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Driven and cast-in-place ) adsall 2 dsuaally 4ilGall (32316AY 2.1.5.2

( displacement piles

Jalaall ) e ailie Dty 53V b sl alale Jaal oandi oy G sAl) (e g5l 13
S A AN aa L W) s Q| adaiall iy gt JAh bl das puia g & slhaall
(Withdrawable-tube 4 sawall i) &) 3l cand (32 )) AN e g1 63Y) 038 Lgua 2y
& Ja all Qe Llu ja Gl 38 ) Y b il 8 aadid A )5l 8 types ).
s ayead Jaly Llujall iy (internal mandrel ) adals dbjaa Aol g 4 il
£V o3l aia e elikiu¥) (e g il 138 8 Al Al i 3y il alaial

. (Shell types ).4 48l & 5V anss

Jadail) Gae il 35 Al Jsh (& Jaanill (S adl 33 531 (e g il 13 Apnlia) 8 aall
G lladl) Bl &l 8 JRaY) b A i) gl 4 L, G llad)
s ol A Gob o Aseu Jkll 8 Qaadll ahy dppa8) gl g 8 (V) Al
nSS Sy il 3 a5l sall sdgd (5 A 5 e Lial Glllia (55 Al i Sl 5 jpiaall Cilas gl
G sall o1l e Loy aai W 3 Jaall 028 IS5V dalise 3L 31 S5 pall die (35 A1 adata
Al il Als 8 dlie Gl adsall (8 Ayguae o5 LSAS) Bl & )
Apse Alu Al 1 3V il e 3aeelS ol £ (5 e (558 Wanaai dic Lgaladiind Sy oSl
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mvidm 7| W

Driving tube

Gravel plug |'==

Concrete base -

4 el Gl (5350 53 2 ) e a5y (15.2) JSa

( Replacement piles) 4l Jlaiul (35195 3.1.5.2

G Al el | jaal) il dlaud g Al 21 AL Yl Gl e gl e ands Sy
Botall Jah aadiinall LG peaiall o Dl Al aa sy

ORar JSLie ellia (81 5 Lelalay Alu Al Caua goia jia 05 £ sl 3¢ oLy <G Lo
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(lining tubes ) 5_iall 43lals LlaS (gl puzmg 55 aal) jiay 3o jall o gkt N ol
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bored ) adsall (8 43 siad) Gl (o Ao ) Jlagiud 3 ) sad aulal g1 @O lia
s, ( drilled-in tubular) «ss¥) & sl & ))sa (and cast-in-place piles

.(composite piles) &Sl G ) sl
P AU dIadiad B3l ss g ) sl
(Bored and cast-in-place piles)adsall 2 43 guaal) (33 53 1

Ja1s bl as 3508 s o8 LSS0 5 Loy da) Jis o 3l (2 )Y Alls 8
e il o ggind U 5 5 Aa )l A Al 2 Bl Al s a3l Gy gad
138 L) (e Leriay Lol sa il 3 8al) Calad oy 3 suSall jsaiall Al B 5l Ale
osaaall g bl plll Al b caall U le Al Cua a4 Sy D)
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( drilled-in tubular) s 4 Asll 35153 .2

( rotated) 4l (el laa 5 ol aladin) 3 JidE g sl 13gd Al 5 3l
sda Sy Laad Al Jala 2l J<G sV @ slhall (g il ) 3 3l Jala
& sill oda ddlida (3 ks Jind N sl ol g0 ol 4y il dal A Y dile A0l o suY)

oAl @il e ol Sl Hsha e osiad A A iy
(Composite piles) 48 !l (35153 .3

S Al 3 ) Al L 5S35 ) S Balall G (4 ddlise(combinations ) <l
dal lealaial iy S il 228 adgall (A D suaall e 4SSl ) Al e ClaS
A e e g ¥ Al sl Al e Gl L Gapety G JSLa)
b all Base (A e x e 0% S e (SiilSie 318 pladiul (e Aailal) il
s laall paall (g Eua sl § il A yed) Adlaiall (3 G55 Al (5 slall adaiall

ad) gl (5 sl and 52V B (555 aladid S5y (35 Al i) adaidll
e ( rigidly) Tus Ade 0588 O e SO G5 Al B gl Y G Slasl)
45 5Sal (331 5all A jlie AbeaBl e i LS all Ga)lsA) Lagas 23l Clalgal ag el

A g adada (e

( Minipiles and micropiles) sall 4aliiall g 3 paall 3231531 4.1.5.2

300-50) 0 Lo ki = ) 55 A 3 53 W e (Minipiles) 3 sl G 3l sal) <o s
(mm 50) o J8I s i) o 5 o Sl o (micropiles) Jaall daliial s (mm
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Driven and cast-in-place )adsall (2 43 guaal) LilSuall (31516301 2

(displacement piles
1) Jaaal)

creaill A o g (o Dl 3l e ol o8 gl 8 A gy (3531 sk aat (S 1
il Al e 48 gl sluall il aiad ddlke dlen Alaaal) caiDU) 2
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:Jlaal) cilwa 2.3
(Dead loads) 4wl Jlea¥l 1.2.3
sk e
Gl shal) clud j e cuall Jaadl >
T, clulais .
L3 -
Assume y = 20 KN/m?
yXh=20x0.01=0.2KN/m?
i yall -
Assume y = 20 KN/m?
y X h =20 x0.03 = 0.6 KN/m?
pa )Y Clyhlip gena

0.2 4+ 0.6 = 0.8 KN/m?

ol luhais e
Gl al -
Assume y = 20 KN/m?
yXh=20x0.01=0.2KN/m?



il S -
Assumed 0.5 KN/m?
ool Alulali g gana
0.2 4+ 0.5 = 0.7KN/m?
Jalsill o

yxhxt 18x3Xx0.25
3 3

= 4.5 KN/m?

Gkl Al e ) Jeall ¢ sans

0.8+ 0.7+ 4.5=6 KN/m?

i) Al o el Jasdl >
:\3\.\'4)“2“ u_iLuLm“ Noe

1ol -
y X h =20x0.01 =0.2KN/m?

2 gall -
y X h=20x%0.03=0.6 KN/m?

dpa )Y Glphlip gena

0.2 4+ 0.6 = 0.8 KN/m?

IR
sl galy -

yXh=20x0.01=0.2KN/m?
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il <o m
Assumed 0.5 KN /m?
ool Alulali g gana
0.2 4+ 0.5 = 0.7KN/m?
Jalsill o

yxhxt 18x15x0.25
3 3

= 2.25 KN/m?

Catall a3l e Cuall Jeall ¢ sane

0.8 4 0.7 + 2.25 = 3.75 KN /m?

albladl Ao cuall Jaal) >
Lo Y aluhis o

1ol -
y X h =20x0.01 =0.2KN/m?

2 gall -
y X h=20x%0.03=0.6 KN/m?

A )Y Glplalip gena

0.2+ 0.6 = 0.8 KN/m?
234l) jaly @

y X h=20x0.01=0.2KN/m?

Alud) Je cuall Jeall ¢ sana
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0.8+ 0.2 =1KN/m?

(Live loads) 4l Jleal) 2.2.3

Gl shal) cilua )i Ao Al Jaad) >
il e ase 5 (Hotel balcony) ¢l 4 il sl Jesll gl
(1 Gl 4 KN/m?* =

i) Ay e Al Jaal) 3
(2 Galall 4 KN/m? =

DLl e Al Jaal) >
(3 Galdll) 4 KN/m? =

(Wind loads) gt Jwal3.2.3

(ETABS) gt dau g Cavesn



: (ETABS) gt ddail g3 (ALY Julail) 3.3
s byl @Bie 1.3.3

all CBALe 1.1.3.3

File Edt View Define Draw Select Assign Ansze Display Design Defailng Options Help
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Jla¥) cdlasa 2,1.3.3
) JlaaY) i |

il L eyl Jasdl |

Shell Load Assignment - Uniform n
Load Pattem Name | Dead v|
Uniform Load Ciptions
Load |'E |kN.-"'m2 ':::' Add to BEdsting Loads
(@ Replace Exsting Loads
Direction |Era-u-ﬂ3r ¥ | () Delete Bdsting Loads
| OK | | Cose | | Apply |

G shall S e cyall Jesll Jlal (8.3) JSal

Gl A3 e el Jeall ]

Shell Load Assignment - Uniform n
Load Pattem Name | Dead v
Unifarm Load Cptions
Load |3?5 | leM/m2 O Add ta EﬂSﬂﬂg Loads
(@ Replace Bdsting Loads
Direction |Era1.ritl,r v| () Delete Bxdsting Loads
| OK | | Cose | | Aoply |

i) A3 e Cuall Janl) J83)(9.3) 080
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Al el Jasll T

Shell Load Assignment - Uniform n
Load Pattem Name | Dead v
Uniform Load Options
Load |-| | leMAm2 D Add to EﬂSﬁtiﬂg Loads
(@) Replace Existing Loads
Direction |Eravﬂ'_l,r vl () Delete Existing Loads
| OK | | Coss | | Aeply |

Al e cuall Jaall JWa) (10.3)Jsal

Al JlaalY) edlane o

Al il 3 e all Jes) |

Shell Load Assignment - Uniform n
Load Pattem Mame |IJ1.re V|
Unifarm Load Oiptions
Load |4 ||{N.-"I'I12 ':::' Add to Existing Loads
(@) Replace Exsting Loads
Direction |Era'u'ﬂ3r v| ) Delete Existing Loads .
| Ok | | Cose | | Aoply |

AL 5 el Bl e gl daal a3 (11.3) S
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Ciid) Al e sl Jeal

Shell Load Azsignment - Uniform

Load Pattem Mame | Live vl
Uniform Load Options
Load |1_5 |kN.-"'m’ (C) Addto Edsting Loads
(® Replace Exsting Loads
Direction |Era1.rit1|r v| () Delete Existing Loads
. OK | | Cose | | Apply

Gl 33 e Al Jeall Ja) (12.3) Jal)

.II

] Define Load Patterns K|
Loads Click To
Self Weight Aut
Load Type Mum;i LateraIT.oad | AddNewload |
wind Wind vi|0 UBC 57 Y | Modiyload |
Dead Dead 1
Li Li 0 f
W [ TETETE
. Deeteload |
| Ok || Coned |

ol Jen 258 Ja) (13.3) dal
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i Wind Load Pattem - UBC 67

Exposure and Pressure Coefficients Wind Coefficients
(@) Exposure from Edents of Diaphragms Wind Speed (mph)
(") Exposure from Shell Objects Exposure Type

Import Fact
Wind Exposure Parameters mporance Facior

Wind Directions and Exposure Widths Modify,/Show... Exposure Height
Windward Coefficient, Cq Top Story
Leeward Coefficient, Cq Bottom Story

[ Include Parapet
Parapet Height

€ €

ok | | Cancel |

Lol des d¥lera JA2) (14.3) Jsal

Direction Angles (use semicolon as separator) |D; 90 | deg

Exposure Set 1 of 2: 0deg

Story Diaphragm Width Depth X Ordinate Y Ordinate
m m m m
D1 36.7225 78.6225 333216 0.9151
D1 36.7225 78.6225 333216 0.9151
D1 36.7225 78.6225 333216 0.9151
D1 36.7225 78.6225 333216 0.9151
D1 36.7225 78.6225 333216 0.9151
4TH D1 36.7225 78.6225 333216 0.9151
3RD D1 36.7225 78.6225 333216 0.9151
2ND D1 36.7225 78.6225 333216 0.9151
15T D1 29.0396 78.6225 333216 4.7566
GR D1 36.7225 78.6225 333216 0.9151

(Wind 1) zl ¥ 45l 5 (15.3) JSal)
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Direction Angles {use semicolon as separator) |D; 90 | deg

Exposure Set 2 of 2- 90 deg

Story Diaphragm Width Depth X Ordinate Y Ordinate
m m m m
ROOF D1 78.6225 367225 333216 0.9151
D1 78.6225 367225 333216 0.9151
D1 78.6225 367225 333216 0.9151
D1 786225 367225 333216 0.9151
D1 786225 367225 333216 0.9151
4TH D1 786225 367225 333216 0.9151
3RD D1 78.6225 367225 333216 0.9151
2ND D1 78.6225 367225 333216 0.9151
15T D1 78.6225 29.0396 333216 47566
GR D1 78.6225 367225 333216 0.9151

(Wind 2) L 4515 (16.3) Jsal

Jlaal) el 5 A 3.1.3.3

1. comb1=1.4dead load x 1.6 live load

Load Combination Data [ x |
General Data
Load Combination Name Cnmb1 |
Combination Type | Linear Add v |
Notes | Modfy/Show Notes... |
Auto Combination | No

Define Combination of Load Case/Combo Results

Load Name Scale Factor

14 Add

Live 16 Delete
. 0K || Cancdl |

(combination 1) 1 s¥) Jwal¥) 4. 5 Ja) (17.3) Jsal
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2.

3.
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comb 2 =1.2 (dead load x live loadxwind load )

Load Cembinaticn Data
General Data
Load Combination Name |Cumb2 |
Combination Type | Linear Add w |
Notes | Modify/Show Notes... |
Auto Combination | No

Define Combination of Load Case/Combo Results

Load Mame Scale Factor
12 Add
i Delete
2
oK | | Cancel

(combination 2) 4l Jlea) 4 5 JA)(18.3) JSal)

comb 3 =1 dead load x1.4 wind load

i Load Combination Data
General Data
Load Combination Mame ] |
Combination Type | Linear Add W |
Notes | Modify/Show Motes. . |
Auto Combination | No

Define Combination of Load Case/Combo Results

Load Name Scale Factor
1 Add
wind 14 Delete
oK | | Cancsl

(combination 3) 4 Jual) 4.8 55 J1a3)(19.3) Jsall




Jalasl) zilii 2,.3.3

sl Jladl 3535 (1.3)d 52

TABLE: Base
Reactions
Load Case
/Combo FX FY FzZ MX MY MZ
kN kN kN kN-m kN-m KN-m
Dead 319.42 -731.96 | 197944.3 103177 | -6321063 -809.13
Live 171.83 -413.24 | 56350.96 | 21080.7 | -1794119 | -310.629
wind 1 -3094 0.4312 -0.1684 | -10.6078 | -48524.4 | 3810.57
wind 2 1.0954 -6771.6 -0.5581 104594 18.2971 | -225653
Combl 722.12 -1685.9 | 367283.5 178176 | -1172008 -1629.8
Comb2 Max 590.82 -1373.7 | 305154.1 274622 | -9738197 | 3228.97
Comb2 Min -3123.3 -9500.3 | 305153.7 149096 -979644 | -272127
Comb3 Max 320.96 -731.36 197944 249608 | -6321038 | 4525.67
Comb3 Min -4012.2 -10212 | 1979435 103161 | -6388998 | -316723
G skl 6 8 :(2.3) s
TABLE: Story Forces
Load
Story | Case P VX VY T MX MY
kN kN kN kN-m kKN-m kKN-m
ROOF | Dead 16450.98 | 635.35 |-43.10 |-555.74 |8871.583 |-525058
ROOF | Live 5632.271 | 24551 |-15.39 |-311.82 |1215.548 |-179513
ROOF |wind1 |-11.8504 -122.7 | -4.721 | 211.326 | 24.252 -324.44
ROOF |wind 2 | 19.9252 -96.11 | -405.4 |-13770. |1168.552 |-771.49
8TH Dead 36509.15 |606.89 |-169.8 |-710.56 |18219.41 |-1166099
8TH Live 11199.25 | 221.96 |-84.94 |-368.91 |2612.821 |-356897
8TH wind 1 | -24.3263 -322.3 | -13.37 | 755.006 |61.0392 -1541.41
8TH wind 2 | 37.5474 -71.02 | -1204 -40347. | 4740.855 |-1369.14
7TH Dead 56678.31 | 576.90 |-297.7 |-1091.9 | 27648.61 |-1810669
7TH Live 16809.23 | 207.91 |-156.3 |-560.85 |4095.845 |-535683
7TH wind 1 | -65.2744 -516.3 | -23.06 1264.62 | 183.1884 | -2787.56
7TH wind 2 | 10.3248 -54.60 | -1999 -66773 10812.35 | -491.024
6TH Dead 76831.13 | 559.04 |-4125 |-1949.6 | 37519.99 | -2454497
6TH Live 22415.17 | 206.26 |-221.1 |-1085.4 |5812.638 |-714246
6TH wind1 |-79.2171 -704.1 | -32.3 1793.43 | 230.5319 | -6007.41
6TH wind 2 | -33.2565 -38.24 | -2780 -92736 19263.4 870.4089
5TH Dead 97001.09 |930.76 |319.06 |-4286.4 |47706.53 |-3098806
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5TH Live 28021.79 | 41543 |197.75 |-2376.8 | 7674.581 | -892896

5TH wind1l |-102.586 |-877.8 |-42.35 |2318.74 |312.4917 |-9845.27
S5STH wind2 | -132.699 |-20.32 |-3555 -118490 | 30186.57 | 4046.899
4TH Dead 117192.2 |522.24 |105.65 |1392.49 |55571.89 |-3742560
4TH Live 33643.54 |182.92 |79.222 |1008.26 |8280.624 |-1071113
4TH wind1l |-137.014 |-1072. |-50.66 |2817.35 |428.8279 |-14292.6
4TH wind 2 | -262.62 0.765 -4314 -143740 | 43464.65 | 8223.332
3RD Dead 137426.6 | 658.56 |-622.8 |-1285.9 |63975.66 |-4388784
3RD Live 39277.71 | 255.67 |-358.1 |-380.14 |9207.571 |-1250439
3RD wind1l |-175.797 |-1282 -57.36 | 3273.92 | 562.2943 | -19516.9
3RD wind 2 | -418.918 | 26.377 | -5046 -168092 | 59007.52 | 13296.86
2ND Dead 157720.1 | 477.80 |-589.6 |-939.06 |74614.48 |-5036214
2ND Live 44918.87 | 180.23 |-3259 |-347.36 | 11453.76 |-1429748
2ND wind1l |-215.321 | -1556 -59.5 3657.11 |699.9663 | -25639.2
2ND wind 2 | -599.347 |59.824 |-5752. |-191511 | 76729.7 19247.6

1ST Dead 176274.6 | 430.14 |-7554 |-1263.6 |110765.1 |-5627065
1ST Live 49941.4 163.06 |-417.6 | -482.29 |22366.35 | -1589472
1ST wind1l |-318.199 |-1912 -49.72 | 4878.44 | 972.604 -30878.4
1ST wind2 | -710.808 | 80.654 | -6436 -214251 | 96346.51 | 23393.77
GR Dead 1941456 | 203.88 |-735.1 |-1233.9 |113337.4 |-6199224
GR Live 55543.32 |109.16 |-411.4 |-430.83 |23238.57 |-1768237
GR wind 1 | -250.52 -2375. | -36.42 | 4608.66 | 834.8486 | -37012.4
GR wind2 | -762.716 | 17.826 | -6743 -224711 | 106610.4 | 25060.04
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TABLE: Column Forces

Colum | Load

n Case P V2 V3 T M2 M3

kN kN kN kN-m kN-m KN-m

C1 Dead -946.973 | 8.6717 13.4129 | -0.0143 | 9.7073 4.1209
C1 Live -266.075 | 2.8549 5.4882 -0.0095 | 4.8641 1.3035
C1 wind 1 |-20.9908 | 1.674 3.2951 0.009 7.2712 1.9557
C1 wind 2 | -31.69 -1.5108 8.1819 0.019 17.184 -1.8222
C2 Dead -1454.74 | -0.1047 40.5217 |-0.0375 | 19.6916 | -0.1874
C2 Live -433.265 | -0.2594 14.3188 | -0.025 7.5177 -0.4133
C2 wind1 |-31.6072 | 5.5773 2.7754 0.0237 | 4.0658 8.2769
C2 wind 2 | -5.753 -4.5405 6.1905 0.0499 10.2393 | -6.9755
C3 Dead -2582.30 | 12.039 36.2371 | -0.0375 | 17.5823 | 5.075
C3 Live -776.862 | 3.6372 12.7287 | -0.025 6.663 1.3077
C3 wind1 | 11.7041 | 5.2583 2.349 0.0237 3.5491 8.4223
C3 wind 2 | -42.0755 | -3.0698 6.3881 0.0499 11.1543 | -5.566
C4 Dead -2365.61 | -8.1537 46.2186 | -0.0375 | 21.4448 | -3.2063
C4 Live -664.644 | -2.9602 16.1297 | -0.025 7.8938 -1.3526
C4 wind1l | 15.1769 | 5.2618 1.6752 0.0237 2.8937 8.6393
C4 wind 2 | -48.1169 | -2.9064 8.1355 0.0499 12.6644 | -4.6933
C5 Dead -2731.27 | 6.0633 -18.264 -0.1043 | -4.7109 | 1.1602
C5 Live -750.736 | 0.9654 -5.6699 -0.0695 | -0.7978 | -1.5486
C5 wind1 | 23.1823 | 22.4952 | 2.39 0.0658 | 4.5111 45.2773
C5 wind 2 | -36.437 -7.6033 13.8856 | 0.1387 23.7669 | -14.873
C6 Dead -7182.29 | 43.1571 |40.3936 |-0.3132 | 15.7765 | 10.1249
C6 Live -1746.48 | 14.7399 | 15.4018 | -0.2087 | 4.6437 3.8101
C6 wind1 | 28.2743 | -0.0615 27.9872 | 0.1977 66.4344 | -1.0821
C6 wind 2 | -268.28 -46.1715 | 3.8299 0.4166 14.4077 |-111.81
C7 Dead -6884.02 | -36.765 -22.367 -0.3132 | 4.6888 -6.6083
C7 Live -1663.91 | -17.5587 | -6.9104 -0.2087 | 3.7407 -4.9955
C7 wind1 |-28.9284 | 21.9382 | 5.7939 0.1977 13.0444 | 63.1367
C7 wind 2 | -390.771 | -0.0955 39.3806 | 0.4166 99.3818 | -11.827
C8 Dead -2889.36 | -34.8225 | 41.4446 | -0.0778 | 18.2943 | -14.53
C8 Live -903.308 | -12.5927 | 14.4697 |-0.0518 | 6.7755 -6.2236
C8 wind1 | 52.4496 | 12.588 2.0705 0.0491 3.2574 20.4496
C8 wind 2 | 274.756 | 0.462 17.5176 | 0.1034 | 29.2525 | 0.8485
C9 Dead -3337.76 | -30.7128 | 41.6683 | -0.0778 | 15.1929 | -12.504
C9 Live -1063.13 | -10.5096 | 13.291 -0.0518 | 3.8733 -4.27
C9 wind1 |-7.6933 -0.2689 13.1985 | 0.0491 20.9785 | -0.7224
C9 wind 2 | 192.448 -18.4141 | 3.3571 0.1034 6.4437 -31.501
C10 Dead -1484.00 | 7.4828 -37.380 -0.0375 |-13.838 | 2.1765
C10 Live -452.479 | 1.9817 -12.166 -0.025 -4,0918 | -0.0776
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C10 wind 1 | 22.1443 | 6.8678 1.719 0.0237 | 2.687 10.2273
C10 wind 2 | 27.7077 |-1.1891 | 7.5563 0.0499 |12.7939 |-1.7936
Cl1 Dead -1713.68 | -8.3555 | -34.061 |-0.0375 |-12.184 | -4.6238
Cl1 Live -532.097 | -3.4277 |-11.002 |-0.025 -3.4487 | -2.431
Cl1 wind1 |-3.1183 | 6.7641 1.7895 0.0237 | 3.0458 10.0242
Cl1 wind 2 | 28.9535 |-2.1297 |7.1733 0.0499 | 12.0604 | -2.8867
C12 Dead -3110.24 | 10.1104 |-77.784 |-0.0778 | -24.39 1.1307
Ci12 Live -907.629 | 2.4678 -25.668 | -0.0518 |-6.7591 | -1.3217
C12 wind 1 | -8.6442 10.4545 | 3.7604 0.0491 | 7.468 17.8769
Ci12 wind 2 | 67.1528 | -5.856 10.4585 | 0.1034 |19.8588 | -9.502
C13 Dead -3701.22 | 12.1631 |41.8623 | -0.0778 | 21.0078 | 3.4789
C13 Live -1188.34 | 3.334 15.1446 | -0.0518 | 8.5588 0.0001
C13 wind 1 | -10.3729 | 10.3708 | 3.7586 0.0491 | 6.7493 17.6653
C13 wind 2 | 31.2648 |-6.0144 |13.9202 | 0.1034 |22.9304 |-9.5128
C14 Dead -2649.01 | 22.261 11.8191 | -0.0187 | 0.5965 10.0982
Cl4 Live -851.744 | 7.2171 3.0924 -0.0125 |-1.4028 | 3.1368
C14 wind1 | -13.2798 |-1.2913 149153 | 0.0118 | 28.7085 | -1.2477
Cl4 wind 2 | 2.8861 -3.8409 | -7.8598 |0.0249 |-15.936 |-3.9764
C15 Dead -2477.21 | 20.2882 | -5.6074 |-0.0187 |-1.796 9.23
C15 Live -783.974 | 6.5178 -2.6652 | -0.0125 | -2.027 2.8483
C15 wind1 | -0.2323 | -0.773 144009 |0.0118 |29.4193 |-0.9111
C15 wind2 | -0.6745 |-4.7322 |-6.4009 |0.0249 |-12.620 | -4.5866
C16 Dead -2476.95 | -9.2966 14,8046 | -0.0187 | 7.6167 -3.1807
Cl6 Live -797.03 | -4.0322 | 5.2534 -0.0125 | 2.8027 -2.7454
C16 wind 1 | -0.7888 14.8578 | 0.9104 0.0118 | 0.9893 29.8418
Cl6 wind 2 | 13.647 -6.1039 | 4.5658 0.0249 | 4.4975 -12.003
C17 Dead -2761.42 | -1.5547 |36.3758 |-0.0499 |17.7034 |-1.135
C17 Live -862.138 | -1.3064 | 12.7681 |-0.0333 | 6.4746 -1.7347
C17 wind 1 | 15.7955 | 14.6659 | 1.3194 0.0315 | 2.0887 27.1842
C17 wind 2 | 14.9598 | -4.3276 |9.4703 0.0664 | 12.398 -7.3579
C18 Dead -2957.3 | -4.637 14.61 -0.0154 | 7.39 -2.351
C18 Live -979.213 | -1.8335 | 5.2091 -0.0102 | 2.7967 -1.1072
C18 wind1 | -5.8739 | 3.9542 1.2625 0.0097 | 1.4593 4.6371
C18 wind 2 | -27.0468 | -1.4124 | 5.5997 0.0204 | 6.3024 -1.5708
C19 Dead -1325.24 | -24.6687 | -7.7914 |-0.0154 |-2.9428 |-11.494
C19 Live -394.787 | -8.6695 |-2.5842 |-0.0102 |-0.8672 | -4.2922
C19 wind1 | 10.2781 | 4.0316 0.5532 0.0097 | 0.8283 4.9737
C19 wind 2 | 21.4289 | 0.1891 3.9039 0.0204 | 6.0632 0.2213
C20 Dead -2897.44 | -12.8557 |-29.728 |-0.0154 |-12.895 |-6.1603
C20 Live -957.56 | -4.6952 |-9.8652 |-0.0102 |-4.1997 |-2.4914
C20 wind 1 | -4.8927 | 4.3526 0.5017 0.0097 |0.7021 5.1469
C20 wind 2 | 25.1606 | 0.3042 5.622 0.0204 | 6.9939 0.526
C21 Dead -3976.02 | 0.7855 -77.189 | -0.0154 |-34.341 | -0.0048
C21 Live -1336.88 | -0.0556 | -25.857 |-0.0102 |-11.462 | -0.3926
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C21 wind 1 | 2.1287 4.4351 0.3592 0.0097 | 0.4667 5.2184
C21 wind 2 | 32.7616 | 0.8635 6.1989 0.0204 | 7.4378 1.1804
C22 Dead -2890.25 | 31.4954 |15.2002 | -0.0154 |6.4843 13.9819
C22 Live -957.662 | 10.5639 | 4.8345 -0.0102 | 1.8107 4.6856
C22 wind 1 | 8.8656 -0.1894 | 4.6121 0.0097 |5.3173 -0.2167
C22 wind 2 | 40.2465 | -6.0926 1.5939 0.0204 | 1.927 -7.5388
C23 Dead -1340.02 | 7.3784 23.9053 | -0.0154 |10.3939 |3.27
C23 Live -399.452 | 2.7344 7.8036 -0.0102 | 3.1426 1.2382
C23 wind 1 | -13.5606 | 0.0694 4.1639 0.0097 | 5.1226 0.008
C23 wind 2 | 67.227 -3.6092 1.4882 0.0204 | 2.1695 -6.5193
C24 Dead -1713.29 |-6.1193 | -1.67 -0.0778 | 2.2099 -3.6245
C24 Live -431.857 | -3.0153 | 0.8009 -0.0518 | 1.8196 -2.6107
C24 wind 1 | 10.2966 | 11.4141 | 2.1742 0.0491 | 3.7804 19.8498
C24 wind 2 | 269.481 |-0.7364 |15.2279 |0.1034 |27.6153 |-0.8176
C25 Dead -2652.67 | 72.404 -11.966 | -0.0778 | -5.4344 | 28.3739
C25 Live -829.637 | 24.4022 | -4.7451 |-0.0518 |-3.0842 | 9.8688
C25 wind1 |-9.6952 | 0.8311 12.0593 | 0.0491 |20.5343 | 1.0273
C25 wind 2 | 69.7867 |-17.1655 | 5.1762 0.1034 |10.5084 | -31.839
C26 Dead -2805.23 | 72.3756 | 11.2352 | -0.077/8 | 3.4087 29.1775
C26 Live -885.932 | 24.5426 | 3.0585 -0.0518 | -0.147/8 | 10.3999
C26 wind 1 | 1.2924 1.3606 12.0955 | 0.0491 | 20.4412 | 2.1308
C26 wind 2 | 33.3373 | -16.5127 | 7.0601 0.1034 | 13.5804 | -31.883
C27 Dead -2575.50 | 88.044 -6.5999 | -0.0778 | -3.5792 | 35.8634
C27 Live -806.047 | 29.9612 |-2.9649 |-0.0518 |-2.5522 | 12.8684
C27 wind 1 | -2.4275 1.7175 11.8755 |0.0491 | 20.2079 | 2.9927
C27 wind 2 | 37.2321 | -17.1933 | 8.5122 0.1034 | 16.0684 | -32.224
C28 Dead -2672.53 |80.9865 |-10.960 |-0.0778 |-5.4271 | 33.7827
C28 Live -838.567 | 27.6803 | -4.4482 |-0.0518 |-3.2356 | 12.3607
C28 wind1 | -1.5246 | 2.2762 11.8516 | 0.0491 | 20.0005 | 3.9036
C28 wind 2 | 5.6005 -16.5926 | 9.5046 0.1034 |18.3417 | -31.931
C29 Dead -2109.83 | 20.6495 | 25.3706 | -0.0778 | 8.0001 11.931
C29 Live -598.171 | 7.894 7.7022 -0.0518 | 1.0875 5.5381
C29 wind 1 | -28.9884 | 2.8016 11.3361 | 0.0491 | 19.1686 | 5.6185
C29 wind 2 | -60.0761 |-15.414 |13.1809 |0.1034 |23.9778 |-30.814
C30 Dead -2291.9 | -30.6335 | 25.9745 | -0.0187 | 3.3941 -14.227
C30 Live -671.313 | -10.1637 | 7.987 -0.0125 | -0.7689 | -4.5801
C30 wind 1 | -24.8793 | 0.915 14.6315 | 0.0118 | 29.7994 | 0.9962
C30 wind 2 | -22.6771 | -5.178 15,9956 | 0.0249 | 36.6931 |-5.4716
C31 Dead -1523.09 | 8.8736 10.9067 | -0.0143 | 3.3622 4.6363
C31 Live -434.810 | 3.2174 3.3453 -0.0095 | 0.3821 1.7842
C31 wind 1 | -47.8628 | 0.8665 9.6461 0.009 16.6324 | 0.7877
C31 wind 2 | -3.7083 | -4.2647 | 8.486 0.019 17.6258 | -4.5191
C32 Dead -1002.58 |-18.719 | -3.057 -0.0143 | -0.0067 | -8.6211
C32 Live -250.413 | -6.23 -1.2514 | -0.0095 |-0.4731 | -2.7592
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C32 wind 1 | -48.0606 | 0.2616 8.1862 0.009 15.7283 | 0.505
C32 wind 2 | -218.007 | -3.775 7.5433 0.019 16.3385 | -4.2673
C33 Dead -1664.44 | -20.9908 | 8.8375 -0.0375 | 4.3205 -7.7939
C33 Live -466.945 | -6.9054 | 3.0853 -0.025 1.3548 -2.2163
C33 wind1 |29.1809 | 1.2255 5.6582 0.0237 |9.1893 1.7113
C33 wind 2 | -54.5542 |-9.1824 | 3.3724 0.0499 | 6.2826 -16.205
C34 Dead -3289.86 | 3.7075 -42.064 | -0.0499 | -17.577 |1.6209
C34 Live -1058.19 | 1.9261 -13.757 ] -0.0333 | -5.3446 | 2.0456
C34 wind 1 | -33.7932 | -15.1249 | 2.0725 0.0315 | 24211 -27.315
C34 wind 2 | 146.821 | -13.4779 |-11.412 |0.0664 |-15.122 | -28.094
C35 Dead -3130.0 | 6.0692 -45.667 | -0.0499 |-19.460 | 1.9382
C35 Live -1014.17 | 2.7267 -15.019 | -0.03833 | -6.0654 | 2.0371
C35 wind 1 | -10.9061 | -15.3775 | 1.5588 0.0315 | 1.8937 -27.827
C35 wind 2 | 185.500 |-12.1587 |-11.6 0.0664 |-15.301 |-24.433
C36 Dead -3081.28 | -9.7423 | -46.323 |-0.0499 |-19.961 |-12.713
C36 Live -990.38 | -4.1629 |-15380 |-0.0333 |-6.3636 |-5.7391
C36 wind 1 | 2.4319 -15.4464 | 1.0047 0.0315 |1.3722 -28.039
C36 wind 2 | 61.3426 |-10.4756 |-10.791 | 0.0664 |-14.952 |-20.929
C37 Dead -1705.84 | 15.9454 | 5.1636 -0.0187 | 1.6501 7.9096
C37 Live -534.119 | 5.5177 1.1324 -0.0125 | -0.7027 | 2.8193
C37 wind1 | 14.1081 | 0.3012 15.7574 ]0.0118 | 31.1373 | 0.4515
C37 wind 2 | 130.086 | -6.476 11.8417 |0.0249 | 24.0696 | -6.1897
C38 Dead -2261.33 | 24.2395 | 1.9747 -0.0187 | 1.3967 11.7951
C38 Live -709.429 | 8.1947 0.1483 -0.0125 | -0.6593 | 4.0487
C38 wind 1 | 1.8299 0.4063 159766 | 0.0118 | 31.5577 | 0.3889
C38 wind2 |-1.9249 |-5.6595 | 8.245 0.0249 | 18.7119 | -5.7944
C39 Dead -3382.41 | -6.343 -51.101 | -0.0499 | -22.409 |-2.1824
C39 Live -1090.96 |-1.5304 |-17.067 |-0.0333 |-7.2833 |0.4725
C39 wind 1 | 0.0805 -15.4225 | 0.7764 0.0315 | 1.0052 -28.377
C39 wind 2 | 39.961 -8.4195 | -10.593 | 0.0664 |-14.826 |-17.455
C40 Dead -3041.90 | 15.1074 |-36.241 |-0.0499 |-16.046 | 4.0108
C40 Live -956.410 | 5.7118 -12.209 | -0.0333 | -5.2808 | 2.5032
C40 wind 1 | -13.4284 | -15.9046 | 0.3588 0.0315 | 0.4592 -28.692
C40 wind2 | 30.3978 |-6.3568 |-10.349 |0.0664 |-14.621 |-13.179
C41 Dead -2239.77 | -39.8417 |5.1121 -0.0375 | 2.8317 -16.093
C41 Live -619.371 | -13.3531 | 1.7927 -0.025 0.8641 -5.1474
C41 wind1 |-10.275 | 0.4915 3.4987 0.0237 | 8.3723 0.9814
C41 wind 2 | -59.4772 | -9.8866 1.6453 0.0499 |4.4324 -16.466
C42 Dead -3749.40 | -5.3811 |-12.235 |-0.1921 |-3.9282 | -7.9403
C42 Live -912.813 | -1.2431 | -4.7182 |-0.128 -1.064 -1.6036
C42 wind 1 | 28.5855 |-31.9741 | 1.2538 0.1212 | 1.6404 -72.526
C42 wind 2 | -236.431 |-9.6348 |-21.936 |0.2555 |-50.431 |-26.478
C43 Dead -3817.17 | -13.318 13.9428 |-0.1921 | 11.0884 | 1.4259
C43 Live -938.142 | -5.1249 | 6.3708 -0.128 5.5415 -1.0286
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C43 wind 1 |-25.8481 | 30.7438 | 4.0985 0.1212 7.7031 69.1105
C43 wind 2 |-183.459 |-10.2998 | 18.4081 | 0.2555 41.6495 | -26.181
C44 Dead -2769.75 | 18.0242 | -10.985 -0.1043 | -4.0497 | 5.5896
Ca4 Live -758.563 | 6.3209 -3.858 -0.0695 |-1.8564 | 2.7502
C44 wind 1 |-23.4655 | 1.1925 9.5558 0.0658 17.004 2.1823
Ca4 wind 2 | 60.5613 | -35.8009 | 3.6339 0.1387 7.1041 -79.438
C45 Dead -2218.22 | -5.5164 4.4917 -0.1043 | 2.4699 -1.9043
C45 Live -576.696 | -2.2002 1.152 -0.0695 | 0.2715 -0.3703
C45 wind 1 | -9.1447 0.2138 11.1822 | 0.0658 17.6994 | -0.1512
C45 wind 2 |-271.319 |-37.2601 | 3.2145 0.1387 5.2841 -78.704
C46 Dead -1857.15 | -5.4792 -2.1393 -0.0778 |-1.6383 | -2.3217
C46 Live -527.307 | -2.2483 -1.4132 -0.0518 |-1.7803 |-0.8177
C46 wind 1 |-22.1464 | 0.1905 12.5055 | 0.0491 20.7309 | 0.0866
C46 wind 2 | 335.915 | -14.5809 | 4.4405 0.1034 8.3489 -30.364
sy b o=l Ll s (5 88 :(4.3)d s>
TABLE: Pier Forces
Load
Pier | Case P V2 V3 T M2 M3
kN kN kN kN-m kN-m kN-m
P1 | Dead -12869.6 | -482.33 200.148 | -431.71 | 680.6104 | 4795.04
P1 | Live -4010.99 | -227.583 | 99.286 -225.47 | 1097.248 | 1119.36
P1 |wind1l |107.367 |766.2323 | 154.684 |-345.42 | 2197.036 | 7634.64
P1 |wind2 |-56.5205 |-554.184 |287.131 |-698.39 |4543.947 |-7425.29
P2 | Dead -9732.32 | 8.6213 -0.9136 -55.814 | 788.5259 | 3465.34
P2 | Live -2574.68 | 36.6971 -5.4989 -18.883 | 83.8595 1748.86
P2 |wind1l |16.2914 | 181.2563 | 267.218 |-622.86 | 3423.106 | 1783.42
P2 |wind2 |-448.407 |-1129.26 | 266.471 |-504.36 | 4243.38 -14206.5
P3 | Dead -1554.23 | 72.7933 41.7812 | -15.508 | 21.2431 139.594
P3 | Live -403.09 36.8083 14.4969 | -5.4493 | 7.5932 83.2534
P3 |wind1l |-3.8634 49.3256 -4.1756 0.0134 -5.6692 175.392
P3 |wind2 |-134.779 | 93.3452 5.2165 -1.5154 | 6.5309 321.047
P4 | Dead -2436 13.8297 95.4846 | 21.9223 | 48.7623 177.901
P4 | Live -681.167 | 16.2374 32.8037 | 7.3329 17.1974 94.2891
P4 |wind1l |38.5564 | 48.2832 -5.5288 -0.5887 | -6.8727 171.495
P4 |wind2 |36.4465 |97.6769 3.2486 -0.4399 | 4.4518 341.905
P5 | Dead -4629.88 | -38.3042 | 35.6162 | -4.1692 | 21.1126 302.757
P5 | Live -1331.16 | 3.0944 13.9062 | -1.3401 | 9.7984 147.384
P5 |wind1l |25.6045 |62.5575 -19.5759 | -1.798 -29.1269 | 235.130
P5 |wind2 |54.0697 |205.6303 | 8.261 0.8104 11.5677 776.583
P6 | Dead -4176.20 | -30.4718 | -39.1892 |-30.642 |-17.3559 |214.614
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P6 | Live -1131.47 | 1.0543 -11.4405 | -10.219 | -3.4615 100.307
P6 |windl |41.688 42.8049 -19.4734 | -0.5938 | -30.2227 | 162.448
P6 |wind2 |158.935 |238.9564 | 3.4303 1.6834 | 4.2611 924.293
P7 | Dead -4508.25 | 136.4395 | -30.257 |-12.483 |-17.3425 | 65.3389
P7 | Live -1314.62 | 55.4683 -11.6599 | -4.1044 | -8.2569 69.3046
P7 |wind1 |4.6347 49.0191 20.2323 | -2.1169 | 30.4867 168.312
P7 |wind2 |134.711 |-276.451 |20.9057 |-2.5841 | 33.5253 -1140.13
P8 | Dead -5260.56 | -37.6717 |-68.1041 | -29.192 | -34.0896 | 119.084
P8 | Live -1478.65 | -14.3743 | -23.6097 | -9.8955 |-12.1992 | 65.9549
P8 |wind1l |-76.1558 |-0.7171 15.6227 | -0.4512 | 16.0605 -16.9888
P8 |wind2 |17.9011 |-367.649 |4.6736 -1.2771 | 5.2317 -2342.61
P9 | Dead -6180.31 | 140.2521 | -104.235 | 113.065 |-51.8411 | 207.538
P9 | Live -1640.86 | 71.0439 -34.2341 | 37.8576 | -16.4008 | 141.522
P9 |wind1 |103.596 | 92.0927 -21.7348 | -4.6422 | -23.9348 | 866.635
P9 |wind2 |-91.7582 | 6355778 |2.618 7.1354 | 2.844 7018.32
P10 | Dead -19107.4 | -53.7204 | 292.83 -446.30 | -2519.98 | 4750.21
P10 | Live -4406.44 | -46.9664 | 157.287 | -233.44 | -724.940 | 885.346
P10 |wind1 |177.422 |551.3885 | 183.117 |-182.12 | 1429.777 | 19492.7
P10 | wind 2 | 807.97 100.4494 | 2609.34 | -689.29 | 34317.5 -711.328
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(ETABS) gl 2 aliiiady ALEN) apasall) 1.4
(BS:8110-1:1997) s sl 3 U alasiuly (ETABS) gy A s sl o3

Jiall s 4 Sl sdae S Taans Y1 4 lleal (Y dni aansill (C3) ik 3 ganll sl

aasail) il 1.1.4

(GR)J! G (5 sasn 3 (CB) (5 okl 2 pmnll il

ETABS 2013 Concrete Frame Design

BS 8110-97 Column Section Design(Envelope)

Column Element Details

Section Length
Level Element LLRF
ID (mm)

GR C3 C2 1500 0.415
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Section Properties

Cover (Torsion)
b (mm) h (mm) dc (mm)

(mm)
500 500 60 30
Material Properties
Lt.Wt Factor
Ec. (MPa) f., (MPa) _ fy (MPa) fy, (MPa)
(Unitless)
24855.58 27.58 1 413.69 413.69

Design Code Parameters

Lt.Wt Factor
(Unitless)
24855.58 27.58 1

Ec. (MPa) f., (MPa)

Longitudinal Reinforcement Design for N - M, - M3 Interaction

Rebar
Column Rebar
Area
End %
mm?2
Top 6977 2.79

Bottom 6808 2.72

Design Axial Force & Biaxial Moment for N - M, - M3 Interaction
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Design Station

Column N Design M, Design M3 L Controlling
oc
End kN-m kN-m Combo
KN mm
Top 4845.838 -82.2737 -96.9168 1500 Combl
4858.208
Bottom . 40.6789  97.1642 0 Combl

Shear Reinforcement for Major Shear, V,

Design  Station

Column Rebar Agys Loc Controlling
End mm?2/m Combo
kN mm
Top 555.97 19.4006 1500 Comb3
Bottom 555.97  19.4006 0 Comb3

Shear Reinforcement for Minor Shear, V3

Design  Station

Column  Rebar Asys Controlling
\Y Loc
End mm?3/m Combo
kN mm
Top 555.97 45.1804 1500 Comb3
Bottom 555.97 45.1804 0 Comb3

L Aaliy) Jaaldil) Jae 5 30ee V) A8 apanail) sl o) jacin) a3 Jiadl
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Baas U AiLaiy) cMuaidll) 2.4

“aac U A5LEY) i adl) (1.4):d s>

COLUMN COLUMN COLUMN
C3 C12 C36

8T22 8T22

SHORT I & l A 2R
COLUMN 0"10 A e 0"10 §>ﬂm odo f 20725

-
|

L 050 | L 060 = - J
AT GROUND l m l A
FLOOR O.Ilo @ 4725 0,[10 « 8722 080 18725
AT FIRST . A
o.lo Z\ 16720 o.lo ] 4120 odo 18722
FLOOR % [ b

AT SECOND l = l S
FLOOR 0.'10 ‘5 ‘ | 14T18 0.'10 >T18 0.80 : — :

g—0.50 —=f f—0.60 —=f

F—0.40 —={
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AT THIRD

8T16

L 0.40 _=I

0.10 12T16 0.10 4T18 12T16
FLOOR | ’ ,| .
k—0.50 —=] t—0.60 —= |
k—0.40 _»I
AT FOURTH ] TE/\
FLOOR ] | L !
k050 —=| k060 —=| —
k—0.40 _»I
AT FIFTH
0. 10 2T16 010_ 4T18 12716
FLOOR ? e > ]I E |
k—0.50 —=| .60 —=] —ml
AT SIXTH ] l
FLOOR ,I | \
—~0.50 —= t—20.60 —=] —— |
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A
AT SEVENTH I TRk LR L
FLOOR | s || :
L R i A '
AT ROOF 0s0 | 2T16 oso |[F 1 4718 0.80 7::: 12116
il écte | .
F—0.50 —= f—0.60 —= -_0404
STIRRUPS| R8 @ 150 mmC/C | R8 @ 150 mmC/C | R8 @ 100 mmC/C
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e Unfactored column loads:

Ge sl g.'l.ﬁ.‘.t\l\ ﬁ.maﬂ\ 3.4

DS s Ade Gadl gl Jla) oY ds ade Jaadll G5 Al aseadl (C36) 2peal) sl

Lo

L

: (C36) 25eadl Jlaai 1(2.4):d 52

Dead Live Wind 1 Wind 2
Vertical load ,P
3081.28 990.38 -2.43 -61.34
(kN)
Horizontal
46.32 15.38 -1.005 10.79
Shear, Hy (KN)
Horizontal
9.74 4.16 15.45 10.48
Shear ,H, (KN)
Moment ,M,
12.71 5.74 28.04 20.93
(KN.m)
Moment ,M,
19.96 6.36 -1.37 14.95
(KN.m)

Column section :

h=0.8m
B=04m
Pile section:

Dp=0.45m

Pile depth =15 m
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e Average SPT (N) and thickness of layers :

Stratum 1

Stratum 2

Stratum 3

Stratum 4

71|

14 —

N=16.3 15—

20 7

50

50

17

16 —

N=20.5 37 ]

12

Z
1

50 507

50

Depth=4.5m

Depth=1.5m

Depth=7.5m

Depth=15m

(4)3aLa

il ikl SPTUN )5 e (1.4) JSall



e Capacity of pile:
1. Vertical capacity of pile:
PU = PpU + Z Psi —W (SS Ray)

» End- bearing resistance of pile :

Pou= Ap (38N) [] < 380N A, (S.S. Ray)

_ mDp? _ mx0.21
4

Ap =0.159 m?

N =50
Ppy=0.159 * 38 * 50 * % = 10070 KN
Pru < 380N Ap

10070 < 380 * 50 * 0.159 = 3021 KN

Ppu = 3021 KN

» Skin friction resistance of pile:
Y Pi=X AsFs (S.S. Ray)
Stratum 1:

As; = perimeter * depth of stratum
Fs=N

Ps1= As1 * Fs1

A =m*045*45=636m"
Fsy = 16.3 KN/m?

Ps; = 6.36*%16.3 = 103.67 KN
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Stratum 2:
A, =m*045*1.5=2.12m?
Fs, = 50 KN/m?

Ps, =2.12*50 = 106 KN

Stratum 3:
A =1 *0.45*75=10.6 m
Fss = 20.5 KN/m?

Pss =10.6* 20.5 =217.3 KN

Stratum 4:
Agy=n*045*15=2.12m°
Fs, = 50 KN/m?

PS4 =2.12*50 =106 KN

Y, Psi=103.67 + 106 +217.3 +106 = 533 KN

» Weight of pile :
W=Y*A*h=24%*0.159 * 15 =57.24 KN
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Py =3021 + 533 —57.24 = 3496.8 KN

Allowable working load on pile :

_ Pu _ 34968

vVETo = =1398.7 KN

F.s 25

2. Horizontal Capacity of pile :
Spring stiffness = S B Kg
S=05m

B=0.45m

Es*B
EtxIt

1/2 Es
|| P
E,=28*10° KN/m?
u=0.35

l,=— (0.45)*=2.01 * 10° m*
64

KsB=13*]

]

ESi =650 Ni

Stratum 1:

Es; = 650 * 16.3 = 10595 KN/m?

Ks; B = 10465.6 KN/m?
Ks; = 23257 KN/m®

Spring stiffness = 0.5*0.45*23257 = 5232.8 KN/m

Stratum 2:

Es, = 650 * 50 = 32500 KN/m?
Ks, B = 35246.1 KN/m?

Ks, = 78324.7 KN/m’
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Spring stiffness = 0.5 * 0.45 * 78324.7 = 17623.1 KN/m

Stratum 3:

Egs = 650 * 27.3 = 13325 KN/m?
Kss B = 13246.1 KN/m?

Ks; =29813.6 KN/m®

Spring stiffness = 0.5 * 0.45 * 29813.6 = 6708.1 KN/m

Stratum 4:

Ess = 650 * 50 = 32500 KN/m?
Ks, B = 35246.1 KN/m?

Ks, = 78324.7 KN/m’

Spring stiffness = 0.5 * 0.45 * 78324.7 = 17623.1 KN/m

Using a computer program, applying a unit load at top of pile, and

assuming a full fixity of pile with pile cap Gives:
Maximum moment = 1.35 KN.m/ KN

Pile top deflection = 0.07 mm / KN

Single pile horizontal stiffness = % =14285.7 KN

Assume maximum allowable horizontal displacement of pile cap is 5 mm.
Maximum horizontal load to limit deflection to 5 mm :

Ch = K * deflection = 14285.7 * 0.005 =71.4 KN
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e NO. Of. Piles:
» Minimum number of piles to resist the vertical load (R;,) :

Maximum vertical load on pile cap
P =3081.28 + 990.38 = 4071.66 KN
Riv=— (S.S. Ray)

Riv — 4071.66 =209

1398.7

» Minimum number of piles to resist the horizontal load (Riy) :

Maximum horizontal load on pile cap

H=46.32 + 15.38 — 1+ 10.79 = 72.5 KN

Rui= = =27-102 (S.S. Ray)

CH 714

No. Of. Piles = 1.1 * R;,
=11*29=3.19

Use 4 No. Of. 450 mm diameter pile.

e Size of piles cap:-
Diameter of pile (B) =0.45m

1.5*B=0.675m

Allow 0.7 m from center of pile to edge of pile cap , and assume 0.7 m

depth of pile cap.
Spacing of piles > 3B =3 *0.45=1.34

Assumed =1.5m
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Size of pile cap =2.85*2.85 * 0.7

1.5 0.675
? ah an
0.45 f A
t N N
2.85 0.8
() [N
S D
04 L
2.85

(pile cap) s sl slae sail @ (2.4) Jsil)
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e Load Compotations:
Lc;=1 DL+1L.L

Lc,=1 D.L+1W.L
Lc;=1 DL+1LL+1W.L
Lc,=1 LL+1W.L
Lcs=1.4 D.L+16L.L
Leg=12(D.L+LL+W.L)

Lc;=14 DL+14W.L

e Loadson pilecap:

Weight on pile cap :

W = weight of pile cap + weight of back fill on pile cap + weight of

surcharge on back fill .

W = (2.85*2.85*0.7) + (20 * 2.85 * 20 * 0.8 ) + 4 = 298.9 KN
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:(pile cap) GsJal slae e Jlaal¥)(3.4) Jsaa

*

*

Load com. N My My Hyx Hy ex | e | enx | ey | h P My | My Myx Myy
Lcy 4071.7 18.45 | 26.32 | 61.7 13.9 00| 0 0 | 0.7 4370.6 0 0 28.18 | 69.51
Lcs 4069.2 46.49 | 24.95 | 60.7 2935 (00| 0| O |07 4368.13 0 0 | 67.04 | 67.44
Lcs 4010.3 39.38 | 41.27 | 725 24.38 0,0, 0 0 | 0.7 4309.22 0 0 56.45 | 92.02
Lcs 987.95 33.78 499 | 14.38 19.61 0,0, 0 0 | 0.7 1286.85 0 0 4751 | 15.06
Lc, 929.04 26.78 | 21.31 | 26.17 14.64 00| 0 0 | 0.7 1227.94 0 0 37.01 | 39.63
Lcs 5898.4 26.98 | 38.12 | 89.46 20.29 0,0, 0 0 | 0.7 6197.3 0 0 41.18 | 81.96
Lcs 4883.1 55.8 29.94 | 72.84 35.22 0,0, 0 0 | 0.7 5182 0 0 80.5 80.5
Lcs 4812.4 47.3 37.5 87 29.26 00| 0 0 | 0.7 5111.3 0 0 67.8 98.9
Lcy 4317.2 57.1 26 63.45 35.3 00| 0 0 | 0.7 4616.1 0 0 81.81 | 70.42
Lcy 4227.9 47.1 48.9 80 28.3 00| 0 0 | 0.7 4526.8 0 0 66.91 | 184.9

P=W+N

My = My + Ney + H/H + M,

Myy = M, + Ne, + HyH + M,
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(pile) Gsoal e Jwa¥) Jsas 1(4.4) dsis

Load com. Qmmax Qmin H M, 0
Lc, 1060.1 1125.2 15.8 21.33 1.11
Lcs 1047.2 1136.9 16.9 22.82 1.18
Lcs 1048.8 1105.8 19.1 25.8 1.34
Lc, 300.9 342.6 6.1 8.24 0.43
Lcy 281.4 332.5 7.5 10.12 0.53
Lcs 1508.3 1590.4 22.9 30.92 1.6
Lceg 1241.8 1349.2 20.2 27.3 1.41
Lceg 1222.3 1333.4 22.9 30.92 1.6
Lcy 1103.3 1204.8 18.7 24.6 1.27
Lc, 1047.8 1215.6 21.2 28.62 1.48
_P y x X

Qmax—E'l'Mxx*E'l'Myy*E M
_» y (1

Qmin —E' MXX*E- @ S

=Y y* =0.75**4=2.25m’

H = VHx2+Hy?

R
MP=135H r/—— \
ol
0=0.07H
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Allowable service load on pile without wind = 1427.5 KN
Allowable service load on pile with wind = 1427.5 * 1.25 = 1784.4 KN

e Bending moment and shear force on pile cap :

; W _ 2989
Dead load on pile cap / m* = = =
A 28572

=36.8 KN/m?

Load factors for load cases :
1.4 *36.5=51.52 KN/m?
1.2*36.5 = 44.16 KN/m?
M’;; = B.M due to D.L on section 1.1
=(2.85*51.52 *1.225") /2 =110.2 KN.m
Or My; = (2.85*44.16 * 1.225%) /2 =94.4 KN.m
M’ = (2.85*51.52* 1.025°) /2 =77.13 KN.m

Or M’y = (2.85*44.16 * 1.025°) /2 =66.11 KN.m
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G Al elae aslini¥) o g el o jall adaiall (4.4) JSA
3
! 4 _ _
T (0 1
NS g
0 (0
~._ /
3
=-0.81 -~

G Al sllae (8 el (5 il & jall whaiall (5.4) JSal
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DGl elae & el 5 B 5 el o e 1(5.4) s

Load Q1 Q2 Qs M’ M’2, M"11 M"2, M1y Mz | Vias Voas | V"33 | V"sa | Va3 | Vau
com.

Lcs | 1535.7 | 1590.4 | 1562.9 | -110.2 | -77.13 | 3232 3209 | 3122 | 3122 | -118.9 | -118.9 | 3153 | 3126 | 3034 | 3007
Lcg | 12955 | 1349.2 | 12955 | -944 | -66.11 | 3240 2711 | 3145 | 2645 | -101.9 | -101.9 | 2645 | 2645 | 2543 | 2543
Lcg | 1267.5 | 13334 | 1288.2 | -944 | -66.11 | 3212 2666 | 3117 | 2600 | -101.9 | -101.9 | 2622 | 2601 | 2520 | 2499
Lc; | 1157.8 | 1204.8 | 1150.2 | -110.2 | -77.13 | 2885 2422 2775 | 2345 | -118.9 | -118.9 | 2355 | 2363 | 2236 | 2244
Lcy | 10924 | 1215.6 | 1171.1 | -110.2 | -77.13 | 2924 2366 281 2234 | -118.9 | -118.9 | 2387 | 2308 | 2268 | 2189

A Q=3 T P Q=3 T Py

M";; =(Q2+Qz) *1.225

V'"33= Q2+ Q3

V’3z= 2.85* 0.81*W

bl
M’y =

My =M’;;+ M"3
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_ 2.85*w*0.81%

M"2% = ( Q1+ Qz) *1.025

V"3 =Q1+Q

V4= 2.85*0.81*W

s
MZZ_

2

_ 2.85*wx*0.817

Mo, =M’ + M"p,




¢ Design for bending reinforcement in pile cap :

1. Reinforcement in (X —X) :

Assume 90 mm cover for pile cap, and 20 mm diameter bars.

F., = 30 N/mm?

F, =460 N/mm?’

d=h—C—§=700—9oiz°:600mm

My, = 3145.4 KN/m?

_ M
Fcu bd?

_ 3145.4%10°
30%2850%6002

Z_ k
~=05+ Jo.25 - "/ 9

=0.102

Z=0.87
d

Z =0.87 * 600 = 522 mm

M
Ag =
095Fy Z

_ 3145.4%10°

ST 0.95%460%522

_ mD? _ mx20?

Ap=— - = 314 mm?

= 13788.7 mm?

(Clause 3.4.4.4: BS 8110-1:1997)

(Clause 3.4.4.4: BS 8110-1:1997)

5=, p=31 x9850=64.9mm

As ~ 13788.7
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Maximum spacing = 3d or 750 mm
Simax = 750 mm
Use T20 @ 60 mm c/cin (X —X)

As provided = 14915 mm®

2. Reinforcementin (y-vy):

d:h—C—g—z :700—90%20:580 mm

_ M
Fcu bd?

_ 3127.17%10°

=— =(0.109
30%2850%5802

Z _ k _
~=05+ \/0.25 — %/5.9=0.86

Z =0.86 * 580 = 498.8 mm

M22 3127.17%10°
As = = e =14346.4 mm?
095Fy Z 0.95%460%498.8
nD? _ mx20? 2
Ab = - - =314 mm
A 314
=L yp= * 2850 = 62.4 mm
As 14346.4

Use T20at 60 mmc/cin (y—-y)

As provided = 14915 mm?
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e Check for shear :

1. Check for shear in (x-x) :

V33 =3034.4 KN

v=— (Equation 3 : BS 8110-1:1997)
_3034.4x103 _ 2
V= 850600 1.8 N/mm
a, = g ; % ~0.81
a,=2222_ 29 g1 =415mm
2 2

1.5d,=1.5*600=900 mm
a, < 1.5d,

enhancement of shear stress is allowed.

Ve*[2] (Clause 3.4.5.8: BS 8110-1:1997)
_0.79 |1004s 400 Fcu . .

Vo= 22 [ | e |52 | 5| s (Table 3.8 : BS 8110-1:1997)

ym=1.25

As= 14915 mm?
b,=2850 mm
d=600 mm

Feu =30 mpa

_ 079 [100*14915] 1/ [400
= o | —
1.25 | 2850%600 600

] 1, [2 15 = 0.79 N/mm>

c
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% 0.79%2 %600
415

V. = 2.28 N/mm?

05v,<v<vy,+04 (Table 3.7 : BS 8110-1:1997)

1.14<1.8<2.62

0.4 bv Sv
As, >
V= 0.95 FYvVv

(Table 3.7 : BS 8110-1:1997))

Fyv = 280 N/mm®

g=12 mm

Asv 0.4%x2850
Asv = =43

Sv 0.95%280

As, =113 mm

S, = 2=263

4.3

Use R12 at 20 mm c/c

2. Check for shear (y—vy):

V44 =3007.2 KN

_3007.2x10°

= = 1.82 N/mm?
3850x580

avzﬁ-szﬂ—o.slzzm mm

2

1.5d,=1.5*580=2870 mm
A,<154d,

enhancement of shear stress is allowed.
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VC*[%]

Ve =220 |20 4 22 54 | 28] 3 = 0.59 N/mm?

" 1.25 | 2850%580 580 25
2d 0.59 * 2 * 580
Ve *[ 2= =313 Nimm?
av 215

05ve<v<v.+04

0.4 bv 6v
As, >
V' = 0.95 FYvV

Asv 0.4%x2850
A% - =43

Sv 0.95%280

Use R12 at 20 mm c/c

3. Check of punching shear in pile cap :

1.71
(o . {
N | S A
171
a8 /
A AN

(punching shear) 8l (il Jasa (6.4) JS&)
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U, = perimeters of column =2 (800 + 400 ) = 2400 mm

U, = perimeters on punching shear critical plane for pile load
U, =2*1710 = 3420 mm

Nmax = 6197.3 KN

Feu=30

Qmax = 1590.4 KN

H N
Column punching shear stress = 11

6197.3%x10°

= 2200+ 2207580 =437 < 0.8VFcu (Clause 3.7.7.2: BS 8110-1:1997)

2

4.37<0.8v30 =4.38

Qmax _ 1590%103
mxDxd  1m*450%600

Punching shear stress at perimeter of pile =

=1.87<0.8VFcu=4.38

Pile Punching shear stress = Ql;;l‘;x

1590%10°
600+580 , — 078

" 34204[ 8001580,

Vc=0.79 N/mm’
V <Vc
No need for punching shear reinforcement.

e Minimum tension reinforcement in pile cap:
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Minimum reinforcementin (X —x ) :

As min = 0.0013 * 2850 * 700 = 2593.5 mm?
As min < As = 14915 mm’

Minimum reinforcementin (y-vy):

As min =2593.5 mm? < As

e Minimum anchorage at ends of bars:
12 * diaor 12 * 20 = 240 mm

Provide a minimum 250 mm bent up length of pile bottom reinforcement.

e Area of reinforcement in pile:

Unsupported length of pile is assumed negligible.
The pile treated as a short column.

Qmax = 15904 —— M =30.92 KN.m
Qmn=2814 — M =10.12 KN.m
Viax = 22.9 KN

assume minimum cover = 80 mm

emin = N/20 = 450/20 = 22.5 or 20 mm

€min = 20 mm

N emin = 1590.4 * 20 = 31808 KN.m > M = 30.92
No need to designed for moment.

N =04 Fg A+ 0.8 Ay Fy (Equation 38 : BS 8110-1:1997)
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T%0.452
4

1590.4*103=04*30*

+0.8 *460 A,

A = 4321.7 mm?

Minimum reinforcement in pile:

100 Asc _
As

0.4

0.4+ %4502

Asc min = = 366.2 mm?2

100

Asc> ASC min
Use Asc = 4321.7 mm?

Use8No T 28

e Shear capacity check of pile :

M _ 30.92x10°
Qmax  1590.4x10°

=19.4 mm

0.6 h=0.6 *450 =270 mm

M

Qmax

<0.6h

174
VvV =
0.75 Ac

22.9%103

4502
0.75*[11' 4450 ]

=0.19 N/mm

0.19 < 0.8 VFcu = 4.38 N/mm?

No shear reinforcement is required .
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e Linkson pile:

. . b di t 28
Dlaofllnks=w=:=7 mm

Maximum spacing of links:
=12 * smaller bar diameter
=12 * 28 =336 mm

Use g 8 mm dia links at 300 mm c/c

e Connection of pile cap :

= diameter * 16
=28 *16 =448 mm

The bar from the pile will project 500 mm into pile cap.
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0.7 T12@20mm c/c

l A EXEELILEEXIEZIEIIII N IEEEIEEL D

o——1——

(section X-x) X sladl & (35 )a) elarl b Gaill molud 308 (8.4) JSE)
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T T12@20mm c/c

0.7

(section y-y) Y sladl (& (55 5all slaal (adll mulud aas (9.4) JSA)
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8T28

0.45

STIRRUPS R8 @150 mm C/C

Gl b maa (10.4) JS&
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BS 6399 : Part 1 :1996

Table 1. Minimum imposed floor loads
Type of Examples of speeifie nse Uniformity Coneentrated load
activity/ocenpancy for distributed load kN
part of the building or kNfm?
structure
A Domestic and residential | All i=ages within self-coniained dwelling uniis L5 14
activitles Communal areas (Including kKichens) in blocks of
[Also see category C) flate with imited use (See note 1) (For communal
areas In other blocks of flats, see C3 and below)
Bedrooms and dormitores except those In hotels | 15 L8
and motels
Bedrooms in hotels and motels an 18
Hospital wards
Tollet areas
Billand rooms 20 T
Communal kitchens except in flats covered by a0 45
naote 1
Balconies Bingle dwelllng | L5 4
unifs and
commmal aress
In blocks of fats
with lmited use
(Bee note 1)
(Guest houses, Same a8 rooms to which | 15/m mn concentrated
residential clubs | they give access but gt the outer edge
and communal with 2 minimom of 3.0
areas In blocks of
flais except a5
eovered by note 1
Hotels and motels | Same 85 moms to which | 15/m mn concentrated
they give access but gt the outer edge
with a minimum of 40
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BS 6399 : Part 3 :1988

4.2 Minimum imposed load on roof with access

Where access is provided to a roof allowance should
be made for an imposed load equal to or greater than
that which produces the worst load effect from one
of the following:

a) the uniformly distributed snow load; or
b} the redistributed snow load; or
¢) a uniformly distributed load of 1.5 kN/m?

measured on plan; or

d) a concentrated load of 1.8 EN.

Where the roof is to have access for specific usages
the imposed loads for c¢) and d) above should be
replaced by the appropriate imposed floor load as
recommended in 5.1 of BS 6399-1:1996, including
any reduction as appropriate as recommended in 6.3
of BS 6399-1:1996.
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Table 1. Minimum imposed floor loads (condinwed)
Type of Examples of specific nse Uniformity Coneenirated load
activity/oeeupaney for distributed load EN
part of the building or kNm?
structnre
C Areas where people may | Public, nstitntional and communal dining rooms | 20 a7
Congregate and loumpges, cafes and restaurants (See noke 2)
(1 Areas with tables Reading rooms with no book storage 25 46
Classromms an 27
(2 Aress with fixed seals | Assembly areas with flued seating 4.0 36
(See note 3)
Flaces of worship an T
(3 Areas without obstacles | Comidors, hallways, aisles, Corridors, an 15
for moving people stairs, Landings ete. in hallways,
Institutional type bulldings (not | alsles ete.
subject to crowds or wheeled | (foot traffic only)
vehicles), hostels, guest
houses, residential ciubs,and | B ;f“j Al w
commumnal aress in blocks of (Foot traffic ony)
flaiz not covered by note 1.
{For communal aress in blocks
of flats coversd by note 1,
see &)
Comidors, hallways, alsles, Cornidors, 40 15
stairs, landings, et in all other | hallways,
bulldings including hotels and | alsles, et
motels and institutional {foot traffic only)
batldings Cormidors, 50 15
hallways,
alsles, efe
subiject fiv
whieeled vehicles,
trolleys ate.
Btalrs and 40 40
landings
{foot traffic only)
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LOG OF BORING
ARAB CENTER FOR LABORATORIES AND SOIL RESEARCH

PROJECT: PROPOBED BUILDING (MUSHEIRES PROJECT)
CLENT : WS. CONSOLIDATED CONTRACTORS GROUP. | SOrNG NO: BiH-1 | Maport Mo
LOCATION: BAHRI - KHARTUM NORTH. R . SHO-00840
) | GROUND ELEV (m): 381.5
DRILLINGDATE: 12082010 TO 22052010 TOTAL BORING DEPTH fm)-35.0 1 w:
BORMNG METHOD: Rotary with mud | BORING DIAMETER: 100mm
BORING EQURPNENT: ZEERG00 IMMEk
[ | I A e t: Description o |

R SN, brown, Mﬂmng.mpun.
™ w [
120 1B k : .iaewmwryllgmm

. -

.
s 2 (-]

/ [« Becsming low plasfic
40 [« )
50 ¥ TVery dense , dark Brown, very sity SAND,

.50 . [monplsstic.
i 50 ;". * Hard, Erown, aightly sandy SILT. low

. *lptansc,

|C -
7.0 e _ »

* , ¥|Becoming very stit.

17 I‘ - ” E
| 30 Fx ¥
100 ‘ 1 Pres :
=AY, 1 B-SFT : Sim Peostrabion Test R wwtul] Aok Cong
BESEs HBESem=TTTY L
) - Urctwsrter: Barroie m Agar

REMARKE -




LOG OF BORING

ARAB CENTER FOR LABORATORIES AND SOIL RESEARCH

PROJECT: PROPOSED BUILDING (MUSHEIREB PROJECT)

CLIENT : M/S. CONSOLIDATED CONTRACTORS GROUP, | COTUNGNO.: B4 Report No.:
LOCATION: BAHRI - KHARTUM NORTH, i ook BB SHe-00040
— | GROUND ELEV. (m): 381.5
COORDINATES: &= 1726567 E 4w | GROUND WATER DEPT () 8.00
DRILLINGDATE: 121062010 TO 2200812010 | TOTAL BORING DEPTH (m):35.9 w
BORING METHOO: Rotary with mad | BORING DIAMETER: 100
BORING EQUIPNENT: ZEEFS00 | CASING DIMAMETER:
t 9 UCs | DD,
F m T R T "‘"1 Description gient) | (gmend)
LB
} b 3 .
L
[ (18 - .
* | Very =5ff, brown, slighlty sandy SILT, kow
. « " ol plastic
! - Ll
120 57 b : .
.
130 b "
12 [ TMudium cense, greyish beck 1o dark grey,
- an o "y RAND, o et
180 g | | Becoming very derne.
100 " .
1m0 0 |
180 i
108 0 | 'i
le l
Lonn. | Rl
L8, B3PT_ 1 Sl Penetention Test P 2o At Tt [ ] et oy
BESe BES—-Z=TE T
- [T v— m Auge
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