering ( conc.surface to edge of stirrup) cov 4.0 4.0 4.0 4.0 4.0 4.0 cm.
- Beam main reinforcement
Comp. Layer 1 Re-bar qty. N 2 2 2 2 2 2 ea.
Re-bar dia. -] 25 25 25 25 20 20 mm.
Re-bar dist. from top d 4.85 4.65 4.65 4.65 4.40 4.40 cm.
Tens. Layer 1 Re-bar qty. N 3 3 3 3 3 3 ea.
Re-bar dia. 2] 25 25 25 25 20 20 mm.
Tens. Layer 2 Re-bar qty. N 2 2 2 2 0 0 ea.
Re-bar dia. -] 20 20 20 20 0 0 mm.
Re-bar dist. from top d 42.06 42.06 42.06 42.06 44.10 44.10
- Beam stirrup
Stirrup dia. -] 9 9 9 9 9 9 mm.
Quantity of stirrup 1 1 1 1 1 1 circle
Stirrup spacing s 20.0 20.0 20.0 20.0 20.0 20.0 cm.
di2 21.03 21.03 21.03 21.03 22.05 22.05 cm.
60 60.00 60.00 60.00 60.00 60.00 60.00 cm.
(AVfy)/(3.5"b)]  34.90 34.90 34.90 34.90 43.62 43.62 cm.
Require stirrup spacing Sreq 21.03 21.03 21.03 21.03 22.05 22.05 cm.
- Check spacing s < Sreq OK OK OK OK OK OK
4. CHECK BENDING MOMENT RESISTANT
- Reduction factor B 0.85 0.85 0.85 0.85 0.85 0.85
- Reduction factor for flexure loads ¢ 0.90 0.90 0.90 0.90 0.90 0.90
- Reinforcement ratio (balance strain) pb 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
- Reinforcement ratio (minimum) pmin 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
(P-Pmax | 0.0197 0.0197 0.0197 | 0.0197 | 0.0197 0.0197
(PP min 0.0138 0.0138 0.0138 | 0.0138 | 0.0125 0.0125
- Comp. reinforcement ratio (balance strain) p' 0.0092 0.0092 0.0088 0.0089 0.0070 0.0071
- Tens. reinforcement ratio (balance strain) P 0.0199 0.0199 0.0194 0.0195 0.0106 0.0106
(P-p') 0.0106 0.0106 0.0106 | 0.0106 | 0.0036 0.0036
- Check all comp. re-bar are yield fs' <fy fs' < fy fs' <fy fs' <fy fs' <fy fs' <fy
- Check all tens. re-bar are yield fs =1y fs =1y fs =1y fs =1y fs=fy fs =1y
R -2.79 -2.79 -2.91 -2.88 0.08 0.10
Q 63.63 63.84 60.46 61.19 48.18 48.44
c 11.25 11.25 11.21 11.22 6.86 6.87 cm.
a 9.56 9.56 9.53 9.54 5.83 5.84 cm.
Comp.re-bar layer 1 stress fs' 351.93 351.98 351.25 351.41 215.02 215.49 MPa.
¢Mn1 160.355 | 160,380 | 159.971 | 160.060 | 86.427 86.527 N.-m.
$Mn2 114,846 | 115,230 | 108,912 | 110,269 | 47,673 | 48.034 N.-m
- Nominal moment $Mn 275,202 | 275,610 | 268,883 | 270,329 | 134,100 | 134,561 | N.-m
- Check Mu < ®Mn OK OK OK OK OK OK
5. CHECK SHEAR AND TORSION FORCE RESISTANT
- Reduction factor for shear and torsion L] 0.75 0.75 0.75 0.75 0.75 0.75
- Distance inside stirrup along X-Axis x1 15.20 15.20 15.20 15.20 10.20 10.20 cm.
- Distance inside stirrup along Y-Axis y1 40.20 40.20 40.20 40.20 40.20 40.20 cm.
- Coefficient of concrete inside stirrup at 1.50 1.50 1.50 1.50 1.50 1.50
Ct 0.034 0.034 0.034 0.034 0.044 0.044
- Maximum factored torsion max Tu 2,289 3,808 8,619 13,998 1,798 2,988 N.-m
-Check Tu < max Tu OK QK QK QK OK OK
- Torsion force resistant of concrete Te 458 762 1.724 2,800 360 598 N.-m
- Shear force resistant of concrete Ve 84,554 84,396 83,368 81,236 70,894 70,694 N.
-Check Vu-®Ve = 2.1*¢*fc*b'd OK OK CK OK OK OK
Avls 0.133 0.060 0.171 0.084 0.063 0.021
At/s 0.003 0.003 0.016 0.013 0.002 0.001
- Required re-bar area Alv+t) /s 0.070 0.032 0.102 0.055 0.034 0.012 sqg.cm.
- Additional area for main re-bar Al 0.37 0.28 1.82 149 0.23 0.13 sg.cm.
- Additional layer at mid-section 1 1 1 1 1 1
- Re-bar per additional layer 0.12 0.09 0.61 0.50 0.08 0.04 s¢.cm.
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PROJECT : 21015 asa.4 AU (fiarsausenHudulum, nsaidani 2)
SUBJECT : Beam B7, B8, B9
CALCULATION SHEET OF BEAM
ULTIMATE STRENGTH DESIGN METHOD Refer to ACI 318-05
DESCRIPTION BEAM NO.| RB7Mid | RB7End | RB8Mid | RB8End | RBOMid | RB9End | UNIT
1. MATERIAL PROPERTIES
- Compressive strength of concrete fe 28 28 28 28 28 28 MPa.
- Unit weight of concrete We 25 25 25 25 25 25 kN./m*3
- Elastic modulus of concrete E. 24,116 24,116 24,116 24116 24.116 24116 MPa.
- Max. strain of concrete £ 0.003 0.003 0.003 0.003 0.003 0.003
- Yield strength of reinforcing bar fy 400 400 400 400 400 400 MPa.
- Yield strength of stirrup fv 240 240 240 240 240 240 MPa.
- Elastic modulus of reinforcing bar E, 204,000 | 204,000 | 204,000 | 204,000 | 204,000 | 204,000 MPa.
2. FORCE FROM ANALYSIS
- Factored moment Mu 100,355 | 87,961 | 121,020 | 42,274 | 380,897 | 265,979 | N.-m
- Factored shear Vu 65,128 39,077 59,505 | 35,703 | 218,731 | 131,238 N.
- Factored torsion Tu 8,471 8,471 2,105 2,105 677 677 N.-m
3. SECTION PROPERTIES
- Beam width b 20 20 25 25 30 30 cm.
- Beam height h 50 50 60 60 70 70 cm.
- Max.covering ( conc.surface to edge of stirrup) cov. 4.0 4.0 4.0 4.0 4.0 4.0 cm.
- Beam main reinforcement
Comp. Layer 1 Re-bar qgty. N 2 2 2 2 2 2 ea.
Re-bar dia. ] 20 20 20 20 25 25 mm.
Re-bar dist. from top d 4.40 4.40 4.40 4.40 4.65 4.65 cm.
Tens. Layer 1 Re-bar qty. N 2 2 3 3 2 2 ea.
Re-bar dia. [} 20 20 20 20 25 25 mm.
Tens. Layer 2 Re-bar qty. N 1 1 0 0 2 2 ea.
Re-bar dia. @ 20 20 0 0 25 25 mm.
Re-bar dist. from top d 42.10 42.10 54.10 54.10 60.85 60.85
- Beam stirrup
Stirrup dia. [} 9 9 9 9 9 9 mm.
Quantity of stirrup N 1 1 1 1 1 1 circle
Stirrup spacing s 20.0 20.0 20.0 20.0 20.0 20.0 cm.
dr2 21.05 21.05 27.05 27.05 30.43 30.43 cm.
60 60.00 60.00 60.00 60.00 60.00 60.00 cm.
(Avfy)(3.5"h)| 43.62 43.62 34.90 34.90 29.08 29.08 cm.
Require stirrup spacing Sreq 21.05 21.05 27.05 27.05 29.08 29.08 cm.
- Check spacing s < Sreq OK QK QK QK QK QK
4. CHECK BENDING MOMENT RESISTANT
- Reduction factor B 0.85 0.85 0.85 0.85 0.85 0.85
- Reduction factor for flexure loads 2] 0.90 0.90 0.90 0.20 0.90 0.90
- Reinforcement ratio (balance strain) pb 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
- Reinforcement ratio (minimum) pmin 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
(P-P')max | 0.0197 0.0197 0.0197 | 0.0197 | 0.0197 | 0.0197
(PP'Imin 0.0131 0.0131 0.0102 | 0.0102 | 0.0096 | 0.0096
- Comp. reinforcement ratio (balance strain) P 0.0064 0.0063 0.0042 0.0039 0.0054 0.0054
- Tens. reinforcement ratio (balance strain) p 0.0102 0.0100 0.0065 0.0062 0.0107 0.0108
(p-p") 0.0037 0.0037 0.0023 | 0.0023 | 0.0054 | 0.0054
- Check all comp. re-bar are yield fs' < fy fs' < fy fs' <fy fs' < fy fs' < fy fs' < fy
- Check all tens. re-bar are yield fs = fy fs =1y fs =1y fs = fy fs = fy fs =1y
R -0.15 -0.19 -0.05 -0.16 -1.78 -1.78
Q 42.14 41.31 3543 32.76 53.57 53.66
c 6.65 5.62 5.01 5.89 9.31 9.31 cm.
a 5.65 5.62 5.11 5.00 7.91 7.92 cm.
Comp.re-bar layer 1 stress fs' 202.81 200.96 160.56 151.48 300.40 30046 MPa.
$Mn1 79.887 79,542 | 118,458 | 116,177 | 243,182 | 243,227 | N.-m.
$Mn2 37,349 36,273 | 40,963 | 35734 | 148783 | 149,069 | N.-m.
- Nominal moment $Mn 117.236 | 115.814 | 159422 | 151.911 ] 391,964 | 392,296 | N.-m.
- Check Mu < $Mn OK OK OK OK OK OK
5. CHECK SHEAR AND TORSION FORCE RESISTANT
- Reduction factor for shear and torsion ¢ 0.75 0.75 0.75 0.75 0.75 0.75
- Distance inside stirrup along X-Axis x1 10.20 10.20 15.20 15.20 20.20 20.20 cm.
- Distance inside stirrup along Y-Axis y1 40.20 40.20 50.20 50.20 60.20 60.20 cm.
- Coefficient of concrete inside stirrup at 1.50 1.50 1.50 1.50 1.50 1.50
Ct 0.042 0.042 0.036 0.036 0.029 0.029
- Maximum factored torsion max Tu 25759 29,216 18,178 28,079 2,253 3,753 N.-m
-Check Tu < max Tu OK QK QK QK QK OK
- Torsion force resistant of concrete Tc 5,152 5,843 3,636 5616 451 751 N.-m.
- Shear force resistant of concrete Ve 39,984 27,210 | 103,734 | 96,139 | 146,927 | 146,861 N.
-Check Vu-dVe < 2.1*d*/fc*bd OK OK OK OK OK OK
Av/s 0.028 0.015 -0.011 -0.023 0.061 0.012
Atls 0.025 0.023 -0.002 -0.008 0.001 0.000
- Required re-bar area A(v+t) /s 0.040 0.030 0.011 0.011 0.031 0.013 sg.cm.
- Additional area for main re-bar Al 2.57 2.89 1.74 3.03 0.10 0.03 sg.cm.
- Additional layer at mid-section 1 1 1 1 2 2
- Re-bar per additional layer 0.86 0.96 0.58 1.01 0.03 0.01 sg.Cm.
T
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PROJECT : 21A15 ada.4 AU (Warsaauseuruduliiansaldnuil 3)

SUBJECT : Beam B1, B2, B3

CALCULATION SHEET OF BEAM
ULTIMATE STRENGTH DESIGN METHOD Refer to ACI 318-05

DESCRIPTION BEAM NO.| RE1Mid | RB1End | RB2Mid | RB2End | RB3Mid | RB3End | UNIT
1. MATERIAL PROPERTIES
- Compressive strength of concrete fc 24 24 24 24 24 24 MPa.
- Unit weight of concrete W 24 24 24 24 24 24 kN./m"3
- Elastic modulus of concrete = 24,116 24116 24,116 24,116 24,116 24,116 MPa.
- Max. strain of concrete € 0.003 0.003 0.003 0.003 0.003 0.003
- Yield strength of reinforcing bar fy 400 400 400 400 400 400 MPa.
- Yield strength of stirrup fv 240 240 240 240 240 240 MPa.
- Elastic modulus of reinforcing bar Es 204,000 | 204,000 | 204,000 | 204,000 | 204,000 | 204,000 MPa.
2. FORCE FROM ANALYSIS
- Factored moment Mu 59,187 82,395 | 50,768 | 66,649 | 121,023 | 128,919 | N.-m.
- Factored shear Vu 37,076 22,245 | 58,337 | 35,002 | 99429 | 59,658 N.
- Factored torsion Tu 233 233 138 138 2,551 2,551 N.-m.
3. SECTION PROPERTIES
- Beam width b 20 20 20 20 20 20 cm.
- Beam height h 40 40 40 40 50 50 cm.
- Max.covering ( conc.surface to edge of stirrup) cov. 4.0 4.0 4.0 4.0 4.0 4.0 cm.
- Beam main reinforcement
Comp. Layer 1 Re-bar qty. N 2 2 2 2 2 2 ea
Re-bar dia. [} 16 16 16 16 20 20 mm.
Re-bar dist. from top d' 3.90 3.90 3.90 3.90 4.40 4.40 cm.
Tens. Layer 1 Re-bar qty. N 3 3 2 2 2 2 ea
Re-bar dia. [} 16 16 16 16 20 20 mm.
Tens. Layer 2 Re-bar qty. N 2 2 2 2 2 2 ea
Re-bar dia. [} 16 16 16 16 20 20 mm.
Re-bar dist. from top d 32.20 32.20 31.60 31.60 41.10 41.10
- Beam stirrup
Stirrup dia. [} 6 6 6 6 9 9 mm
Quantity of stirrup N 1 1 1 1 1 1 circle
Stirrup spacing s 15.0 15.0 15.0 15.0 20.0 20.0 cm.
df2 16.10 16.10 15.80 16.80 20.55 20.55 cm.
60 60.00 60.00 60.00 60.00 60.00 60.00 cm.
(AVy)/(3.5"b)| 19.39 19.39 19.39 19.39 43.62 43.62 cm.
Redquire stirrup spacing Sreq 16.10 16.10 15.80 15.80 20.55 20.55 cm.
- Check spacing s < Sreq OK OK OK OK OK OK
4. CHECK BENDING MOMENT RESISTANT
- Reduction factor B 0.85 0.85 0.85 0.85 0.85 0.85
- Reduction factor for flexure loads ) 0.90 0.90 0.90 0.90 0.90 0.90
- Reinforcement ratio (balance strain) pb 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
- Reinforcement ratio (minimum) pmin 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035

(p'pl)max 0.0197

0.0197 0.0197 0.0197 0.0197 0.0197

(P"Pl)min 0.0152

0.0152 0.0154 0.0154 0.0134 0.0134

- Comp. reinforcement ratio (balance strain) p 0.0062 0.0063 0.0063 0.0064 0.0073 0.0070
- Tens. reinforcement ratio (balance strain) P 0.0156 0.0156 0.0127 0.0127 0.0150 0.0147
(p-p) 0.0094 | 0.0094 | 0.0064 | 0.0064 | 0.0076 | 0.0078
- Check all comp. re-bar are yield fs' < fy fs' <fy fs' < fy fs' < fy fs' <fy fs' < fy
- Check all tens. re-bar are yield fs =fy fs = fy fs = fy fs = fy fs = fy fs =1y
R -2.25 -2.24 -1.09 -1.09 -1.79 -1.86
Q 27.69 27.85 27.61 27.69 46.68 44.76

[ 7.97 7.98 6.46 6.46 8.85 8.81 cm.

a 6.78 6.78 5.49 5.49 752 749 cm.

Comp.re-bar layer 1 stress fs' 306.48 306.63 237.79 237.97 301.66 300.24 MPa.

$Mn1 70,287

70318 57,044 57.069 | 101,106 | 100,677 | N.-m.

dMn2 31.403

31,597 23,784 23,868 59,901 57173 N.-m.

- Nominal moment $Mn 101,689 | 101,916 | 80,828 | 80,937 | 161,007 | 157,850 | N.-m.
- Check Mu < ®Mn OK OK OK OK OK OK
5. CHECK SHEAR AND TORSION FORCE RESISTANT
- Reduction factor for shear and torsion ¢ 0.75 0.75 0.75 0.75 0.75 0.75
- Distance inside stirrup along X-Axis x1 10.80 10.80 10.80 10.80 10.20 10.20 cm.
- Distance inside stirrup along Y-Axis y1 30.80 30.80 30.80 30.80 40.20 40.20 cm.
- Coefficient of concrete inside stirrup at 1.50 1.50 1.50 1.50 1.50 1.50
Ct 0.040 0.040 0.040 0.040 0.041 0.041

- Maximum factored torsion max Tu 1.611 2,676 597 995 8.133 12,833 N.-m.
-Check Tu < max Tu OK OK QK CK OK OK
- Torsion force resistant of concrete Tc 322 535 119 199 1,627 2,567 N.-m.
- Shear force resistant of concrete Ve 51.743 51,560 50,866 50.841 63,989 60,585 N.
-Check Vu-®dVe £ 2.1"0"fc"b™d OK OK OK OK OK OK

Avls -0.002 -0.017 0.022 -0.003 0.043 0.012

Atls 0.000 -0.001 0.000 0.000 0.007 0.003
- Required re-bar area Alvt) /s 0.009 0.009 0.011 0.009 0.029 0.009 sg.cm.
- Additional area for main re-bar Al 0.00 -0.07 0.03 -0.01 0.81 1.55 sg.cM.
- Additional layer at mid-section 1 1 1 1 1 1
- Re-bar per additional layer 0.00 -0.02 0.01 0.00 0.27 0.52 Sq.cm.

d' = o Y o = d' a [ =Y d'
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PROJECT : anm15 ada.4 du (Wasarusvurivduluinsaidnuni 3)
SUBJECT : Beam B4 BS. B6
CALCULATION SHEET OF BEAM
ULTIMATE STRENGTH DESIGN METHOD Refer to ACI 318-05
DESCRIPTION BEAM NOJ| RB4Mid | RB4End | RB5Mid | RB5End | RB6Mid | RB6End | UNIT
1. MATERIAL PROPERTIES
- Compressive strength of concrete fic 24 24 24 24 24 24 MPa.
- Unit weight of concrete We 24 24 24 24 24 24 kN./m*3
- Elastic modulus of concrete E. 24,116 24116 24,116 24,116 24,116 24,116 MPa.
- Max. strain of concrete £ 0.003 0.003 0.003 0.003 0.003 0.003
- Yield strength of reinforcing bar fy 400 400 400 400 400 400 MPa.
- Yield strength of stirrup fv 240 240 240 240 240 240 MPa.
- Elastic modulus of reinforcing bar E. 204,000 | 204,000 | 204,000 | 204,000 | 204,000 | 204,000 MPa.
2, FORCE FROM ANALYSIS
- Factored moment Mu 158,981 | 171,871 | 116,313 | 129,353 | 53,805 92,368 N.-m.
- Factored shear Vu 150,047 | 90,028 | 164,733 | 98,840 | 134,497 | 80,698 N.
- Factored torsion Tu 932 932 4,182 4,182 639 689 N.-m
3, SECTION PROPERTIES
- Beam width b 25 25 25 25 20 20 cm.
- Beam height h 50 50 50 50 50 50 cm.
- Max.covering ( conc.surface to edge of stirrup) cov. 4.0 4.0 4.0 4.0 4.0 4.0 cm.
- Beam main reinforcement
Comp. Layer 1 Re-bar qty. N 2 2 2 2 2 2 ea.
Re-bar dia. [-] 25 25 25 25 20 20 mm.
Re-bar dist. from top d' 4.65 4.65 4.65 4.65 4.40 4.40 cm.
Tens. Layer 1 Re-bar qty. N 2 2 2 2 3 3 ea.
Re-bar dia. -] 25 25 25 25 20 20 mm.
Tens. Layer 2 Re-bar qty. N 2 2 2 2 0 0 ea.
Re-bar dia. -] 16 16 16 16 0 0 mm.
Re-bar dist. from top d 42.11 42.11 42.11 42.11 44.10 44.10
- Beam stirrup
Stirrup dia. -] 9 9 9 9 9 9 mm.
Quantity of stirrup N 1 1 1 1 1 1 circle
Stirrup spacing s 20.0 20.0 20.0 20.0 20.0 20.0 cm.
di2 21.05 21.05 21.05 21.05 22.05 22.05 cm.
60 60.00 60.00 60.00 60.00 60.00 60.00 cm.
(AV*Ty)(3.5"h)] 34.90 34.90 34.90 34.90 43.62 43.62 cm.
Require stirrup spacing Sreq| 21.05 21.05 21.05 21.05 22.05 22.05 cm.
- Check spacing s < Sreq OK OK OK OK OK QK
4. CHECK BENDING MOMENT RESISTANT
- Reduction factor B 0.85 0.85 0.85 0.85 0.85 0.85
- Reduction factor for flexure loads ¢ 0.90 0.90 0.90 0.90 0.90 0.90
- Reinforcement ratio (balance strain) pb 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
- Reinforcement ratio (minimum) pmin 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
(PP )max 0.0197 0.0197 0.0197 0.0197 0.0197 0.0197
(PP )min 0.0138 0.0138 0.0138 0.0138 0.0125 0.0125
- Comp. reinforcement ratio (balance strain) P 0.0093 0.0093 0.0090 0.0088 0.0070 0.0071
- Tens. reinforcement ratio (balance strain) p 0.0131 0.0131 0.0128 0.0126 0.0106 0.0106
(p-p") 0.0038 0.0038 0.0038 0.0038 0.0036 0.0036
- Check all comp. re-bar are yield fs' < fy fs' < fy fs' < fy fs' < fy fs' <fy fs' < fy
- Check all tens. re-bar are yield fs =fy fs =fy fs =fy fs =1fy fs =fy fs =fy
R 0.53 0.54 0.46 0.41 0.08 0.10
Q 63.96 64.19 62.09 60.75 48.18 48.44
c 7.49 7.49 7.44 7.40 6.86 6.87 cm.
a 6.36 6.37 6.32 6.29 5.83 5.84 cm.
Comp.re-bar layer 1 stress fs' 227.42 227.74 224.80 222.86 215.02 21549 MPa.
@Mn1 111494 | 111,582 | 110,781 | 110,255 | 86.427 86,527 N.-m.
$Mn2 74,697 75,073 71,682 69,519 47,673 48,034 N.-m.
- Nominal moment @Mn 186,191 | 186,655 | 182,462 | 179.774 | 134,100 | 134,561 N.-m.
- Check Mu < ¢Mn OK OK QK CK OK QK
5. CHECK SHEAR AND TORSION FORCE RESISTANT
- Reduction factor for shear and torsion ¢ 0.75 0.75 0.75 0.75 0.75 0.75
- Distance inside stirrup along X-Axis x1 15.20 15.20 15.20 15.20 10.20 10.20 cm.
- Distance inside stirrup along Y-Axis y1 40.20 40.20 40.20 40.20 40.20 40.20 cm.
- Coefficient of concrete inside stirrup at 1.50 1.50 1.50 1.50 1.50 1.50
Ct 0.034 0.034 0.034 0.034 0.044 0.044
- Maximum factored torsion max Tu 2,603 4.328 10.419 16.727 1.798 2,988 N.-m
-Check Tu < max Tu OK OK QK CK OK QK
- Torsion force resistant of concrete Tc 521 866 2.084 3.345 360 598 N.-m.
- Shear force resistant of concrete Ve 84,630 84,426 82,874 79.831 70,894 70,694 N.
- Check Vu-$Ve = 2.1"°d*\fc'b'd oK OK OK oK OK OK
Avls 0.070 0.022 0.083 0.031 0.063 0.021
At/s 0.002 0.001 0.010 0.006 0.002 0.001
- Required re-bar area Alv+t) /s 0.037 0.012 0.051 0.022 0.034 0.012 sg.cm.
- Additional area for main re-bar Al 0.22 0.12 1.08 1.69 0.23 0.13 sg.cm.
- Additional layer at mid-section 1 1 1 1 1 1
- Re-bar per additional layer 0.07 0.04 0.36 0.56 0.08 0.04 sg.cm.
d' = o Y o = d' a [ =Y d'
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PROJECT : 2115 ada.4 du (Watsausvurudulinnsaidnuil 3)
SUBJECT : Beam BT’i BSI B9
CALCULATION SHEET OF BEAM
ULTIMATE STRENGTH DESIGN METHOD Refer to ACI 318-05
DESCRIPTION BEAM NO.| RB7Mid | RB7End | RBSMid | RBBEnd | RB9Mid | RB9End | UNIT
1. MATERIAL PROPERTIES
- Compressive strength of concrete f'e 28 28 28 28 28 28 MPa.
- Unit weight of concrete W, 25 25 25 25 25 25 KN./m*3
- Elastic modulus of concrete = 24,116 24116 24,116 24,116 24,116 24,116 MPa.
- Max. strain of concrete £ 0.003 0.003 0.003 0.003 0.003 0.003
- Yield strength of reinforcing bar fy 400 400 400 400 400 400 MPa.
- Yield strength of stirrup fv 240 240 240 240 240 240 MPa.
- Elastic modulus of reinforcing bar Es 204,000 | 204,000 | 204,000 | 204,000 | 204,000 | 204,000 MPa.
2. FORCE FROM ANALYSIS
- Factored moment Mu 100,355 | 72,406 | 119,833 | 29,986 | 380,897 | 230,018 | N.-m.
- Factored shear Vu 64,191 38,515 56,140 33,684 | 256,381 | 153,829 N.
- Factored torsion Tu 8,471 8,471 1,964 1,964 677 677 N.-m
3. SECTION PROPERTIES
- Beam width b 20 20 20 20 30 30 cm.
- Beam height h 50 50 50 50 70 70 cm.
- Max.covering ( conc.surface to edge of stirrup) cov. 4.0 4.0 4.0 4.0 4.0 4.0 cm.
- Beam main reinforcement
Comp. Layer 1 Re-bar qty. N 2 2 2 2 2 2 ea.
Re-bar dia. [-] 20 20 20 20 25 25 mm.
Re-bar dist. from top d' 4.40 4.40 4.40 4.40 4.65 4.65 cm.
Tens. Layer 1 Re-bar qty. N 3 3 3 3 2 2 ea.
Re-bar dia. ° 20 20 20 20 25 25 mm.
Tens. Layer 2 Re-bar qty. N 0 0 0 0 2 2 ea.
Re-bar dia. -] 20 20 0 0 25 25 mm.
Re-bar dist. from top d 44.10 44,10 44.10 44.10 60.85 60.85
- Beam stirrup
Stirrup dia. =] 9 9 9 9 9 9 mm.
Quantity of stirrup N 1 1 1 1 1 1 circle
Stirrup spacing s 20.0 20.0 20.0 20.0 20.0 20.0 cm.
di2 22.05 22.05 22.05 22.05 30.43 30.43 cm.
60 60.00 60.00 60.00 60.00 60.00 60.00 cm.
(AV'Ty)/(3.57b)| 43.62 43.62 43.62 43.62 29.08 29.08 cm.
Require stirrup spacing Sreq 22.05 22.05 22.05 22.05 29.08 29.08 cm.
- Check spacing s < Sreq OK OK OK OK OK 0K
4. CHECK BENDING MOMENT RESISTANT
- Reduction factor B 0.85 0.85 0.85 0.85 0.85 0.85
- Reduction factor for flexure loads ] 0.90 0.90 0.90 0.90 0.90 0.90
- Reinforcement ratio (balance strain) pb 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
- Reinforcement ratio (minimum) pmin 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
(P-Pmax | 0.0197 | 0.0197 | 0.0197 | 0.0197 | 0.0197 | 0.0197
(P-P)mn | 00125 | 0.0125 | 00125 | 0.0125 | 0.0096 | 0.0096
- Comp. reinforcement ratio (balance strain) p' 0.0062 0.0060 0.0066 0.0063 0.0054 0.0054
- Tens. reinforcement ratio (balance strain) P 0.0097 0.0096 0.0102 0.0099 0.0107 0.0107
(p-p") 0.0036 0.0036 0.0036 0.0036 0.0054 0.0054
- Check all comp. re-bar are yield fs' <fy fs' < fy fs' < fy fs' < fy fs' <fy fs' < fy
- Check all tens. re-bar are yield fs =1y fs=1y fs =fy fs =fy fs =fy fs =1y
R -0.15 -0.20 -0.03 -0.11 -1.78 -1.78
Q 42.26 41.03 45.29 43.12 53.55 53.63
c 6.65 6.61 6.76 6.68 9.31 9.31 cm.
a 5.65 5.61 5.75 5.68 7.91 7.92 cm.
Comp.re-bar layer 1 stress fs' 203.07 200.34 209.42 204.92 300.39 300.44 MPa.
$Mn1 84,004 83,470 | 85276 | 84,372 | 243,172 | 243211 | N.-m.
dMn2 39,486 37,827 43,646 40,657 148,720 | 148,964 | N.-m.
- Nominal moment *Mn 123,490 | 121,297 | 128,923 | 125,029 | 391,891 | 392,174 | N.-m.
- Check Mu < ®Mn QK QK OK OK QK QK
5. CHECK SHEAR AND TORSION FORCE RESISTANT
- Reduction factor for shear and torsion b 0.75 0.75 0.75 0.75 0.75 0.75
- Distance inside stirrup along X-Axis x1 10.20 10.20 10.20 10.20 20.20 20.20 cm.
- Distance inside stirrup along Y-Axis y1 40.20 40.20 40.20 40.20 60.20 60.20 cm.
- Coefficient of concrete inside stirrup at 1.50 1.50 1.50 1.50 1.50 1.50
Ct 0.044 0.044 0.044 0.044 0.029 0.029
- Maximum factored torsion max Tu 26,288 29,490 11,480 17,250 1,922 3,202 N.-m
- Check Tu < max Tu QK OK QK OK CK OK
- Torsion force resistant of concrete Tc 5,258 5,898 2,296 3,450 384 640 N.-m.
- Shear force resistant of concrete Ve 40,219 27,070 66,249 59,728 | 146,937 | 146,889 N.
- Check Vu-®Ve < 2.17¢"fc™bd OK OK oK oK oK CK
Avls 0.026 0.014 0.005 -0.009 0.082 0.024
At/s 0.025 0.022 0.001 -0.003 0.001 0.000
- Required re-bar area A(v+t) I's 0.038 0.029 0.009 0.009 0.042 0.013 sg.cm.
- Additional area for main re-bar Al 2.52 3.00 1.35 2.19 0.12 0.0 sg.cm.
- Additional layer at mid-section 1 1 1 1 2 2
- Re-bar per additional layer 0.84 1.00 0.45 0.73 0.03 0.01 sq.cm.
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PROJECT : 21615 aga.4 afu (§arsaiussusiuduluinsaldnuail 4)
SUBJECT : Beam B1.  B2. B3
CALCULATION SHEET OF BEAM
ULTIMATE STRENGTH DESIGN METHOD Refer to ACI 318-05
DESCRIPTION BEAM NO.] RB1Mid | RB1End | RB2Mid | RB2End | RB3Mid | RB3End | UNIT
1. MATERIAL PROPERTIES
- Compressive strength of concrete fic 24 24 24 24 24 24 MPa.
- Unit weight of concrete We 24 24 24 24 24 24 kN./m"3
- Elastic modulus of concrete E. 24,118 24,116 24,1186 24,118 24,118 24,118 MPa.
- Max. strain of concrete £ 0.003 0.003 0.003 0.003 0.003 0.003
- Yield strength of reinforcing bar fy 400 400 400 400 400 400 MPa.
- Yield strength of stirrup fv 240 240 240 240 240 240 MPa.
- Elastic modulus of reinforcing bar E, 204,000 | 204,000 | 204,000 | 204,000 | 204,000 | 204,000 MPa.
2. FORCE FROM ANALYSIS (BY STAAD PRC PROGRAM)
- Factored moment Mu 101,981 | 119,519 | 101,579 | 96,820 | 204,193 | 212,090 | N.-m.
- Factored shear Yu 50,309 30,185 | 117,280 | 70,368 | 160,283 | 96,170 N.
- Factored torsion Tu 620 620 1,721 1,721 4,036 4,036 N.-m
3. SECTION PROPERTIES
- Beam width b 20 20 20 20 25 25 cm.
- Beam height h 40 40 40 40 50 50 cm.
- Max.covering ( conc.surface to edge of stirrup) cov. 4.0 4.0 4.0 4.0 4.0 4.0 cm.
- Beam main reinforcement
Comp. Layer 1 Re-bar gty. N 2 2 2 2 2 2 ea.
Re-bar dia. [} 20 20 20 20 20 20 mm.
Re-bar dist. from top d' 4.10 4.10 4.10 4.10 4.40 4.40 cm.
Tens. Layer 1 Re-bar qgty. N 3 3 3 3 2 2 ea.
Re-bar dia. -} 20 20 20 20 25 25 mm.
Tens. Layer 2 Re-bar qgty. N 2 2 2 2 2 2 ea.
Re-bar dia. -] 16 16 16 16 25 25 mm.
Re-bar dist. from top d 32.61 32.61 32.61 32.61 40.85 40.85
- Beam stirrup
Stirrup dia. @ 6 6 6 6 9 9 mm.
Quantity of stirrup N 1 1 1 1 1 1 circle
Stirrup spacing s 15.0 15.0 15.0 15.0 15.0 15.0 cm.
dr2 16.30 16.30 16.30 16.30 2043 20.43 cm.
60 60.00 60.00 60.00 60.00 60.00 60.00 cm.
(AVTy)(3.5"b)]  19.39 19.39 19.39 19.39 34.90 34.90 cm.
Require stirrup spacing Sreq 16.30 16.30 16.30 16.30 2043 20.43 cm.
- Check spacing s < Sreq OK OK 0K OK OK OK
4. CHECK BENDING MOMENT RESISTANT
- Reduction factor B 0.85 0.85 0.85 0.85 0.85 0.85
- Reduction factor for flexure loads ¢ 0.90 0.90 0.90 0.90 0.90 0.90
- Reinforcement ratio (balance strain) pb 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
- Reinforcement ratio (minimum) pmin 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
(PP Imax 0.0197 0.0197 0.0197 0.0197 0.0197 0.01¢7
(PP )min 0.0157 0.0157 0.0157 0.0157 0.0135 0.0135
- Comp. reinforcement ratio (balance strain) -3 0.00%8 0.0094 0.0093 0.0093 0.0058 0.0056
- Tens. reinforcement ratio (balance strain) P 0.0206 0.0204 0.0203 0.0203 0.0189 0.0187
(p-p') 0.0110 0.0110 0.0110 0.0110 0.0131 0.0131
- Check all comp. re-bar are yield fs' < fy fs' <fy fs' <fy fs' < fy fs' <fy fs' < fy
- Check all tens. re-bar are yield fs =fy fs =fy fs =fy fs =1y is = fy fs =1y
R -2.22 -2.26 -2.28 -2.27 -4.71 -4.76
Q 45.26 44.40 43.88 43.98 36.88 35.69
c 9.30 9.29 9.28 9.28 12.39 12.39 cm.
a 7.91 7.90 7.89 7.89 10.53 10.53 cm.
Comp.re-bar layer 1 stress fs' 335.60 335.23 335.00 335.05 387.01 386.98 MPa.
$Mn1 81,572 81,472 81,412 81,424 168,687 | 168,665 | N.-m.
dMn2 53,865 52,771 52,125 52,252 75,371 72,933 N.-m.
- Nominal moment ¢Mn 135,437 | 134,243 | 133,537 | 133,676 | 244,058 | 241,598 | N.-m.
- Check Mu < ®Mn OK OK OK OK OK OK
5. CHECK SHEAR AND TORSION FORCE RESISTANT
- Reduction factor for shear and torsion b 0.75 0.75 0.75 0.75 0.75 0.75
- Distance inside stirrup along X-Axis x1 10.80 10.80 10.80 10.80 15.20 15.20 cm.
- Distance inside stirrup along Y-Axis y1 30.80 30.80 30.80 30.80 40.20 40.20 cm.
- Coefficient of concrete inside stirrup at 1.50 1.50 1.50 1.50 1.50 1.50
Ct 0.041 0.041 0.041 0.041 0.033 0.033
- Maximum factored torsion max Tu 3,182 5,231 3,774 6,172 10,043 16,166 N.-m
-Check Tu < max Tu OK 0K 0K OK OK OK
- Torsion force resistant of concrete Tc 636 1,046 755 1,234 2,009 3,233 N.-m
- Shear force resistant of concrete Ve 52,089 51,384 51,922 50,941 80,530 77,772 N.
- Check Vu-®Ve = 2.1"d™fc™b™d OK OK OK OK OK OK
Avls 0.012 -0.009 0.082 0.034 0.083 0.031
At/s 0.001 -0.001 0.008 0.005 0.008 0.006
- Required re-bar area A(vtt) /s 0.009 0.009 0.049 0.022 0.051 0.022 sg.cm.
- Additional area for main re-bar Al 0.08 0.44 0.65 0.61 1.04 1.61 sg.cm.
- Additional layer at mid-section 1 1 1 1 1 1
- Re-bar per additional layer 0.03 0.15 0.22 0.20 0.35 0.54 sg.cm.

QU

7=0.38, S=1.5
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PROJECT : 21015 ada.4 2u ([a1sanuseuruduliiinssidnuni 4)
SUBJECT : Beam B4, B5. B6
CALCULATION SHEET OF BEAM
ULTIMATE STRENGTH DESIGN METHOD Refer to ACI 318-05
DESCRIPTION BEAM NO.| RB4Mid | RB4End | RB5Mid | RB5End | RB6Mid | RB6End | UNIT
1. MATERIAL PROPERTIES
- Compressive strength of concrete fic 24 24 24 24 24 24 MPa.
- Unit weight of concrete We 24 24 24 24 24 24 kN./m"3
- Elastic modulus of concrete E. 24,116 24,116 24,116 24,116 24,116 24,116 MPa.
- Max. strain of concrete & 0.003 0.003 0.003 0.003 0.003 0.003
- Yield strength of reinforcing bar fy 400 400 400 400 400 400 MPa.
- Yield strength of stirrup fv 240 240 240 240 240 240 MPa.
- Elastic modulus of reinforcing bar E, 204,000 | 204,000 | 204,000 | 204,000 | 204,000 | 204,000 MPa.
2. FORCE FROM ANALYSIS (BY STAAD PRO PROGRAM)
- Factored moment Mu 269,029 | 281,894 | 223,033 | 247,051 57,202 92,368 N.-m.
- Factored shear Vu 245,667 | 147,400 | 311,367 | 186,820 | 134,497 | 80,698 N.
- Factored torsion Tu 1,318 1,318 6,248 6,248 689 689 N.-m
3. SECTION PROPERTIES
- Beam width b 25 25 25 25 20 20 cm.
- Beam height h 60 60 60 60 50 50 cm.
- Max.covering ( conc.surface to edge of stirrup) cov. 4.0 4.0 4.0 4.0 4.0 4.0 cm.
- Beam main reinforcement
Comp. Layer 1 Re-bar qty. N 2 2 2 2 2 2 ea.
Re-bar dia. ] 25 25 25 25 20 20 mm.
Re-bar dist. from top d' 4.65 4.65 4.65 4.65 4.40 4.40 cm.
Tens. Layer 1 Re-bar gty. N 2 2 2 2 3 3 ea.
Re-bar dia. 2] 25 25 25 25 20 20 mm.
Tens. Layer 2 Re-bar gty. N 2 2 2 2 0 0 ea.
Re-bar dia. ] 25 25 25 25 0 0 mm.
Re-bar dist. from top d 50.85 50.85 50.85 50.85 44.10 44.10
- Beam stirrup
Stirrup dia. @ 9 9 9 9 9 9 mm.
Quantity of stirrup N 1 1 1 1 1 1 circle
Stirrup spacing s 20.0 20.0 20.0 20.0 20.0 20.0 cm.
di2 25.43 25.43 2543 2543 22.05 22.05 cm.
60 60.00 60.00 60.00 60.00 60.00 60.00 cm.
(AV'Ty)(3.5b)]  34.90 34.90 34.90 34.90 43.62 43.62 cm.
Require stirrup spacing Sreq 25.43 25.43 2543 2543 22.05 22.05 cm.
- Check spacing s < Sreq OK OK QK OK OK OK
4. CHECK BENDING MOMENT RESISTANT
- Reduction factor B 0.85 0.85 0.85 0.85 0.85 0.85
- Reduction factor for flexure loads $ 0.90 0.90 0.90 0.90 0.90 0.90
- Reinforcement ratio (balance strain) pb 0.0262 0.0262 0.0262 0.0262 0.0282 0.0262
- Reinforcement ratio (minimum) pmin 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
(PP Imax 0.0197 0.0197 0.0197 0.0197 0.0197 0.0197
(P-P)min | 0.0114 0.0114 | 0.0114 0.0114 | 0.0125 | 0.0125
- Comp. reinforcement ratio (balance strain) P 0.0078 0.0077 0.0072 0.0073 0.0070 0.0071
- Tens. reinforcement ratio (balance strain) p 0.0154 0.0154 0.0150 0.0151 0.0106 0.0106
(p-p') 0.0077 0.0077 0.0077 0.0077 0.0036 0.0036
- Check all comp. re-bar are yield fs'<fy fs' <fy fs' <fy fs' <fy fs' <fy fs' <fy
- Check all tens. re-bar are yield fs =fy fs =fy fs=1fy fs =1y fs =fy fs =1y
R -2.16 -2.15 -2.28 -2.25 0.08 0.10
Q 63.67 63.90 60.42 61.22 48.18 48.44
c 10.42 10.43 10.38 10.39 6.86 6.87 cm.
a 8.86 8.86 8.82 8.83 5.83 5.84 cm.
Comp.re-bar layer 1 stress fs' 332.38 332.46 331.23 331.51 215.02 215.49 MPa.
PMn1 185,102 | 185,152 | 184,382 | 184,561 86,427 86,527 N.-m.
$Mn2 134,052 | 134,568 | 126,749 | 128,542 | 47,673 48,034 N.-m.
- Nominal moment $Mn 319,154 | 319,720 | 311,131 | 313,103 | 134,100 | 134,561 | N.-m.
- Check Mu < ®Mn QK QK QK OK OK QK
5. CHECK SHEAR AND TORSION FORCE RESISTANT
- Reduction factor for shear and torsion ¢ 0.75 0.75 0.75 0.75 0.75 0.75
- Distance inside stirrup along X-Axis x1 15.20 15.20 15.20 15.20 10.20 10.20 cm.
- Distance inside stirrup along Y-Axis y1 50.20 50.20 50.20 50.20 40.20 40.20 cm.
- Coefficient of concrete inside stirrup at 1.50 1.50 1.50 1.50 1.50 1.50
Ct 0.034 0.034 0.034 0.034 0.044 0.044
- Maximum factored torsion max Tu 2,717 4,521 10,027 16,309 1,798 2,988 N.-m
-Check Tu < maxTu oK OK OK OK OK OK
- Torsion force resistant of concrete Tc 543 904 2,005 3,262 360 598 N.-m
- Shear force resistant of concrete Ve 102,238 | 102,051 | 100,895 | 98,465 70,894 70,694 N.
- Check Vu-®Ve = 2.1"d™fc™b™d OK OK OK OK OK OK
Avls 0.113 0.047 0.158 0.076 0.063 0.021
At/s 0.003 0.002 0.014 0.011 0.002 0.001
- Required re-bar area A(vtt) /s 0.059 0.026 0.093 0.049 0.034 0.012 sg.cm.
- Additional area for main re-bar Al 0.35 0.25 1.84 1.48 0.23 0.13 sg.cm.
- Additional layer at mid-section 1 1 1 1 1 1
- Re-bar per additional layer 0.12 0.08 0.61 0.49 0.08 0.04 sg.cm.

A 2 ° Y o
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PROJECT : ana1s ada.4 2u (ﬁa'rsm-lI,Li\ul,b.iuﬁu"lwminiﬁnuwﬁ 4)
SUBJECT : Beam BTi BBi B9
CALCULATION SHEET OF BEAM
ULTIMATE STRENGTH DESIGN METHOD Refer to ACI 318-05
DESCRIPTION BEAM NQ.| RB7Mid | RB7End | RB8Mid | RB8End | RBOMid | RB9End | UNIT
1. MATERIAL PROPERTIES
- Compressive strength of concrete fic 28 28 28 28 28 28 MPa.
- Unit weight of concrete We 25 25 25 25 25 25 KN./m"3
- Elastic modulus of concrete E. 24,116 24,116 | 24.116 24,116 | 24.116 24,116 MPa.
- Max. strain of concrete & 0.003 0.003 0.003 0.003 0.003 0.003
- Yield strength of reinforcing bar fy 400 400 400 400 400 400 MPa.
- Yield strength of stirrup fv 240 240 240 240 240 240 MPa.
- Elastic modulus of reinforcing bar E, 204,000 | 204,000 | 204,000 | 204,000 | 204,000 | 204,000 MPa.
2. FORCE FROM ANALYSIS (BY STAAD PRO PROGRAM)
- Factored moment Mu 100,355 | 96,997 121,423 | 44,952 | 380,897 | 280,048 | N.-m
- Factored shear Vu 69,352 41,611 60,239 36,143 | 222,334 | 133,401 N.
- Factored torsion Tu 8,471 8,471 2,136 2,136 677 677 N.-m
3. SECTION PROPERTIES
- Beam width b 20 20 25 25 30 30 cm.
- Beam height h 50 50 60 60 70 70 cm.
- Max.covering ( conc.surface to ecige of stirrup) cov. 4.0 4.0 4.0 4.0 4.0 4.0 cm.
- Beam main reinforcement
Comp. Layer 1 Re-bar qty. N 2 2 2 2 2 2 ea.
Re-bar dia. @ 20 20 20 20 25 25 mm.
Re-bar dist. from top d' 4.40 4.40 4.40 4.40 4.65 4.65 cm.
Tens. Layer 1 Re-bar qty. N 2 2 3 3 2 2 ea.
Re-bar dia. o 20 20 20 20 25 25 mm.
Tens. Layer 2 Re-bar qty. N 1 1 0 0 2 2 ea.
Re-bar dia. @ 20 20 0 0 25 25 mm.
Re-bar dist. from top d 42.10 42.10 54.10 54.10 60.85 60.85
- Beam stirrup
Stirrup dia. 2} 9 9 9 9 9 9 mm.
Quantity of stirrup N 1 1 1 1 1 1 circle
Stirrup spacing s 20.0 20.0 20.0 20.0 20.0 20.0 cm.
dr2 21.05 21.05 27.05 27.05 30.43 3043 cm.
60 60.00 60.00 60.00 €0.00 60.00 60.00 cm.
(AVTy)(3.5"b)| 43.62 43.62 34.90 34.90 29.08 29.08 cm.
Require stirrup spacing Sreq| 21.05 21.05 27.05 27.05 29.08 29.08 cm.
- Check spacing s < Sreq OK OK QK OK CK OK
4. CHECK BENDING MOMENT RESISTANT
- Reduction factor B 0.85 0.85 0.85 0.85 0.85 0.85
- Reduction factor for flexure loads ¢ 0.90 0.90 0.90 0.90 0.90 0.90
- Reinforcement ratio (balance strain) pb 0.0262 0.0262 0.0262 0.0262 0.0262 0.0262
- Reinforcement ratio (minimum) pmin 0.0035 0.0035 0.0035 0.0035 0.0035 0.0035
(PP Imax 0.0197 0.0197 0.0197 0.0197 0.0197 0.0197
(PP Imin 0.0131 0.0131 0.0102 0.0102 0.0096 0.0096
- Comp. reinforcement ratio (balance strain) p' 0.0064 0.0064 0.0042 0.0039 0.0054 0.0054
- Tens. reinforcement ratio (balance strain) o] 0.0102 0.0101 0.0065 0.0062 0.0107 0.0108
(p-p’) 0.0037 0.0037 0.0023 0.0023 0.0054 0.0054
- Check all comp. re-bar are yield fs' < fy fs' < fy fs' <fy fs' < fy fs' < fy fs' < fy
- Check all tens. re-bar are yield fs =1y fs =1y fs =1y fs = fy fs =1y fs =1y
R -0.16 -0.17 -0.06 -0.16 -1.78 -1.78
Q 42.02 41.60 35.42 32.75 53.57 53.66
c 6.64 6.63 6.01 5.89 9.31 9.31 cm.
a 5.65 5.63 5.1 5.00 7.91 7.92 cm.
Comp.re-bar layer 1 stress fs' 202.54 201.62 160.52 151.43 300.40 300.46 MPa.
$Mn1 79,835 79664 | 118,449 | 116,166 | 243,181 | 243,225 | N.-m.
$Mn2 37,187 36,652 | 40,943 35710 | 148,776 | 149,057 | N.-m.
- Nominal moment >Mn 117,023 | 116,316 | 159,392 | 151,876 | 391,956 | 392,283 | N.-m.
- Check Mu < &Mn OK OK OK OK OK OK
5. CHECK SHEAR AND TORSION FORCE RESISTANT
- Reduction factor for shear and torsion b 0.75 0.75 0.75 0.75 0.75 0.75
- Distance inside stirrup along X-Axis x1 10.20 10.20 15.20 15.20 20.20 20.20 cm.
- Distance inside stirrup along Y-Axis y1 40.20 40.20 50.20 50.20 60.20 60.20 cm.
- Coefficient of concrete inside stirrup at 1.50 1.50 1.50 1.50 1.50 1.50
Ct 0.042 0.042 0.036 0.036 0.029 0.029
- Maximum factored torsion max Tu 25,179 28,906 18,215 28,128 2,216 3,692 N.-m
-Check Tu < max Tu OK QK OK OK oK OK
- Torsion force resistant of concrete Te 5,036 5,781 3,643 5,626 443 738 N.-m.
- Shear force resistant of concrete Ve 41,619 28,667 | 103,712 | 96,092 | 146,928 | 146,865 N.
-Check Vu-$Vc < 2.1"¢™fcbd OK OK OK OK QK OK
Avis 0.031 0.016 -0.011 -0.023 0.063 0.013
Atls 0.026 0.023 -0.002 -0.006 0.001 0.000
- Required re-bar area Av+) /s 0.041 0.031 0.011 0.011 0.032 0.013 sg.cm.
- Additional area for main re-bar Al 2.62 2.78 1.74 3.03 0.10 0.04 sg.cm.
- Additional layer at mid-section 1 1 1 1 2 2
- Re-bar per additional layer 0.87 0.93 0.58 1.01 0.03 0.01 sg.cm.

d' = o Y o dd‘ a =Y d‘
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05/25/15 PCACOL W3.00 - PORTLAND

CEMENT ASSOCIATION -—

01:31:30 Licensed to: Licensees name not yet specified.

General Information:

File Name: D:\PROGRAM\PCLACOL

Project: Case-1
Column: cl Enginesr: TC
Code: LCTI 318-95 Units: Metric
Run Option: Investigation Slenderness: Not
Run Axis: Biaxial Column Type: Str
Material Properties:
f'e 24 MPa fy = 400 MPa
Ec = Z3025.2 MPa Es = Z00000 MP
fc = 20.4 MPa Rupture strain =
Ultimate strain = 0.003 mm/mm
Betal = 0.85
Section:
Rectangular: Width = 250 mm Depth = 300 mm
Gross section area, Rg = 75000 mm"Z2
Ix = 5.625s+008 mm"4 Iy 3.90625e+0
Xo = 0 mm ¥Yo = 0 mm
Reinforcement:
Rebar Database:
Sizs Diam (mm) 3ize Diam (mm) Erea (mm"2
¥ ¢ <] 28 + 8 a8 50
§ 12 12 113 + 14 14 154
¥ 20 20 314 $ 25 25 431
$ 32 3z 801 + a0 40 1256
Confinement: Tied; #6 ties with $#25 bars, #6 with larger
phi(a) = 0.8, phi(b) = 0.9, = 0.7
Layout: Rectangular

Pattern: All Sides Egual
Total =t==l aresa, L= =
B8 #16 Cover 40 mm

Factored Loads and Momsnts with

-1%cl_1.cCoL

Corresponding Capacities:

Fu Mux

No kN kN-m

1 481.0 0.0

2 50.0 2e.0

3 23.0 2.5
R

Program completed as rag

Muy 1
kN-m kN-m
0.0 €8.6
0.2 3.4
6. 21.1
B

ussted!

~ = o Y o A
5UN ¥.13 518a20eaMIRUIUKINAALET ATa. C1 NTUN

L]
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Page 2
c1 1
considered
uctural
a
Infinity
08 mm"4
3ize Diam (mm) Aresa (mm"2
$ 10 14 75
$ 16 le 201
$ 28 28 gle

bars.

(Cover to transverse reinforcemsnt)
1608 mm"2 at 2.14%

(s=e user's manual for notaticon)

fMny

EN-m fMn/Mu

-0.0 9%9.9%5%
0.6 2.435

44.5 7.258

1 TuAausauruau v
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250 x 300 mm

Code: ACI318-95

Units: Metric

Run axis: Biaxial

Run option: Investigation
Slenderness: Not considered
Column type: Structural
Bars: prEN 10080

Date: 05/25/15

Time: 01:33:35

70 T

My (kN-m)

P =50 kN

-70 ~

PCACOL V3.00 (PCA 1999) - Licensed to: Licensee name not yet specified.

File: D\PROGRAMVPCACOL-1\C1_1.COL

Project: Case-1
Column: C1

fc =24 MPa

Ec= 23025 MPa

fc =20.4 MPa
e_u=0.003 mm/mm

Betal = 0.85

L__Confinement: Tied

fy =400 MPa
Es = 200000 MPa

e_rup = Infinity

phi(a) = 0.8, phi(b) = 0.9. phi(c}=0.7

Engineer: TC

Ag = 75000 mm*"2
As = 1608 mm*2
Xo =0 mm

Yo =0mm

Clear spacing = 55 mm

8 #16 bars

Rho =2.14%

ly = 5.62e+008 mm"4
ly =3.91e+008 mm"4

Clear cover = 46 mm

JUN 013 (dv)
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05/25/15 PCACOL V3.00 - PORTLAND CEMENT ASSOCIATION - Page 2
01:34:21 Licensed to: Licensee name not yet specified. cz 1

General Information:

File Name: D:\PROGRAM\PCACOL-1\CZ_1.COL
Project: Case-1

Column: c2 Engineer: TC

Code: ACI 318-95 Units: Metric

Run Option: Investigation Slenderness: Not considered
Run Axis: Biaxial Column Type: Structural

Material Properties:

f'e = 24 MPa fy = 400 MPa
Ec = 23025.2 MPa Es = 200000 MPa
fc = 20.4 MPa Rupture strain = Infinity

Ultimate strain = 0.003 mm/mm
Betal = 0.85

Section:
Rectangular: Width = 250 mm Depth = 300 mm
Gross section area, Ag = 75000 mm~2
Ix = 5.625e+008 mm~4 Iy = 3.90625e+008 mm~4
¥o = 0 mm Yo = 0 mm

Reinforcement:
Rebar Database: prEN 10080
Size Diam (mm) Area (mm~Z) Size Diam (mm) Area (mm~2) Size Diam (mm) Area (mm~2)
+ 6 6 28 # 8 g 50 # 10 10 79
# 12 12 113 * 14 154 # 16 16 201
# 20 20 314 # 25 25 491 # 28 28 6le
# 32 32 801 40 40 1256

Confinement: Tied; #6 ties with #25 bars, #6 with larger bars.
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7

Layout: Rectangular

Pattern: A1l Sides Equal (Cover to transverse reinforcement)
Total steel area, As = 3140 mm*2 at 4.19%

10 #20 Cover = 40 mm

Factored Loads and Moments with Corresponding Capacities: (see user's manual for notation)

Pu Mux Muy fMnx fMny
No. kN kN-m kN-m KN-m kN-m fMn /Mu
1 698.0 10.0 1.5 79.4 11.8 7.934
2 223.0 26.7 4.8 83.2 15.1 3.115
3 92.0 8.9 12.6 39.5 55.7 4,424

*** Program completed as requested! ***

U9 .14 MvaziBeamaurindad aga. 2 nsain 1 lufAauswwuau o
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250 x 300 mm

Code: ACI 318-95

Units: Metric

Run axis: Biaxial

Run option: Investigation
Slenderness: Not considered
Column type: Structural
Bars: prEN 10080

Date: 05/25/15

Time: 01:36:00

200 1

My (KN-m)

p =223

-200 —

kN

[RS]

PCACOL V3.00 (PCA 1999) - Licensed to: Licensee name not yet specified.

Project: Case-1
Column: C2

fc =24 MPa

Ec = 23025 MPa

fc = 20.4 MPa

e_u =0.003 mm/mm

Betal =0.85

L__Confinement: Tied

File: D:\PROGRAM\PCACOL-1\C2_1.COL

fy =400 MPa
Es = 200000 MPa

e_rup = Infinity

phi(a) = 0.8. phi(b)

Engineer: TC

Ag = 75000 mm"2

As =3140 mm*"2

Xo =0 mm

Yo =0 mm

Clear spacing = 49 mm

=0.9. philc) = 0.7

10 #20 bars

Rho =4.19%

ly = 5.62e+008 mm”"4
ly = 3.91e+008 mm"4

Clear cover = 46 mm

3191 v.14 (70)




05/25/15 PCACOL V3.00 - PORTLAND CEMENT ASSCCIATION -
01:36:35 Licensed to: Licensee name not yet specified.

General Information:

File Name: D:\PROGRAM\PCACOL-1\C3_1.COL
Project: Case-1

Column: c3 Engineer: TC

Code: ACI 318-95 Units: Metric

Run Option: Investigation Slenderness: Not considered
Run Axis: Biaxial Column Type: Structural

Material Properties:

f'c = 24 MPa fy = 400 MPa
Ec = 23025.2 MPa Es = 200000 MPa
fc = 20.4 MPa Rupture strain = Infinity
Ultimate strain = 0.003 mm/mm
Betal = 0.85
Section:
Rectangular: Width = 300 mm Depth = 400 mm
Gross section area, Rg = 120000 mm~2
Ix = 1.6e+009% mm~4 Iy = 9Y9e+008 mm~4
Xo = 0 mm Yo = 0 mm
Reinforcement:
Rebar Database: prEN 10030
Size Diam (mm) Area (mm~2) Size Diam (mm) Area (mm*~2)
+ 6 6 28 + 8 8 50 # 10
# 12 12 113 # 14 14 154 # 16
# 20 20 314 # 25 25 4591 # 28
# 32 32 801 # 40 40 1256

113

Page 2
c3_1

Confinement: Tied; #6 ties with #25 bars, #6 with larger bars.

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7

Layout: Rectangular

Pattern: Equal Bar Spacing (Cover to transverse reinforcement)

Total steel area, A3 = 5892 mm~2 at 4.91%
12 #25 Cover = 40 mm

Factored Loads and Moments with Corresponding Capacities:

(see user's manual for notation)

fMny

kN-m

fMn/Mu

999.999
1.417

Pu Mux Muy fMnx
No kN kN-m kN-m KN-m
1 1638.2 0.0 0.0 les.8
2 875.0 1438.0 0.4 209.7
3 1296.0 7.5 26.5 38.1

*** Program completed as requested! ***

5.047
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fc =20.4 MPa
e_u=0.003 mm/mm

Betal =0.85

L__Confinement: Tied

e_rup = Infinity

phi(a) = 0.8. phi(b)

Xo =0 mm
Yo =0mm
Clear spacing = 46 mm

=0.9. phile} = 0.7

ly = 1.6e+009 mm~4
ly = 9e+008 mm"4

Clear cover = 46 mm

300+ My (kN-m)
O O O T+
o © |
O + O
O O
o O O T
| 7 T Mx (kN-m)
300 x 400 mm /
A
Code: ACI 318-95 \ /
Units: Metric -300 \\-\ 300
Run axis: Biaxial 1
Run option: Investigation
Slenderness: Not considered 1
Column type: Structural
Bars: prEN 10080 L
Date: 05/25/15
Time: 01:37:20 T
-300 —
P =875 kN
PCACOL V3.00 (PCA 1999) - Licensed to: Licensee name not yet specified.
File: D:\PROGRAM\PCACOL-1\C3_1.COL
Project: Case-1
Column: C3 Engineer: TC
fc =24 MPa fy =400 MPa Ag = 120000 mm"2 12 #25 bars
Ec = 23025 MPa Es = 200000 MPa As =5892 mm"2 Rho =4.91%

707 v.15 (d19)




05/25/15 PCACOL V3.00 - PORTLAND CEMENT ASSOCIATION -
01:38:40 Licensed to: Licensee name not yet specified.

General Information:

File Name: D:\PROGRAM\PCACOL-1\Cl 2.COL

Project: Case-2
Column: cl Engineer: TC
Code: ACI 318-95 Units: Metric
Run Option: Investigation Slenderness: Not considered
Run Axis: Biaxial Column Type: Structural
Material Properties:
f'e = 24 MPa fy = 400 MPa
Ec = 23025.2 MPa Es = 200000 MPa
fc = 20.4 MPa Rupture strain = Infinity
Ultimate strain = 0.003 mm/mm
Betal = 0.85
Section
Rectangular: Width = 300 mm Depth = 300 mm
Gross section area, Ag = 90000 mm~™2
Ix = 6.75e+008 mm"4 Iy = 6.75e+008 mm"4
¥o = 0 mm Yo = 0 mm
Reinforcement:
Rebar Database: priEN 10080
Size Diam (mm) Area (mm”2) Size Diam (mm) Area (mm™2) Size Diam (mm)
¥ 6 4] 28 # 8 8 50 # 10 10
¥ 12 12 113 # 14 14 154 # 16 1le
# 20 20 314 # 25 25 491 # 28 28
# 32 32 801 # 40 40 1256

Confinement: Tied; #6 ties with #25 bars, #€ with larger bars.

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7

Layout: Rectangular

Pattern: All Sides Eqgual (Cover to transverse reinforcement)

Total steel area, As = 1608 mm*2 at 1.79%
8 #1¢ Cover = 40 mm

Factored Loads and Moments with Corresponding Capacities:

Pu Mux Muy fMnx
No. kN kN-m kN-m kN-m
1 41.0 0.0 0.0 77.3
2 234.0 45.8 0.8 66.2
3 130.0 4.3 64.6 4.4

*%% Program completed as requested! ***

(see user's manual

fMny
kN-m fMn/Mu

115

Page 2
cl

3

for notation)

5UN U.16 F1waZDIAMIAIUIUKINAALET Ada. C1 AIAN 2 A apuaur)

U

717=0.19 ,8=2.5
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300 x 300 mm

Code: ACI 318-95
Units: Metric
Run axis: Biaxial

Run option: Investigation

Column type: Structural
Bars: prEN 10080
Date: 05/25/15

Time: 01:39:25

Slenderness: Not considered

80

My (kN-m)

P =234 kN
PCACOL V3.00 (PCA 1999) - Licensed to: Licensee name not yet specified.

-80

80

Project: Case-2
Column: C1

fc =24 MPa

Ec = 23025 MPa

fc = 20.4 MPa

e_u =0.003 mm/mm

Betal = 0.85

L__Confinement: Tied

File: D\PROGRAM\PCACOL-1\C1_2.COL

fy =400 MPa
Es = 200000 MPa

e_rup = Infinity

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7

Engineer: TC

Ag = 90000 mm*"2
As =1608 mm~2
Xo =0mm

Yo =0mm

Clear spacing = 80 mm

8 #16 bars

Rho =1.79%

ly = 6.75e+008 mm*"4
ly = 6.75e+008 mm”4

Clear cover = 46 mm

77 v.16 (919)
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05/25/15 PCACOL V3.00 - PORTLAND CEMENT ASSOCIATION - Page 2
01:39:37 Licensed to: Licensee name not yet specified. c2_

g6}

General Information:

File Name: D:\PROGRAM\PCACOL-1\CZ 2.COL

Project: Case-1

Column: c2 Engineer: TC

Code: ACI 318-95 Units: Metric

Run Option: Investigation Slenderness: Not considered
Run Axis: Biaxial Column Type: Structural

Material Properties:

fre = 24 MPa fy = 400 MPa

Ec = 23025.2 MPa Es = 200000 MPa

fc = 20.4 MPa Rupture strain = Infinity
Ultimate strain = 0.003 mm/mm

Betal = 0.85

Section:
Rectangular: Width = 300 mm Depth = 400 mm
Gross section area, Ag = 120000 mm™2
Ix = 1.6e+009 mm™4 Iy = 9&+008 mm™4
Xo = 0 mm Yo = 0 mm

Reinforcement:

Rebar Database: prEN 10080

Size Diam (mm) Area (mm”"2) Size Diam (mm) Area (mm™2) Size Diam (mm) Area (mm™2)
# 6 5 28 # 8 8 50 # 10 10 79
# 12 12 113 ¥ 14 14 154 ¥ 16 16 201
# 20 20 314 ¥ 25 25 491 # 28 28 cle
# 32 32 801 # 40 40 1256

Confinement: Tied; #6 ties with #25 bars, #6 with larger bars.
phi{a) = 0.8, phi(b) = 0.9, phi(c) = 0.7

Layout: Rectangular

Pattern: Egual Bar Spacing (Cover to transverse reinforcement)
Total steel area, As = 3768 mm™2 at 3.14%
12 #20 Cover = 40 mm

Factored Loads and Moments with Corresponding Capacities: (see user's manual for notation)

Pu Mux Muy fMnx fMny
No. kN kN-m kN-m kN-m kN-m fMn/Mu
1 703.0 18.7 78.2 29.2 122.0 1.561
2 531.5 168.8 2.0 168.7 2.2 0.999
3 340.6 20.5 111.3 22.6 122.3 1.099

*** Program completed as requested! ***

319 4.17 swaziBeamsmnunihdad ada. C2 nsain 2 AausaHvAY )

NZ=0.19,8=2.5
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200 7 My (kN-m)
O O O
O O
y
o —+4: o
O O
h
O ®) @)
// Mx (kN-m)
300 x 400 mm
\ | | | | |
Code: ACI 318-95 | \ | | | | |
Units: Metric -200 \ 200
Run axis: Biaxial \
Run option: Investigation
Slenderness: Not considered
Column type: Structural
Bars: prEN 10080
Date: 05/25/15
Time: 01:39:51
-200 —
P =703 kN

PCACOL V3.00 (PCA 1999) - Licensed to: Licensee name not yet specified.

File: D:\PROGRAM\PCACOL-1\C2_2.COL

Project: Case-1
Column: C2

fc =24 MPa

Ec = 23025 MPa

fc =20.4 MPa
e_u=0.003 mm/mm

Beta1=0.85

L__Confinement: Tied

fy =400 MPa
Es = 200000 MPa

e_rup = Infinity

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7

Engineer: TC

Ag = 120000 mmA*2
As =3768 mm"2
Xo =0mm

Yo =0mm

Clear spacing = 52 mm

12 #20 bars

Rho =3.14%

ly = 1.6e+009 mm"4
ly = 9e+008 mm*"4

Clear cover = 46 mm

71U v.17 (91)




05/25/15 PCRCOL V3.00 - PORTLAND CEMENT ASSOCIATION -

01:40:05 Licensed to:

General Information:

File Name: D:\PROGRAM\PCACOL-1\C3 2.COL

Licensee name not yet specified.

Project: Case-2
Column: c3 Engineer: TC
Code: ACI 318-95 Units: Metric
Run Option: Investigation Slenderness: Not considered
Run Axis: Biaxial Column Type: Structural
Material Properties:
f'c = 24 MPa fy = 400 MPa
Ec = 23025.2 MPa Es = 200000 MPa
fc = 20.4 MPa Rupture strain = Infinity
Ultimate strain = 0.003 mm/mm
Betal = 0.85
Section:
Rectangular: Width = 350 mm Depth = 400 mm
Gross section area, Ag = 140000 mm”2
Ix = 1.86667e+009 mm™4 Iy = 1.42917e+009 mm”~4
Xo = 0 mm Yo = 0 mm
Reinforcement:
Rebar Database: prEN 10080
Size Diam (mm) Area (mm”™2) Size Diam (mm) Area (mm”™2) Size Diam (mm)
+# 6 3 28 ¥ 8 8 50 # 10 10
# 12 12 113 # 14 14 154 # 16 1le
# 20 20 314 # 25 25 491 # 28 28
# 32 32 801 # 40 40 1256
Confinement: Tied; #6 ties with #25 bars, #6 with larger bars.
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7
Layout: Rectangular
Pattern: Equal Bar Spacing (Cover to transverse reinforcement)
Total steel area, As = 6874 mm"2 at 4.91%
14 #25 Cover = 40 mm
Factored Loads and Moments with Corresponding Capaciti (see user's manual
Pu Mux Muy fMnx fMny
No kN kN-m kN-m kN-m kN-m fMn/Mu
1 1638.2 0.0 0.0 223.4 0.0 999.999
2 600.0 204.0 3.3 266.5 4.3 1.306
3 925.0 5.0 213.0 5.5 238.6 1.120
* kK

*** Program completed as requested!

119

Page
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for notation)
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O O O O

® ®

o 4+ o

® ®

O O O O
350 x 400 mm

Code: ACI 318-95

Units: Metric

Run axis: Biaxial

Run option: Investigation
Slenderness: Not considered
Column type: Structural
Bars: prEN 10080

Date: 05/25/15

Time: 01:40:29

400 T

My (kN-m)

P =600 kN

-400 —

PCACQOL V3.00 (PCA 1999) - Licensed to: Licensee name not yet specified.

File: DA\PROGRAM\PCACOL-1\C3_2.COL

Project: Case-2
Column: C3

fc =24 MPa

Ec = 23025 MPa

fc =20.4 MPa

e_u =0.003 mm/mm

Beta1=10.85

L__Confinement: Tied

fy =400 MPa
Es = 200000 MPa

e_rup = Infinity

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7

Engineer: TC

Ag = 140000 mm~"2
As = 6874 mm"2
Xo =0mm

Yo =0mm

Clear spacing = 46 mm

14 #25 bars

Rho =4.91%

ly = 1.87e+009 mm~*4
ly = 1.43e+009 mm~4

Clear cover =46 mm

3191 1.18 (99)
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05/25/15 PCACOL V3.00 - PORTLAND CEMENT ASSOCIATION - Page 2
01:42:31 Licensed to: Licensee name not yet specified. Cl_3
General Information:
File Name: D:\PROGRAM\PCACOL-1\Cl 3.COL
Project: Case-2
Column: cl Engineer: TC
Code: ACI 318-55 Units: Metric
Run Option: Investigation Slenderness: Not considered
Run Axis: Biaxial Column Type: Structural
Material Properties:
f'c = 24 MPa fy = 400 MPa
Ec = 23025.2 MPa Es = 200000 MPa
fc = 20.4 MPa Rupture strain = Infinity
Ultimate strain = 0.003 mm/mm
Betal = 0.85
Section:
Rectangular: Width = 250 mm Depth = 300 mm
Gross section area, ARg = 75000 mm”™2
Ix = 5.625e+008 mm~4 Iy = 3.90625e+008 mm"4
Xo = 0 mm Yo = 0 mm
Reinforcement:
Rebar Database: prEN 10080
Size Diam (mm) Area (mm"2) Size Diam (mm) Area (mm”2) Size Diam (mm) Area (mm"™2)
¥ 6 [ 28 # 8 8 50 # 10 10 79
# 12 12 113 # 14 14 154 # 16 16 201
# 20 20 314 # 25 25 491 # 28 2 cle
# 32 32 301 + 40 40 1256
Confinement: Tied; #6 ties with #25 bars, #6 with larger bars.
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7
Layout: Rectangular
Pattern: All Sides Equal (Cover to transverse reinforcement)
Total steel area, As = 1608 mm"2 at 2.14%
8 #16 Cover = 40 mm

Factored Loads

and Moments with Corresponding Capacities:

for notation)

Pu Mux
No. kN kN-m
1 491.0 0.0
2 73.0 31.5
3 131.0 4.3
*** Program completed as requested!
3
u

17=0.19 ,S=1.5

Muy fMnx fMny
kN-m kN-m kN-m fMn /Mu
0.0 68.6 -0.0 999.999
0.7 63.6 1.5 2.021
42 .7 4.8 47.8 1.119
* ok ok

1N 2,19 T1waz@eanamuiuntindae aaa. C1 NIaIN 3 AAUTILHUAY 112



122

250 x 300 mm

70T

My (kN-m)

Mx (kN-m)

Code: ACI 318-95
Units: Metric

Run axis: Biaxial \
Run option: Investigation
Slenderness: Not considered
Column type: Structural
Bars: prEN 10080

Date: 05/25/15

Time: 01:43:05

P=131

-70 —
kN

/70

PCACOL V3.00 (PCA 1999) - Licensed to: Licensee name not yet specified.

File: D:\PROGRAM\PCACOL-1\C1_3.COL
Project: Case-2
Column: C1

fc =24 MPa fy =400 MPa
Ec = 23025 MPa Es = 200000 MPa
fc =20.4 MPa e_rup = Infinity
e_u=0.003 mm/mm

Beta1=0.85

L_Confinement: Tied phi(a) = 0.8, phi(b)

Engineer: TC

Ag = 75000 mm*2
As =1608 mm”"2
Xo =0mm

Yo =0mm

Clear spacing = 55 mm

8 #16 bars

Rho =2.14%

ly = 5.62e+008 mm*4
ly = 3.91e+008 mm*4

Clear cover = 46 mm

= 0.9, phi(c) = 0.7

71U v.19 (1)




05/25/15 PCACOL V3.00
01:43:16 Licensed to:

General Information:

- PORTLAND CEMENT ASSOCIATION -
Licensee name not yet specified.

File Name: D:\PROGRAM\PCACOL-1\C2_ 3.COL

Project: Case-1
Column: c2 Engineer: TC
Code: ACI 318-95 Units: Metric

Run Option:

Inves

tigation Slenderness:

123

Not considered

Run Axis: Biaxial Column Type: Structural
Material Properties:
f'c = 24 MPa fy = 400 MPa
Ec = 23025.2 MPa Es = 200000 MPa
fc = 20.4 MPa Rupture strain = Infinity
Ultimate strain = 0.003 mm/mm
Betal = 0.85
Section:
Rectangular: Width = 300 mm Depth = 300 mm
Gross section area, Ag = 90000 mm™2
Ix = 6.75e+008 mm"4 Iy = 6.75e+008 mm™4
o = 0 mm Yo = 0 mm
Reinforcement:
Rebar Database: prEN 10080
Size Diam (mm) Area (mm”™2) Size Diam (mm) Area (mm™2) Size Diam (mm)
# 6 6 28 # 8 38 50 # 10 10
# 12 12 113 ¥ 14 14 154 # le 1le
#+ 20 20 314 + 25 25 491 # 28 28
# 32 32 801 # 40 40 1256
Confinement: Tied; #6 ties with #25 bars, #6 with larger bars.
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7
Layout: Rectangular
Pattern: All Sides Equal (Cover to transverse reinforcement)

Total steel area,

10 #20 Cover

Factored Loads and Moments with Corresponding

As 3140 mm™2 at 3.49%

40 mm

Capacities:

(see user's manual

Pu

No kN
1 €97.5

2 484.0

3 339.0

*** Program completed as requested!

A 2 o Y o
5UN ¥.20 S19az@eAMIAIUIUKINAALE AT,

U

Muzx Muy fMnx
kN-m kN-m kN-m
10.0 1.5 92.5
97.7 0.7 108.3
17.7 73.1 20.4

o ko

A

C2n3un 3

17=0.19,8=1.5

fMny
kN-m fMn/Mu
13.8 9.251
0.6 1.108
84.1 1.150
AauIHUAY 190

Page

cz

for notation)
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300 x 300 mm

200 1

My (KN-m)

Code: ACI 318-95

Units: Metric

Run axis: Biaxial

Run option: Investigation
Slenderness: Not considered
Column type: Structural
Bars: prEN 10080

Date: 05/25/15

Time: 01:43:41

P =484 kN
PCACOL V3.00 (PCA 1999) - Licensed to: Licensee name not yet specified.

-200 —

\\:
n

File: D:\PROGRAM\PCACOL-1\C2_3.COL
Project: Case-1
Column: C2

fc =24 MPa fy =400 MPa
Ec = 23025 MPa Es = 200000 MPa
fc =204 MPa e_rup = Infinity
e_u=0.003 mm/mm

Beta1 = 0.85

L__Confinement: Tied

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7

Engineer: TC

Ag = 90000 mm*2
As =3140 mm”"2
Xo =0mm

Yo =0mm

Clear spacing =74 mm

10 #20 bars

Rho =3.49%

ly = 6.75e+008 mm~4
ly = 6.75e+008 mm”4

Clear cover =46 mm

317 v.20 (d19)
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05/25/15 PCRCOL V3.00 - PORTLAND CEMENT ASSOCIATION -

01:43:59 Licensed to:

General Information:

File Name: D:\PROGRAM\PCACOL-1\C3 3.COL

Licensee name not yet specified.

Project: Case-2
Column: Cc3 Engineer: TC
Code: ACI 318-95 Units: Metric
Run Option: Investigation Slenderness: Not considered
Run Axis: Biaxial Column Type: Structural
Material Properties:
f'c = 24 MPa fy = 400 MPa
Ec = 23025.2 MPa Es = 200000 MPa
fc = 20.4 MPa Rupture strain = Infinity
Ultimate strain = 0.003 mm/mm
Betal = 0.85
Section:
Rectangular: Width = 300 mm Depth = 400 mm
Gross section area, Ag = 120000 mm"™2
Ix = 1.6e+009% mm"4 Iy = 9e+008 mm~4
Xo = 0 mm Yo = 0 mm
Reinforcement:
Rebar Database: prEN 10080
Size Diam (mm) Area (mm"2) Size Diam (mm) Area (mm"2) Size Diam (mm)
¥ 6 6 28 # 8 8 50 # 10 10
# 12 12 113 # 14 14 154 # 16 16
# 20 20 314 # 25 25 491 # 28 28
# 32 32 80 # 40 40 1256
Confinement: Tied; #6 ties with #25 bars, #¢ with larger bars.
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7
Layout: Rectangular
Pattern: Equal Bar Spacing (Cover to transverse reinforcement)
Total steel area, As = 5892 mm*2 at 4.91%
12 #25 Cover = 40 mm
Factored Loads and Moments with Corresponding Capacities: (see user's manual
Pu Mux Muy fMnx fMny
No kN kN-m kN-m kN-m kN-m fMn/Mu
1 1638.2 0.0 0.0 168.8 0.0 999.999
2 875.0 147.8 0.4 209.7 0.3 1.419
3 835.0 2.2 140.0 2.7 168.3 1.202

*** Program completed as requested!

i

3

N17=0.19 ,8=1.5

for notation)
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fc = 20.4 MPa
e _u=0.003 mm/mm

Beta1 = 0.85

L_Confinement: Tied

e_rup = Infinity

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7

Xo =0mm
Yo =0 mm

Clear spacing = 46 mm

ly = 1.6e+009 mm”"4
ly = 9e+008 mm~4

Clear cover = 46 mm

300 1 My (kN-m)
, €
O 4+ O
//
/ Mx (kN-m)
300 x 400 mm /
A ] |
Code: ACI 318-95 \ 2
AN
Units: Metric -300 AN 300
N\ £
Run axis: Biaxial
Run option: Investigation
Slenderness: Not considered
Column type: Structural
Bars: prEN 10080
Date: 05/25/15
Time: 01:44:19
-300 —
P =875 kN
PCACOL V3.00 (PCA 1999) - Licensed to: Licensee name not yet specified.
File: D\PROGRAM\PCACOL-1\C3_3.COL
Project: Case-2
Column: C3 Engineer. TC
fc =24 MPa fy =400 MPa Ag = 120000 mm"2 12 #25 bars
Ec = 23025 MPa Es = 200000 MPa As =5892 mm"2 Rho =4.91%

71U v.21 (919)




05/25/15 PCAC
01:44:50 Lice

General Inf

OL v3.00
nsed to:

ormation:

File Name: D:\PROGRAM\PCACOL-1\C1l 4.COL

- PORTLAND CEMENT ASSOCIATION -
Licensee name not yet specified.

Project: Case-2
Column: c1l
Code: ACT 318-95

Run Option:

Investigation

Engineer: TC
Units: Metric

Slenderness:

Not considered

Run Axis: Biaxial Column Type: Structural
Material Properties:
flc = 24 MPa fy = 400 MPa
Ec = 23025.2 MPa Es = 200000 MPa
fc = 20.4 MPa Rupture strain = Infinity
Ultimate strain = 0.003 mm/mm
Betal = 0.85
Section:
Rectangular: Width = 300 mm Depth = 300 mm
Gross section area, Ag = 90000 mm"2
Ix = 6.75e+008 mm"4 Iy = 6.75e+008 mm"4
Xo = 0 mm Yo = 0 mm
Reinforcement:
Rebar Database: prEN 10080
Size Diam (mm) Area (mm”~2) Size Diam (mm) Area (mm”~2) Size Diam
# 6 6 28 # 8 3 50 # 10 10
# 12 12 113 # 14 14 154 # 16 16
# 20 20 314 # 25 25 491 # 28 28
# 32 32 801 # 40 40 1256
Confinement: Tied; #6 ties with #25 bars, #6¢ with larger bars.
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7
Layout: Rectangular

Pattern: All Sides Equal

Total st
10 #16

Factored Loads and Moments with Corresponding Capacities:

eel area,

Cover = 40

mm

(see user's

(Cover to transverse reinforcement)
As = 2010 mm™2 at 2.23%

Pu Mux

No. kN kN-m
1 588.3 0.0

2 256.0 52.0

3 120.5 4.0

*** Program completed as requested!

Muy fMnx
kN-m kN-m
0.0 86.2
0.7 77.2
69.5 4.1
K ok ke

fMny

kN-m £Mn/Mu
0.0 999.999
1.0 1.485

73.8 1.062

(mm) Area

manual for

127

notation)
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90 - My (kN-m)
O O O O 173
, s
o + o |
O O O o 1
1 Mx (kN-m)
300 x 300 mm \
A
Code: ACI 318-95 \
Units: Metric -0 T 0
Run axis: Biaxial i
Run option: Investigation /
Slenderness: Not considered /
\
Column type: Structural A T
Bars: prEN 10080 i
Date: 05/25/15
Time: 01:45:13
-90 —
P =120 kN
PCACOL V3.00 (PCA 1999) - Licensed to: Licensee hame not yet specified.
File: D:\PROGRAM\PCACOL-1\C1_4.COL
Project: Case-2
Column: C1 Engineer: TC
f'c =24 MPa fy =400 MPa Ag =90000 mm*2 10 #16 bars
Ec = 23025 MPa Es = 200000 MPa As =2010 mm”"2 Rho =2.23%

fc = 20.4 MPa
e_u = 0.003 mm/mm

Beta1 =0.85

L_Confinement: Tied

e_rup = Infinity

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7

Xo =0 mm
Yo =0mm

Clear spacing = 80 mm

ly = 6.75e+008 mm~4
ly = 6.75e+008 mm*4

Clear cover = 46 mm

77 ©.22 (si9)




05/25/15 PCACOL V3.00 - PORTLAND CEMENT ASSOCIATION -
01:45:34 Licensed to: Licensee name not yet specified.

General Information:

File Name: D:\PROGRAM\PCACOL-1\C2 4.COL

Project: Case-1

Column: cz Engineer: TC

Code: ACI 318-95 Units: Metric

Run Option: Investigation Slenderness: Not considered

Run Axis: Biaxial Column Type: Structural
Material Properties:

flc = 24 MPa fy = 400 MPa

Ec = 23025.2 MPa Es = 200000 MPa

fo = 20.4 MPa Rupture strain = Infinity

Ultimate strain = 0.003 mm/mm

Betal = 0.85
Section

Rectangular: Width = 300 mm Depth = 400 mm

Gross section area, Ag = 120000 mm”2

Ix = 1.6e+009 mm"4 Iy = 9e+008 mm~4

Xo = 0 mm Yo = 0 mm

Rebar Database: prEN 10080

Size Diam (mm) Area (mm”"2) Size Diam (mm) Area (mm”"2)
¥ 6 6 28 # 8 8 50
# 12 12 113 # 14 14 154
# 20 20 314 # 25 25 491
# 32 32 801 # 40 40 1256

Size Diam (mm) Area

# 10
# 16
# 28

Confinement: Tied; #6 ties with #25 bars, #6 with larger bars.

phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7

Layout: Rectangular

Pattern: Equal Bar Spacing (Cover to transverse reinforcement)

Total steel area, As = 5024 mm™2 at 4.19%
16 #20 Cover = 40 mm

Factored Loads and Moments with Corresponding Capacities:

(see user's

fMny
kN-m

manual for

fMn/Mu

Pu Mux Muy fMnx
No. kN kN-m kN-m kN-m
1 717.0 19.5 84.2 32.1
2 547.5 193.0 2.4 202.3
3 341.0 21.0 119.6 25.0

k4% Program completed as requested! *xx*

129
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O O 0O O O O
O O 0 O O O

300 x 400 mm

Code: ACI 318-95

Units: Metric

Run axis: Biaxial

Run option: Investigation
Slenderness: Not considered
Column type: Structural
Bars: prEN 10080

Date: 05/25/15

Time: 01:45:46

300 +

My (kN-m)

P = 341

-300 —

KN

PCACOL V3.00 (PCA 1999) - Licensed to: Licensee name not yet specified.

Project: Case-1
Column: C2

fc =24 MPa

Ec = 23025 MPa

fc =20.4 MPa
e_u=0.003 mm/mm

Betal =0.85

L_Confinement: Tied—

File: DAPROGRAM\PCACOL-1\C2_4.COL

fy =400 MPa
Es = 200000 MPa

e_rup = Infinity

phi(a) = 0.8, phi(b)

Engineer: TC

Ag = 120000 mm*2
As =5024 mm”"2
Xo =0mm

Yo =0mm

Clear spacing = 38 mm

16 #20 bars

Rho =4.19%

ly = 1.6e+009 mm”"4
ly = 9e+008 mm~"4

Clear cover = 46 mm

=0.9, phi(c) = 0.7

JUN v.23 (90)




05/25/15 PCACOL V3.00 - PORTLAND CEMENT ASSOCTIATION -
01:46:09 Licensed to: Licensee name not yet specified.

General Information:

File Name: D:\PROGRAM\PCACOL—I\C374ACOL

Project: Case-2

Column: c3 Engineer: TC

Code: ACI 318-95 Units: Metric

Run Option: Investigation Slendernes Not considered
Run Axis: Biaxial Column Type: Structural

Material Properties:

f'c = 24 MPa fy = 400 MPa

Ec = 23025.2 MPa Es = 200000 MPa

fc = 20.4 MPa Rupture strain = Infinit
Ultimate strain = 0.003 mm/mm

Betal = 0.85

Section:

Rectangular: Width = 350 mm Depth = 400 mm

Gross section area, Ag = 140000 mm"2

Ix = 1.86667e+009 mm”™4 Iy = 1.42917e+009 mm"™4
¥o = 0 mm Yo = 0 mm

Reinforcement:

Rebar Database: prEN 10080

Size Diam (mm) Area (mm"2) Size Diam (mm) Area (mm”"2) Size
# 6 4] 28 # 8 8 50 # 10
# 12 12 113 # 14 14 154 # 16
# 20 20 314 # 25 25 491 # 28
# 32 32 801 # 40 40 1256

Confinement: Tied; #6 ties with #25 bars, #6 with larger bars.
phi(a) = 0.8, phi(b) = 0.9, phi(c) = 0.7

Layout: Rectangular

Pattern: Equal Bar Spacing (Cover to transverse reinforcement)
Total steel area, As = 6874 mm"2 at 4.91%

14 #25 Cover = 40 mm

Factored Loads and Moments with Corresponding Capacities: (see use
Pu Mux Muy fMnx fMny

No. kN kN-m kN-m kN-m kN-m

1 1638.2 0.0 0.0 223.4 0.0

2 589.0 233.8 4.2 266.1 4.7

3 945.0 5.7 230.0 5.8 237.4

*** Program completed as requested! ***

Yy

Diam (mm) Area

r's manual for

fMn/Mu
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// 4 Mx (KN-m)
350 x 400 mm /
1 B v s
Code: ACI 318-95
Units: Metric -400 \\\ - 400
Run axis: Biaxial \
Run option: Investigation
Slenderness: Not considered -
Column type: Structural
Bars: prEN 10080
Date: 05/25/15 -+
Time: 01:46:20
-400 —
P =945 kN

PCACOL V3.00 (PCA 1999) - Licensed to: Licensee name not yet specified.

File: D\PROGRAM\PCACOL-1\C3_4.COL

Project: Case-2

Column: C3 Engineer: TC

fc =24 MPa fy =400 MPa Ag = 140000 mm~"2 14 #25 bars

Ec = 23025 MPa Es = 200000 MPa As =6874 mm"2 Rho =4.91%

fc = 20.4 MPa e_rup = Infinity Xo =0mm ly = 1.87e+009 mm"4
e_u=0.003 mm/mm Yo =0mm ly = 1.43e+009 mm”"4

Betal =0.85

L—Confinement: Tied

phi(a) = 0.8, phi(b)

=0.9, phic)= 0.7

Clear spacing = 46 mm

Clear cover = 46 mm

77 v.24 (s10)
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