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concrete slabs and basement walls serving
as a mat foyndation,
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Detailed description of the type of soil layers @matered during drilling(1-4) Jd s

Top depth Bottom

Borehole from depth from | Thickness Description
Color
Number ground ground (m)
level (M) level (M)
Sandy Clay
0.0 2.60 2.60 Brown with some
Gravel
Dark Silt with some
BH1 2.60 18.30 15.70 Brown Sand
Very .
18.30 20.00 1.70 pale | Medum Hard
Orange
Sandy Clay
0.0 2.60 2.60 Brown with some
Grave
Dark Silt with some
BH2 2.60 18.30 15.70 Brown Sand
Very | Medium Hard
18.30 20.00 1.70 Pale
Rock
Orange
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The following table calculate show: the :(2-4) Jsx>

safe bearing capacity values of the foundatiorifigreint levels

Borehole Top depth from ground Allowable Bearing Capacity kg/cm?
Number level Isolated footing |  Strip footing
0.0 1.38 1.03
BH1 2.60to0 18.30 2.11 1.6
18.30 To End of Borehole
(EOB) 4.20 3.50
0.0 1.38 1.03
BH?2 2.60t018.30 2.11 1.6
18.30 To End of Borehole
(EOB) 4.20 3.50
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Introduction.

Design method and requirements.
Factored Loads.

Determination of Slab Thickness.
Loads Calculations.

Design the Raft Foundation.

Design the Pile Foundation.
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5-1 Introduction:

Concrete is the only major building material tban be delivered to the job site in a
plastic state. This unique quality makes concredsirdble as a building material
because it can be molded to virtually any formhapse.

Concrete used in most construction work is retégd with steel. When concrete
structure members must resist extreme tensilessisesteel supplies the necessary
strength. Steel is embedded in the concrete irfidim of a mesh, or roughened or
twisted bars. A bond forms between the steel aedctincrete, and stresses can be
transferred between both components.

The project consists of several structural eldsbnt in this project we will design
the Raft Foundation) Determine the thickness ot Riadl reinforced it) by using ACI
Code and software designSafe v. 12.0and determine the consolidation settlement
of raft foundation.

5-2 Design method and requirements:

The design strength provided by a member is tatled in accordance with the
requirements and assumptions of ACI Code (318 - 08)

Strength design method:

In ultimate strength design method, the serli@els are increased by factors to
obtain the load at which failure is consideredealcurring.
This load called factored load or factored senlwad. The structure or structural
element is then proportioned such that the streisgteached when factored load is
acting. The computation of this strength takes atoount the nonlinear stress-strain
behavior of concrete.
The strength design method is expressed by thewiit,

Strength Provided> Strength Required To Carry Factored Loads

60



Structural Analysis & Design Cumal A} Juadll

5-3 Factored Loads:

The factored loads for members in our projectdetermined by:

Wu=12DL+16LL ACIl Code318-08(9.2.1).
NOTE:

f. =30 Mpa.

fy =420 Mpa

Will be used in the design and calculations.

5-4 Determination of Slab Thickness:

5-4-1 Determination of Slab Thickness for One Way iR Slab.

The structure may be exposed to different loads sis dead and live loads. The
value of the load depends on the structure typetandhtended use.

According to ACI Table 9.5(a), the minimum thickeed Non-prestressed

beams or one way slabs unless deflections are dechps follow:

Table (5-1): Minimum thickness of Non-prestressedrhs or one way slabs unless deflections

TABLE 9.5(a) — MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

finimum thickness, h

Simply One end Both ends
supported continuous continuous | Gantilever

Members not supporting or attached to partitions or other
Membear construction likely to be damaged by large deflections

Solid one-

way slabs 20 w24 28 £10
Beams or
ribbed one- MG 8.5 21 o8
way slabs

Molas:

Walues given shall be used directly for members with nermabhwei concrets
an::c:ﬁmde 420 reinfarcerment, For ather conditions, the values shall be modified
as lollows:

a) For lightweight gurbcrere having egquilibrivum density, we, in the range of
1440 o 1840 kam=, the values shall be mulliplied by {1-55 = 0.0003w,.) but
nol less than 1.09.
o) For f,. other than 420 MPa, the valuses shall be multiphed by (0.4 + fj,nm;.
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Thicknesses of one way rib slabs are tabulateleridllowing table:

Table (5-2): Thicknesses of one way rib slabs

Thickness of One Way Rib Slab (cm)

Floor Name

Basement Floor

Figure (5-1): Parts of structure
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5-5 Loads Calculations:

For the one-way ribbed slabs, the total dead todsk used in the analysis and

design is calculated as follows:

1. Dead Loads for Part 1 of structure as shown inrég6-1).

Table (5-3): Dead Loads calculations of Part 1tafcture.

No. Dead Load from: O6XYyXhb KN/m/Rib
1 Tiles 0.03x23x0.72 = 0.497
2 Mortar 0.03x22x0.72 = 0.475
3 Coarse sand 0.07x17x0.72 = 0.857
4 Topping 0.08x25x0.12 = 1.44
5 RCRib 0.37x25x0.12 = 1.11
6 Block-Ytong 0.37x5x0.60 = 1.11
7 Interior partitions 2.3x0.72 = 1.66

S = 7.15 KN/m
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2. Dead Loads for Part 2 of structure as shown inrféd6-1).

Table (5-4): Dead Loads calculations of Part 2tafciure.

No. Dead Load from: §XyXhb KN/m/Rib
Tiles 0.03x23x0.72 = 0.497
Mortar 0.03x22x0.72 = 0.475
Coarse sand 0.07x17x0.72 = 0.857
Topping 0.08x25x0.12 = 1.44
RC Rib 0.58x25x0.12 = 1.74
Block-Ytong 0.58x5x0.60 = 1.74
Interior partitions 2.3x0.72 = 1.66
> 8.41 KN/m
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3. Dead Loads for Basement of structure.

Table (5-5): Dead Loads calculations of Basemesstroicture.

No. Dead Load from: §XyXhb KN/m/Rib
1 Tiles 0.03x23x0.72 = 0.497
2 Mortar 0.03x22x0.72 = 0.475
3 Coarse sand 0.07x17x0.72 = 0.857
4 Topping 0.08x25x0.12 = 1.44
5 RC Rib 0.52x25x0.12 = 1.56
6 Block-Ytong 0.52x5x0.60 = 1.56
7 Interior partitions 2.3x0.72 = 1.66

> = 8.05 KN/m
R Stk & Tamperstur Bare =,

Figure (5-2): One Way Rib
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5-5-2 Calculation of Live Loads:
From Jordanian live loads table, live load for Multpose Buildings is

5 KN/m2.

= Live Load/Rib = LL/Rib = %0.72 =3.6 KN/m/rib

1. Wu=12DL+16LL=127.15+ 1.&3.6 = 14.34 KN/m/Rib.
2. Wu=12DL+1.6LL=1.28.41+ 1.&3.6=15.852 KN/m/Rib.
3. Wu=12DL+1.6LL=1.28.05+ 1.3.6 =15.42 KN/m/Rib.

Then the factored loads must multiply byl5 (Corrected Loads) to take in
account the weights of columns and other extradoad

1. Wu = 1.15 x14.34 = 16.5 KN/m/Rib

2. Wu = 1.15 x 15.852 = 18.23 KN/m/Rib

3. Wu = 1.15 x 15.42 = 17.73 KN/m/Rib
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5-5-3 Calculation of Loads on Columns and walls:

The Loads calculations on each column and wathis project have been
determined as follow:

1. Calculate the area above each column and wall (BaseWall & Shear

Wall) by Area Method (The area between the halfaspaf columns and
walls) as shown in the figure (5-3).

Tributary Area

/

e /2

A 24 A2

AN L2/2 —

Figure (5-3): Area Method

The shown figures below show how the distributibam@as in the basement
floor for part 1 & part 2 of the structure.
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% Col25 Col20 Col.7 CoI.Z/
% Col.26 Col.21
%

Col.27 Col.22 Col.13 Coal.9 Col.4
Col. 17

0l.28 Col.23 ~ Col.18 Col.14 Col.10 CoI.5C 16

Shear 2
Not Loaded
Not Loaded
Shear 1

O

o

o0

(@)

o

W
;@N@%\

Figure (5-4): Distribution areas in the basememffifor part 1.
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Col.68 Col67  Col.62 Col.56 Col.49 Col.34Col.3

Col.29 >
Col 30 Col.66  Col.61 Col.55 Col.48 Col.35c°"33

Col.31  Col 65

WaterTank

Col.64 Col 60
Col:59

Col.54 Col.47 Col.36

Col.53
Col.46

Coh83 Col.58 Col.52

Col.45

Col 51
Colg7 Col.44

Col43

Figure (5-5): Distribution areas in the basememfifor part 2.
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2. After the area above each column and wall (Basemétit& Shear Wall)
calculated for the different floors, then the loatiseach column and wall
determined as the following tables.

Table (5-6): Loads on columns for pardf structure in KN.m.

#Col | Area/Col (m?) (k‘I:IVIl:n) Load/Floor (kN.m) gg'oc:: Total Load/Col (kN.m)
1 16.6 16.5 273.9 13 3560.7
2 27 16.5 445.5 13 5791.5
3 36.49 16.5 602.085 13 7827.105
4 36.32 16.5 599.28 13 7790.64
5 19.36 16.5 319.44 13 4152.72
6 33.66 16.5 555.39 16 8886.24
7 73.23 16.5 1208.295 16 19332.72
8 68.1 16.5 1123.65 16 17978.4
9 67.64 16.5 1116.06 16 17856.96
10 35.2 16.5 580.8 16 9292.8
11 23.1 16.5 381.15 16 6098.4
12 67.89 16.5 1120.185 16 17922.96
13 58.45 16.5 964.425 16 15430.8
14 36.52 16.5 602.58 16 9641.28
15 42.93 16.5 708.345 16 11333.52
16 45.68 16.5 753.72 16 12059.52
17 47.52 16.5 784.08 16 12545.28
18 39.38 16.5 649.77 16 10396.32
19 42.85 16.5 707.025 16 11312.4
20 65.6 16.5 1082.4 16 17356.53
21 64.78 16.5 1068.87 16 17140.05
22 77.62 16.5 1280.73 16 20529.81
23 42.65 16.5 703.725 16 11259.6
24 24.38 16.5 402.27 16 6436.32
25 39.56 16.5 652.74 16 10457.44
26 34.03 16.5 561.495 16 9147.92
27 34.65 16.5 571.725 16 9166.7
28 18.26 16.5 301.29 16 4820.64
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Table (5-7): Loads on columns fBasement Floor — part 1of structure in KN.m.

#Col | Area/Col (m?) | Wu (kN/m) | Load/Floor(kN.m) ll:llz.c:: Total Load/Col (kN.m)
1 55.8 17.73 989.334 3 2968.002
2 54.43 17.73 965.0439 3 2895.1317
3 67.32 17.73 1193.5836 3 3580.7508
4 77.32 17.73 1370.8836 3 4112.6508
5 33.12 17.73 587.2176 3 1761.6528
6 74.82 17.73 1326.5586 3 3979.6758
7 61.21 17.73 1085.2533 3 3255.7599
8 67.84 17.73 1202.8032 3 3608.4096
9 66.73 17.73 1183.1229 3 3549.3687
10 35.2 17.73 624.096 3 1872.288
11 82 17.73 1453.86 3 4361.58
12 79 17.73 1400.67 3 4202.01
13 58.45 17.73 1036.3185 3 3108.9555
14 36.52 17.73 647.4996 3 1942.4988
15 76.32 17.73 1353.1536 3 4059.4608
16 49.6 17.73 879.408 3 2638.224
17 57.67 17.73 1022.4891 3 3067.4673
18 47 17.73 833.31 3 2499.93
19 79.17 17.73 1403.6841 3 4211.0523

20 69 17.73 1223.37 3 3670.11
21 65.36 17.73 1158.8328 3 3476.4984
22 66.55 17.73 1179.9315 3 3539.7945
23 35.1 17.73 622.323 3 1866.969
24 84.41 17.73 1496.5893 3 4489.7679
25 73 17.73 1294.29 3 3882.87
26 65 17.73 1152.45 3 3457.35
27 61.1 17.73 1083.303 3 3249.909
28 36.13 17.73 640.5849 3 1921.7547
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Table (5-8): Loads on columns for pardf structure KN.m.

#Col | Area/Col (m?) (k:’/l:n) Load/Floor(kN.m) | No. of Floors | Total Load/Col kN.m)
32 32 18.23 583.36 6 3500.16
33 26 18.23 473.98 6 2843.88
34 47.3 18.23 862.279 6 5173.674
35 46 18.23 838.58 6 5031.48
36 36.5 18.23 665.395 6 3992.37
37 38.3 18.23 698.209 6 4189.254
38 76 18.23 1385.48 6 8312.88
39 37 18.23 674.51 6 4047.06
40 18.5 18.23 337.255 6 2023.53
41 37 18.23 674.51 6 4047.06
42 58 18.23 1057.34 6 6344.04
43 56 18.23 1020.88 6 6125.28
44 36.3 18.23 661.749 6 3970.494
45 74 18.23 1349.02 6 8094.12
46 70 18.23 1276.1 6 7656.6
47 70.6 18.23 1287.038 6 7722.228
48 38.5 18.23 701.855 6 4211.13
49 35 18.23 638.05 6 3828.3
50 39.7 18.23 723.731 6 4342.386
51 61.3 18.23 1117.499 6 6704.994
52 65.2 18.23 1188.596 6 7131.576
53 47.8 18.23 871.394 6 5228.364
54 76.3 18.23 1390.949 6 8345.694
55 73.3 18.23 1336.259 6 8017.554
56 36 18.23 656.28 6 3937.68
57 40 18.23 729.2 6 4375.2
58 61.4 18.23 1119.322 6 6715.932
59 65.1 18.23 1186.773 6 7120.638
60 73.7 18.23 1343.551 6 8061.306
61 76.4 18.23 1392.772 6 8356.632
62 37.7 18.23 687.271 6 4123.626
63 18.63 18.23 339.6249 6 2037.7494
64 37 18.23 674.51 6 4047.06
65 39.13 18.23 713.3399 6 4280.0394
66 66.22 18.23 1207.1906 6 7243.1436
67 32.1 18.23 585.183 6 3511.098
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Table (5-9): Loads on columns fBasement Floor — part 2of structure KN.m.

#Col | Area/Col (m?) (k:’/l:n) Load/Floor(kN.m) | No. of Floors | Total Load/Col (kN.m)
29 70.4 17.73 1248.192 3 3744.576
30 42.6 17.73 755.298 3 2265.894
31 51.65 17.73 915.7545 3 2747.2635
32 28.3 17.73 501.759 3 1505.277
33 54.32 17.73 963.0936 3 2889.2808
34 32,5 17.73 576.225 3 1728.675
35 64.03 17.73 1135.2519 3 3405.7557
36 79.31 17.73 1406.1663 3 4218.4989
37 65.36 17.73 1158.8328 3 3476.4984
38 67.7 17.73 1200.321 3 3600.963
39 78.4 17.73 1390.032 3 4170.096
40 66.1 17.73 1171.953 3 3515.859
41 25.8 17.73 457.434 3 1372.302
42 30.2 17.73 535.446 3 1606.338
43 60.1 17.73 1065.573 3 3196.719
44 55.85 17.73 990.2205 3 2970.6615
45 66.5 17.73 1179.045 3 3537.135
46 80 17.73 1418.4 3 4255.2
47 72.34 17.73 1282.5882 3 3847.7646
48 75.1 17.73 1331.523 3 3994.569
49 34.42 17.73 610.2666 3 1830.7998
50 30 17.73 531.9 3 1595.7
51 59.72 17.73 1058.8356 3 3176.5068
52 64.4 17.73 1141.812 3 3425.436
53 65.2 17.73 1155.996 3 3467.988
54 72 17.73 1276.56 3 3829.68
55 73.3 17.73 1299.609 3 3898.827
56 36 17.73 638.28 3 1914.84
57 31.24 17.73 553.8852 3 1661.6556
58 62.2 17.73 1102.806 3 3308.418
59 66.6 17.73 1180.818 3 3542.454
60 76.73 17.73 1360.4229 3 4081.2687
61 34 17.73 602.82 3 1808.46
62 26.1 17.73 462.753 3 1388.259
63 31.1 17.73 551.403 3 1654.209
64 62 17.73 1099.26 3 3297.78
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65 88.3 17.73 1565.559 3 4696.677
66 91.5 17.73 1622.295 3 4866.885
67 42.54 17.73 754.2342 3 2262.7026
68 31.83 17.73 564.3459 3 1693.037
69 21.63 17.73 383.5 3 1150.5

And the following table shows the total loads in damns in KN

Table (5-10): The total loads in columns in KN.

1 3560.7 2968.002 6528.702 9067.641667
2 5791.5 2895.1317 8686.6317 12064.76625
3 7827.105 3580.7508 11407.8558 15844.24417
4 7790.64 4112.6508 11903.2908 16532.34833
5 4152.72 1761.6528 5914.3728 8214.406667
6 8886.24 3979.6758 12865.9158 17869.3275
7 19332.72 3255.7599 22588.4799 31372.88875
8 17978.4 3608.4096 21586.8096 29981.68
9 17856.96 3549.3687 21406.3287 29731.01208
10 9292.8 1872.288 11165.088 15507.06667
11 6098.4 4361.58 10459.98 14527.75
12 17922.96 4202.01 22124.97 30729.125
13 15430.8 3108.9555 18539.7555 25749.66042
14 9641.28 1942.4988 11583.7788 16088.58167
15 11333.52 4059.4608 15392.9808 21379.14
16 12059.52 2638.224 14697.744 20413.53333
17 12545.28 3067.4673 15612.7473 21684.37125
18 10396.32 2499.93 12896.25 17911.45833
19 11312.4 4211.0523 15523.4523 21560.35042
20 17356.53 3670.11 21026.64 29203.66667
21 17140.05 3476.4984 20616.5484 28634.095
22 20529.81 3539.7945 24069.6045 33430.00625
23 11259.6 1866.969 13126.569 18231.34583
24 6436.32 4489.7679 10926.0879 15175.12208
25 10457.44 3882.87 14340.31 19917.09722
26 9147.92 3457.35 12605.27 17507.31944
27 9166.7 3249.909 12416.609 17245.29028
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28 4820.64 1921.7547 6742.3947 9364.437083
29 0 3744.576 3744.576 5200.8

30 0 2265.894 2265.894 3147.075
31 0 2747.2635 2747.2635 3815.64375
32 3500.16 1505.277 5005.437 6951.995833
33 2843.88 2889.2808 5733.1608 7962.723333
34 5173.674 1728.675 6902.349 9586.595833
35 5031.48 3405.7557 8437.2357 11718.38292
36 3992.37 4218.4989 8210.8689 11403.98458
37 4189.254 3476.4984 7665.7524 10646.87833
38 8312.88 3600.963 11913.843 16547.00417
39 4047.06 4170.096 8217.156 11412.71667
40 2023.53 3515.859 5539.389 7693.595833
41 4047.06 1372.302 5419.362 7526.891667
42 6344.04 1606.338 7950.378 11042.19167
43 6125.28 3196.719 9321.999 12947.22083
44 3970.494 2970.6615 6941.1555 9640.49375
45 8094.12 3537.135 11631.255 16154.52083
46 7656.6 4255.2 11911.8 16544.16667
47 7722.228 3847.7646 11569.9926 16069.43417
48 4211.13 3994.569 8205.699 11396.80417
49 3828.3 1830.7998 5659.0998 7859.860833
50 4342.386 1595.7 5938.086 8247.341667
51 6704.994 3176.5068 9881.5008 13724.30667
52 7131.576 3425.436 10557.012 14662.51667
53 5228.364 3467.988 8696.352 12078.26667
54 8345.694 3829.68 12175.374 16910.24167
55 8017.554 3898.827 11916.381 16550.52917
56 3937.68 1914.84 5852.52 8128.5
57 4375.2 1661.6556 6036.8556 8384.521667
58 6715.932 3308.418 10024.35 13922.70833
59 7120.638 3542.454 10663.092 14809.85
60 8061.306 4081.2687 12142.5747 16864.68708
61 8356.632 1808.46 10165.092 14118.18333
62 4123.626 1388.259 5511.885 7655.395833
63 2037.7494 1654.209 3691.9584 5127.72
64 4047.06 3297.78 7344.84 10201.16667
65 4280.0394 4696.677 8976.7164 12467.66167
66 7243.1436 4866.885 12110.0286 16819.48417

75




Structural Analysis & Design Cumal A} Juadll

67 3511.098 2262.7026 5773.8006 8019.1675
68 0 1693.0377 1693.0377 2351.44125
69 0 1150.5 1150.5 1597.916667

5-6 Design the Raft Foundation:

5-6-1 Determine the Rigidity of the Raft Foundation

The rigidity of the raft foundation (Kr) determinég the following equation:

Modulus of Elasticity of Material used in Structure
,\ Moment of inertia of structure per
/ unit length at right angles to B
E'l
K — b
r 3
E.B3
/ \

Modulus of Elasticity of Soil

Width of raft

If K. >0.5, then mat can be treated asrigidi&. 0 # ) O
If K, =0.5, then @, 0 )= 0.1
If K, =0, then @, /0 )= 0.35(square mats) and,( 0 /=).50ong mats)
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The rigidity of the two rafts foundation in this pecj calculated as the following:

A. Rigidity of Raft Foundation 1:
The moment of inertia of raft foundation 1 calcathfs follow:

1. Convert the shape of raft foundation 1 to sifrgaishape to determine the
moment of inertia for the simplified shape as shawthe figure (5-4).

2 /
39.02 m /
/ /
~ 64.80 m
Figure (5-6): Moment of inertia for part 1 of ré&fundation.
L
T2
64.8 x 393
Ix = T = 320323 m4
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39X 64.8°

Iy T = 884318 m* - Control

2. Calculated the rigidity of raft foundation byethgidity equation.

_ I X Ec

" Es x B3
Ec = 4700+/fc'
Ec = 470030

>> Ec = 25743 x 103KN /m?

Esoil(Silty sand) = 17250KN/m? Form the following table (5-11).

Table (5-11): Modulus of elasticity for differertits.

Modulus of elasticity, E

Type of soil Ib/ind ; MN/m? Poisson's ratio, .
Laose sand 1,500-3,500 10.35-24.15 0.20-0.40

Medium dense sand 2,500-4,000 17.25-27.60 0.25-0.40

Dense zand 5,000-8,000 34.50-55.20 0.30-0.45

Silty sand 1,500-2,500 10,35-17.25 0.20-040

Sand and gravel 10,000-25,000 B9.00-172.50 0.15-0.35

Soft clay 600=3,000 41-207

Medium clay 3,000,000 20.7-414 0.20-0.50

Stff clay 6,000-14,000 41.4-966

884318 x 25743 x 10°
B 17250 x 393

=22.25x103> 0.5 >>> Rigid
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B. Rigidity of Raft Foundation 2:

The rigidity of the raft foundation 2 calculatedveaprevious steps.

3511 m :'f/,
7 jﬁ;;// :
- 7443 m -

Figure (5-7): Moment of inertia for part 2 of ré&fundation.

7413 x 35.113
Ix = % = 267365.4 m*

_3511x 74.133

Iy = 5 =1191877.4 m* — Control

I X Ec

" Es x B3

_ 1191877.4 x 25743 X 103

= 3 . .
17250 x 35.11° 41.1x10° > 0.5 >>> Rigid
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The program that was used to design the Raft Fdiomdiz CS| SAFE V.12.0.

CSl SAFE program usedinite element methodto design the Raft Foundations, and
from program the thickness and reinforcement dérafe determined as the following:

Thicknesses:
Thickness of Raft Foundation 11=80 m
Thickness of Raft Foundation 21=80 m

Thickness of Drop Raft Foundation2=30 m as shown in the figure (5-8).

Z

i

Drop Raft Fondation“"h=2.30 m //

L7

Figure (5-8): Thicknesses of raft foundation — dart

80



Structural Analysis & Desidn Cumal A} Juadll

Figure (5-9): Thicknesses of raft foundation — f2art

Reinforcement:

For Raft Foundation 1: Basic Mesh Reinforcem@a5@ 13cm for top and bottom
bars in x & y directions.

For Raft Foundation 2: Basic Mesh Reinforcen@25@ 13cm for top and bottom
bars in x & y directions.

For Drop Raft Foundation: Basic Mesh Reinforcem@26@10cm for top and
bottom bars in x & y directions.
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The Critical section for checking one way sheasrsith is shown in the figure

(5-10).

Check for One Way Shear

Wall Thickness =0.30 m —={ |=—

4 ¢, ~a-*

-'44. .‘_ SRR P

R Réft Foundation ..’,"

o

Df=260m

Figure (5-10): Check for one way shear.

The Maximum load on the wall is 283.3 KN/m — Wdll 1
@Vc = 0.75 X % x Vfc' x bw x d ---- ACI 318 — 08 (11.2.1)

d = h — cover — @bar

d =1.80—-0.075-0.025=1.70m
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From table (2-4). The safe bearing capacity vahllyable Bearing Capacityall)
is 2.11kg/cm? (Choose here isolated footing).

qa,net = qall — (ycon x t) — (ysoil X H)
qa,net = 211 — (25 x 1.8) — (185 x 2.6) = 117.9 KN/m?

Pn  (1497.3 + 669.6)
qa,net 1179

2166.9
117.9

>>p =1838m

Area = A =

bx 1=

Take b = 18.50m

DL = 8.05 KN/m

LL = 3.6 KN/m

Wu=12x 8054+ 1.6 X 3.6 =1542KN/m
Corrected Load #.15 X 15.42 = 17.733 KN/m

o, _ (186 17.733 x 3
YSTT072 % 46)

= 298.76 KN/m

_ Pu 29876
" Area 1850 x 1

Vu=qux 1x{b—a—d}

qu = 16.15 KN /m?

Vu=16.15x 1x {18.50 — 0.3 —d}
Vu = 293.93 — 16.15d

1
(Z)Vc:0.75><g>< V30 x 1000 x d

@Vc = 684.65d
OVe =Vu

83



Structural Analysis & Design Cumal A} Juadll

684.65d = 293.93 — 16.15d
700.8d = 293.93
>>d =042m

d = 1.70 (Calculated By Two Way Sheary d = 0.42 (Calculated By One Way
Shear)

OK v
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5-7 Design the Pile Foundation

The ultimate loagtarrying capacity Qof a pile is given by the equation
Qu=Qp+ Qs

Where:

Qp = load-carrying capacity of the pile point

Qs = frictional resistance (skin friction) derived finathe soipile interface as shown
in the figure below.

Qu

l

I
L=L,

i x Ul

Q

Figure (5-11): Ultimate load-carrying capacity dep
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L = length of embedment.

Lb = length of embedment in bearing stratum.
LPointbearng capacit, @
The ultimate bearing capacity of pile may be wnitées
Qp = A, xqp = Ap(c'Ng + q'Np)
Where:
A, = Area of pile tip.
¢’ = Cohesion of soil supporting the pile tip.
g,= Unit point resistance.
q'= Effective vertical stress at the level of theeip.
N¢, N = The bearing capacity factors.

The frictional resistance, or skin resistance pil@ may be written as
Qs = YpALf
Where:
p = Perimeter of the pile section.
AL = Incremental pile length over which p and f taken to be constant.

f = Unit friction resistance at any depth z.
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The various method for method estimatinga@d Q are discussed and calculated in

the next several sections.
Allowable Load, Qui

After the total ultimate load-carrying capacity afpile has been determined by
summing the point bearing capacity and the frialdor skin) resistance, a reasonable

factor safety should be used to obtain the totahalble load for each pile, or

Qal = %
Where:

Qan = Allowable loadcarrying capacity for each pile.
FS = Factor of safety.

The factor of safety generally used ranges foto 4, depending on the

uncertainties surrounding the calculation of ultien@ad.
A. Fractional (Skin) Resistance in Clay

Several methods for obtaining the unit frictioredistance of piles are described

below.

1. A Method

Is based on the assumption that the displacemesdilofaused by pile driving results

in a passive lateral pressure at any depth andhibatverage unit skin resistance is
f,o = A(0'y + 2¢,)

Where:

a', = Mean effective vertical for the embedment léngt
A1+A2 +A3 +

o = L

=
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Ay, A, Ag, ... = Areas of the vertical effective stress diagrarstasvn in the figure
below.

. Vertic
Undrained ff‘rm-al
v " i effective
T cohesion, ¢, —
UL stress, o,
=Ly, ;
A . Cu1y
L Lz € Cu2) —> ,‘ . Area = A:
i ) Area = A,
(-m 3)
+ L4
(a)
d v
Depth Depth

Figure (5-12): Application of @ method in layered soil.
¢, = Mean untrained shear strength= 0).

The value ofl changes with the depth of penetration of the p8ee Table 5-12).
Thus, the total frictional resistance may be caltad as

Qs = poav

Table (5-12): Variation ol with pile embedment length, L

Embedment
length, L (m) A
0 0.5
5 0.336
10 0.245
15 0.200
20 0.173
25 0.150
30 0.136
35 0.132
40 0.127
50 0.118
60 0.113
70 0.110
80 0.110
90 0.110
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2. o Method

According to thex method, the unit skin resistance in clayey sails loe represented
by the equation

f=acu

Wherea = empirical adhesion factor. The approximate \temmof the value of is
shown in Table (5-13).

The ultimate side resistance can thus be given as

Qs = XfpAL = Zac,pAL

Table (5-13): Variation of (Interpolated valueséd®n Terzaghi, Peck and Mesri, 1996)

cu
Pa «
= 0.1 1.00
0.2 0.92
0.3 0.82
0.4 0.74
0.6 0.62
0.8 0.54
1.0 0.48
1.2 0.42
1.4 0.40
1.6 0.38
1.8 0.36
2.0 0.35
2.4 0.34
2.8 0.34

Note: p, = atmospheric pressure
~ 100 kN/m’
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3. p Method

The unit frictional resistance for the pile carde¢ermined on the basis of the effective
stress parameters of the clay in a remolded statd]. Thus, at any depth.

f =Bo’,
Where:
o', = Vertical effective stress.
B =ktard'y
@'g = Drained friction angle of remolded clay.

K = Earth Pressure coefficient.

Conservatively, the magnitude kéfis the earth pressure coefficient at rest, or

K=1-sing'g (For normally consolidate clay)
And

K=1-sing', VOCR (For over consolichted clay)
Where

OCR = Over consolidated ratio.

Combining equation for normally consolidated clgiedd

f=(-sin@’g) tan@’y o',

And for over consolidated clays,

f=(1-sin@’g) VOCRtan @'y o',

With the value of f determined, the total frictibnesistance may be evaluated as

Qs = XfpAL
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B. Fractional (Skin) Resistance in Sand

The frictional resistance calculated as

Qs = YfpAL

The unit frictional resistancé, is hard to estimate. In making an estimationfof
several factors must be kept in mind:

1. The nature of the pile installation. For drivgifes in sand, the vibration caused
during pile driving helps densify the soil arour tpile. The zone of sand densi-
fication may be as much as 2.5 times the pile diami the sand surrounding the pile.

2. It has been observed that the nature of vanatidf in the field is approximately

as shown in Figure (5-14). The unit skin frictiorcrieases with depth more or less
linearly to a depth of L' and remains constant thereafter. The magnitude of
the critical depth Lr may be 15 to 20 pile diameté conservative estimate would be

L'~15D

= Y > Unit
frictional
resistance, f

2
T

— Y

=
~

le

Figure (5-13): Unit frictional resistance for pilessand
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3. At similar depths, the unit skin friction in le® sand is higher for a high-
displacement pile, compared with a low-displacenpdet

4. At similar depths, bored, or jetted, piles widive a lower unit skin friction com-
pared with driven piles.

Taking into account the preceding factors, we dae the following approximate
relationship foff :

Forz=0toL'

f=Ko',tand’

Andforz=L"toL

f = fs=1s

In these equations,

K = effective earth pressure coefficient
a', = effective vertical stress at the depth undesitt@ration
&' = soil-pile friction angle

In reality, the magnitude of K varies with depth;ig approximately equal to the
Rankine passive earth pressure coeffici&pt, at the top of the pile and may be less
than the at-rest pressure coefficie, at a greater depth. Based on presently
available results, the following average valueskofire recommended for use in
equation.

Table (5-14): Magnitude of K versus with pile type.

Pile type K

Bored or jetted ~K =1—sin¢’
Low-displacement driven ~= l —sing’ to 14K, = 1.4(1 — sin¢")
High-displacement driven ~ Il —sin¢g’ to 1.8K, = 1.8(1 — sin¢’)
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The values 0b’ from various investigations appear to be in theyeafrom 0.8’
to 0.8p'.

Based on load tests results in the field, Mansdrtmnter (1970) reported the
following average values of K.

H-pile.......... K=1.65
Steel pipe pile.......... K=1.26
Precast concrete pile.......... K=15

Coyle and Castello (1981) method. Proposed that

Q= favpl' = (Ka-,o tan 5’) pl‘
Where

a', = average effective overburden pressure
&' = soil-pile friction angle = 0@

The lateral earth pressure coefficient K, which wdstermined from field
observations, is shown in the figure (5-14). Thiuhat figure is used.
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Earth pressure cocfficient, K
0.15 0.2 1.0

5
0 ! 1 1 L1yl [

/1 L
_m/
5 3l
10 Vi
35
34
/ 36
g - /

20
="
30
35
36

Figure (5-14): Variation of K with L/D (Redrawn aftCoyle and Castello, 1981)

Embedment rutio, L/D

Q; = Ko',tan(0.80¢") pL

C. Meyerhof’'s Method for estimating Q, - Sand

The point bearing capacity,, of a pile in sand generally increases with thetldef
embedment in the bearing stratum and reaches anmmaxvalue at an embedment
ratio of Lo/D = (Lu/D)cr. Note that in a homogenous sbib is equal to the actual
embedment length of the pile, L. However wherela Ipas penetrated into a bearing
stratum, b < L. Beyond the critical embedment rafby/D)er, the value ofy, remains

constantq,=qy). That s, as shown in figure (5-15) for the cafse homogenous soll,
L=Lbp.
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For piles in sand, = 0.
Qp = Apdp = Apq'Ny

The variation ofV; with soil friction anglep’ is shown in figure (5.16).The interpola
ted values ol for various friction angles are also given in &a{8-15). However,
Qp should not exceed the limiting valAgq;; that is.

Qp = A4,q, = Apq'Ny < Ayq,

Figure (5-16) Variation of the maximum value o00 -
of Ny with soil friction anglep’ (From 800
Meyerhof, G. G. (1976). “Bearing Capacity and "V |
Settlement of Pile Foundations,” Journal of the ~ #%Y

Geotechnical Engineering Division, American
Society of Civil Engineers, Vol. 102, No. GT3,
pp. 197-228. With permission from ASCE).

200

1

100
80

Unit point 60
T » resistance, »s 40 -

1

1

(II)

20 -

10 - NG
b

(5]
1

1 T T T T v T
0 10 20 30 40
<—dq, = q;—> Soil friction angle, ¢'(deg)

4‘5

Y
LD=L,/D

Figure (5-15): Nature of variation of unit poinsigtance in a
homogenous sand
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Table (5-15):

Interpolated values df; based on Meyerhof’s theory

Soll friction
angle, ¢ (deg)
20
21
o ]

23
24

25

The limiting point resistance is

N;
124
13.8
15.5
17.9
214
26.0
29.5
340
39.7
46.5
56.7
68.2
81.0
96.0
115.0
143.0
168.0
194.0
231.0
276.0
346.0
420.0
525.0
650.0
780.0
930.0

q: = 0.5p,Ngtang’

Where
Pa= atmospheripressurg= 100kN/m?)

@' = effective soil friction angle of the bearingagtim.
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D. Point Bearing capacity of piles resting on rock

Sometimes piles are driven to an underlying layeook. In such cases, the enginee
must evaluate the bearing capacity of the rock. ditimate unit point resistance in
rock (Goodman, 1980) is approximately

qp = qu(Np + 1)

Where

@I
Ny = tan®(45 + 7)
gy = unconfined compression strength of rock
@' = drained angle of friction

The unconfined compression strength of rock caaiebermined by laboratory tests on
rock specimens collected during field investigatidowever, extreme caution should
be used in obtaining the proper value gflspcause laboratory specimens usually are
small in diameter. As the diameter of the specinmreases, the unconfined
compression strength decreases - a phenomenomnecketer as thescale effect. For
specimens larger than about 1 m in diameter, theevaf q, remains approximately
constant. There appears to be a fourfold to fivkfeduction of the magnitude of ipp

this process. The scale effect in rock is causedguily by randomly distributed large
and small fractures and also by progressive ruptateng the slip lines. Hence, we
always recommend that

Quab)
Qu(design) = 5

Table (5-16). Lists some representative valuekabbfatory) unconfined compression
strengths of rock. Representative values of thk fiaction angle@’ are given in Table
(5-17). A factor of safety of at least 3 shouldused to determine the allowable point
bearing capacity of piles. Thus,

_ [qu(design) (NQ) + 1)]Ap
Qpan) = TS
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Table (5-16): Typical unconfined
compressive strength of rocks.

Type of rock M‘l’\‘ll/ m?
Sandstone 70-140
Limestone 105-210
Shale 35-70
Granite 140-210
Marble 60-70

Table (5-17): Typical values of Angel of
friction @ of rocks.

Type of rock Angle of friction, ¢’ (deg)
Sandstone 27-45
Limestone 30-40
Shale 10-20
Granite 40-50
Marble 25-30
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The following table shows the conducted lab testsepresentative samples obtained
from the drilled boreholes:

Table (5-18): Conducted lab tests on representativeples obtained from the drillédreholes.

BH % % % S.G UCSs C Classification
0
NO. Depth | Group | W.C | L.L | PL | P Gravel | Sand | Fines | g/cn? | Kg/cm? L Kglcm? & Color
0-1.3 4.5 Sandy Clay
with some
1 27.2| 20.2| 7.0 6.0 44.4 | 49.6 | 2.609 1.71 30.11| 0.29 Gravel
1.3-2.6 7.8 YR 7.5Brown
@4
2.6-4 13.6
BH Silt with some
1 | 455 o [ 1781550l 315|235 00 | 69 | 931 | 2552| 277 |1368| o071 | Sand(Dark
YR 7.58rown
5.5- 3/4
18.3 17.0
Medium Hard
18.3- Rock (Very
20 3 4.0 - NP - - - - 2.663 - 40.72| 0.30 Pale Orange
(10YR 8/2
0-1.3 8.5 Sandy Clay
with some
1 27.2| 20.2| 7.0 6.0 44.4 | 49.6 | 2.609 1.71 30.11| 0.29 Gravel
1.3-2.6 15.0 YR 7.5Brown
@4
2.6-4 185
BH Silt with some
2 | 452 5 1505500315 235 00 | 69 | 931 | 2552| 277 |1368| o071 | S3nd(Dark
YR 7.58rown
5.5 G/4
18.3 14.4
Medium Hard
18.3- Rock (Very
20 3 3.6 - NP - - - - 2.663 - 40.72| 0.30 Pale Orange
(10YR 8/2
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And the figure below shows the layers of soil amel pile foundation that used in the
project.

Cap

260m Sandy Clay with some gravel

Pile (D=50cm

~ 15.70 m Silt with some sand o

1.70 m Medium Hard Rock

Figure (5-17): layered soil and the pile
foundation

Calculation:
Length of pile = 18.3 m, Diameter of pile = 50 mm.

Using table (5-18) to determine the pile capacity.

Equations for Estimating Pile Capacity

The ultimate load-carrying capacity Qu of a pilgigen by the equation

Qu=Qp+Qs
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1. Frictional resistance in clay, Os

Qs =) pALf
a. A Method
_ B 167751 operss ki
Cy = > = > = 83.
-, _A_62.53_2405KN )
Co=T T 6 T /m

From table (5-12) make interpolatien A = 0.414

f.y = A(6', + 2¢,) = 0.414(24.05 + 2 X 83.8755) = 79.4 KN /m?

Qs =79.4 X1 x 0.5 x 2.6 = 324.3 KN

b. o Method

f=ac
Qs = ZfpAL = Xac,pAL

c, 838755 , ,
e =00 - 0.8387, from table (5 — 13)make interpolation —» a = 0.528
a

Qs =0.528 xt x 0.5 X 2.6 X 83.8755 = 181 KN

c. B Method

f=pBd, B = Ktan®'y
K=1-sim'y (For normally consolidated clay)

f=(-siM'y) tan@'y o',

18%2.6

f=[(1 - sirB0.11) tan30.11] x = 6.95 KN /m?

Qs =695xmx05%x26—284KN

The values of); from thea method ang method are close. So,
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_ 284+181

.= > = 104.7 KN

2. Frictional (skin) resistance in silt with some sandsand).

Thickness of sand layer, L= 15.7 m

1. L' =15D=15%x0.5=7.5m
2
441 KN/m P Unit frictional
resistance, f
L'=7.5m
16.8 KN/m?

8.2m

v L

Depth

f =Ko’ tané’

K =1—-s5sin@" Bored or jetted piles from table (5-14).

K —1—sin13.68° = 0.764

6" =0.50"=0.5x%13.68° = 6.84

At z=0m: o', =2.6x18.5 = 48.1 KN/m?

Sof = 0.764 x 48.1 X tan6.84° = 4.41 KN /m?

At z=7.5m: o', = (2.6 x18.5) + (7.5 x 18) = 183.1 KN /m?
Sof = 0.764 x 183.1 X tan6.84° = 16.8 KN /m?

Qs = OCZ:O-I_ZMPLI + fz=750(L — L’)
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~ [(4.41 +16.8)

> X (m % 0.5 X 7.5)] +[16.8 X T X 0.5 X (15.7 — 7.5)]

= 3414 KN

2. Coyle and Castello (1981) method.
Q, = Kd', tan(0.80") pL

&, = (2.6 x 18.5) +

15.7 x 18
(—) = 189.4 KN /m?

Qs = 0.764 x 189.4 x tan(0.8 x 13.68°) X ™ X 0.5 X 15.7 = 690 KN

690 + 341.4

Qs,Average fOT sand layer = T = 515.7KN

3. Point bearing capacity of piles resting on rock()r for medium hard rock

From table (5 — 16),q, = 105 X 103KN/m? For limestone

q (lab) 105 x 103
Qu(design) = u5a = R = 21000 KN/Tn2

!

) @ ) 40.72
Ny = tan=| 45 +? = tan (45 +T> =4.75

@p = qu(Np + 1) = 21000 x (4.75 + 1) = 12070 KN/m?
2

i
= 23709.21 KN

Q, = 120750 x

Qiotar for all soil layers = Q, = Q, + X.0Qs
=22709.21 + (515.7 + 104.7) = 24329.61 KN

Q. 24239.61

Qallowable = F.S = 3 =8110 KN

The following tables show the pile capacity andpitsperties (D, L and number of
piles).

The columns loads in the table are service loads.
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Table (5-19): Pile capacity and its properties.

104

#Col | Load of Part 1(KN.m) | Load of Part 2 (KN.m) [Sum of Loads (KN.m) [Total Load /Rib{0.72) (KN}|Pile Capacity (KN} |Length of pile {m) | Diameter(m) | # of Piles | Final No
1 1774.4155 1549.7055 3324121 4616.834722 8110 183 0.5 0.56927678 1
2 2886.0975 1511.657175 4397.754675 6107.992604 8110 183 0.5 075314335 1
3 3900.507325 1869.6447 5770.152025 8014.100035 8110 183 0.5 0.9881751 1
4 3882.3356 2147.3697 6029.7053 8374.590654 11693 183 0.6 0.71620548 1
5 2069.4388 919.8252 2989.264 4151.755556 8110 183 0.5 0.5119304 1
6 4428.3096 2077.93845 650624805 9036.455625 11693 183 0.6 0.772809 1
7 9634.1388 1699.954725 11334.09353 15741. 79656 8110 183 0.5 1.94103533 2
8 8959.236 1884.0864 10843.3224 15060.17 8110 183 0.5 1.85698767 2
9 8898.7184 1853.258925 1075197733 14933, 30184 8110 183 0.5 1.84134425 2

10 4630.912 977.592 5608.504 7789.588889 8110 183 0.5 0.96049185 1
1 3039.036 2277.345 5316381 7383.8625 8110 183 0.5 0.91046393 1
12 8931.6084 21540275 11125, 6359 15452, 27208 8110 183 0.5 190533565 2
13 7689.682 1623.302625 9312.984625 12934, 70087 15861 183 0.7 0.81550349 1
14 4804.5712 1014.2517 5818.8229 8081.698472 8110 183 0.5 0.99651029 1
15 5647.8708 2115.5972 7767.468 1078815 11693 183 0.6 0.9226161 1
16 6009.6608 1377.516 7387.1768 10255,96778 11693 183 0.6 0.87744529 el
17 6251.7312 1601.640075 7853.371275 10907.4601 11693 183 0.6 0.93281964 1
18 5180.8328 1305.3075 6486.1403 9008.528194 11693 183 0.6 0.77042061 1
19 5637.346 2198.748825 7836.094825 10883. 46503 11693 183 0.6 0.93076756 1
20 8668.466 1916.3025 10584, 7685 1470106736 8110 183 0.5 1.81270868 2
pal 8560.5868 1815.2106 10375.7974 14410.82972 8110 183 0.5 177692105 2
2 10249.8172 1848.259875 12098.07708 16802. 88483 20660 183 0.8 0.81330517 1
23 5611.034 974.81475 6535.84875 9147.012153 11693 183 0.6 0.78226393 1
24 3207.4328 2344.276725 5551709525 7710.707674 8110 183 0.5 0.95076543 1
25 5218.1136 2027.3925 7245,5061 10063, 20292 11693 183 0.6 0.86061771 1
26 4640.9868 1805.2125 64461993 8953.054583 11693 183 0.6 0.76567644 1
27 4577.654 1696.89975 6274.55375 8714.657986 11693 183 0.6 0.74528346 1
28 2402.2856 1003.420425 3405.706025 4730.147257 8110 183 0.5 0.58324874 1
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29 [ 1955.184 1955.184 27155333 8110 183 05
30 0 1183.1085 1183.1085 164320625 a3 15 1
31 0 1434.839625 1434.839625 1992201146 505 17 1
32 1856928 785.96175 2642.88975 3670.680208 8110 183 05
33 1508754 1508.6022 30173562 4190.7725 8110 183 05
34 2787717 902.60625 36473779 5065.802708 8110 18.3 05
35 2669.334 1778273175 447.607175 6177.232188 8110 18.3 05
36 2118.0585 2026675 B820.695475 6000.965938 8110 183 05
37 2225107 1815.2106 437.7213 5607.94625 8110 183 05
38 4410204 1880.19825 62904025 8736.669792 11693 183 06
39 2147.073 2177.364 82487 6006.1625 8110 183 05
40 10735365 1835.76225 2909.29875 4040.692708 8110 18.3 05
a1 2147.073 7165305 2863.605 3977.227083 8110 18.3 05
a2 3365.682 838.7295 42044115 5839460417 8110 183 05
a3 324964 1669.12725 491875125 6831.508958 8110 183 05
as 21064527 1551094125 3657.546825 5079.926146 8110 18.3 05
as 4294.146 184687125 6141.0725 8529.190625 11693 183 06
[ 406208 2238 2838 8727541667 11693 183 06
a7 4096.8474 2009.06265 6105.91005 8480430825 11693 183 06
a8 2234.1165 2085.71475 4319.83125 5999.765625 8110 183 05
49 2081015 955.92945 2986.94445 4148.533%58 8110 183 05
50 2387513 83175 3136.9263 4356842083 8110 183 05
51 35574777 16585737 5215.7514 7244.099157 8110 183 05
52 37834908 1788549 5572.0%98 7738944157 8110 183 05
53 2773.7862 1810.767 4584.5532 6836785 8110 183 05
54 4427.6127 19908 6272327 8926.712083 11693 183 06
55 42535257 203572425 6289.249% 8735.069375 11693 183 06
56 2089.034 999.81 3088854 290,075 8110 183 05
57 2116 867.6129 3188.7729 42885125 8110 183 05
58 3562.9806 17274495 52904301 7347.819583 8110 18.3 05
59 3777.6879 1849.6485 5673364 7815.745 8110 183 05
60 42767373 2130.983925 6407. 21225 8899.612813 11693 183 06
61 44334156 944.265 5377.6806 7469.000833 8110 183 05
62 2187.6833 7248625 291255555 4015216042 8110 183 05
63 1081.08027 86372475 191480502 2701.118083 8110 183 05
64 2147.073 1721.895 3868.968 5373.566667 8110 183 05
65 227067477 AR31175 42298652 65537035 8110 183 05
66 3842.68038 254118375 6383.86413 8856477958 11693 183 06
67 1862.7309 11814215 304417305 428018125 8110 183 05
68 0 883.998675 883.998675 127775988 a3 15 1
69 [ 600.719175 600.719175 834.3321875 a3 15 1
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5-7-2 Pile design

5-7-2-1 Spacing between piles

In most cases, piles are used in groups, as showeifigure (5-19), to transmit the
structural load to the soil. pile cap is constructed over group piles. The cap can be
in contact with the ground, as in most cases, dr ab®ve the ground, as in the case
of offshore platforms.

When the piles are placed close to each otherasormable assumption is that the
stresses transmitted by the piles to the soilavilirlap (see figure (5-20), reducing the
load-bearing capacity of the piles. Ideally, thepin a group should be spaced so that
the load-bearing capacity of the group is not taas the sum of the bearing capacity
of the individual piles. In practice, the minimuranter to center pile spacind, is
2.5Dand, in ordinary situations, is actually ab2.s to 3D

Pile cap

Section

Water table

le— d —>je— d —>]

Figure (5-18): Group piles.
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Figure (5-19): Overlap stresses of the piles.

* Piles resting on rock:

For point bearing piles resting on rock, most boigdcodes specify that the
minimum center to center spacing of the piles i8ap+mm.

So all of the piles in this project are resting orthe rock.
For example: If we chose pile diameter = 50 mm,

So spacing between piles = d+300 mm = (3x500)+308G6 mm.

Calculations of pile design

Using the geotechnical solution — from piles tablabove — table (5-19).
No. of piles = 4 piles (D = 1.00m)
Loads columnsfactored less than 6x19KN

Take Column No.30 & No.31

Pu = 3815 KN
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Load factored on each pik—:-% = 954 KN

OPymax = 90.85[0.85f" (Ay — As) + Asf,] — For spirally reinforced columns.

954 x 103 = 0.75 x 0.85[0.85 x 30(785398.17 — Ay) + As420]

As = 1282 mm2 < As min

As
0.01< 8= <008
A.g

1282

= —0——7=1 x 1073 .
78539817 1.6323 x107° < 0.01

So usey = 0.01
As=§ x Ay = 0.01 x 785398.17 = 7854 mm?

Use®25 — 16025

Spacing between bars@ =137>75 OK

Design of spiral reinforcement:
Use spirap12 with a = 113.1 mm

D, =D — 2cover = 1000 —2 X 75 =850mm

nD? X 10002

A, = = 785398.16 mm?

977 4
nD?%  m x 85072
Agp = — = ——— = 56745017 mm’
o (Ag 1) f. (785398.16 1) 30 _ 0 o1as
Ps =05\, ~ ) he - 7 \Beras017 ~ Ja20
_ 4as(Dch B ds)
ps = —————>=

2
sD&,
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4 x 113.1(850 — 12)
s X 8502

0.0123 =

— S$=42.66 mm

Take s =40 mm

Check for code requirements:

1. Clear spacing between longitudinal bars:

Clear space = 137 mm as shown in the figure below.

D=1000 mm

Figure (5-20): Longitudinal bars in the pile and tear spacing between them.

2. Gross reinforcement ratio:
py = 0.01
3. Number of bars: 16 > 6 — for circular membersl@sed by spirals OK

4. Spiral diamete®12 > ¢10 OK
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5. Clear spacing for one loop: clear spacing=ds = 40 — 12 = 28 mm

25<28mm<75 OK

16025
d12@pitch s=40

D=1000 mm

Figure (5-21): Spiral reinforcement in the pile atelr spacing between them.

5-7-2-2 The Horizontal dynamic force that exert orthe pile

Horizontal dynamic force =Take 10% of factored laddhe column, Pu and assume
L . . . :
that exert ony of the pile. Design the pile as the beam and lyetréinforcement, so

we useBEAMD program to design it.
Pile diameter 1000 mm

We chose the section that equivalent the (iile1000 mm)in area, so we choose
rectangular sectioB00x1000 mm

Vertical factored load, Pu = 3815 KN
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Horizontal dynamic force — Hu = 10% Pu = 0.1x381882.5 KN that exert 01'321=

18.3

—-=6.1mas showing in the figure below.

Sandy Clay with some gravel

Pile (D=100 cm
Hu =381.5 KN

~ 1570 m Silt with some sand o

X
1.70 m , , Medium Hard Rock

f

Figure (5-22): The Horizontal dynamic force thaeeon the pile.

From BEAMD program we get the reinforcement recaifi@ the beam (equivalent
the pile in area) 4236 mm?

As =7854 mm? > 4236 mm?

So the pile reinforcement enough (cover the beamfioreement when the horizontal
dynamic force exert on the pile).
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Using the structure solution, because the piles tébnot proper and
not practical on some columns.

Loads factored (27 103 to 34x 103) KN

Pu = 33430.2 KN-Column No. 22

Assume the column has 6 piles (D = 0.60 m)

Load factored on each piIe@ = 5571.7KN

OPymax = 90.85[0.85f" (Ag — As) + Asfy] — For spirally reinforced columns.
5571.7 x 103 = 0.75 X 0.85[0.85 x 30(282743.34 — A,) + A,420]
As = 3878.15 mm2 < As min

Use@25 - 8925

As
0.01 <8 = —><0.08
Ag

Spacing between barsf—rém;—w =1419>75 OK

Design of spiral reinforcement:
Use spiralp14 with as = 153.93 mm2
D.p =D —2cover = 600 — 2 X 75 = 450 mm

g =P8 _TXO00 743,33 mm?
9= T 4 29 i

_ mDZ, X 4502

Ap = — % = ——— = 15904313 mm?
o4 <Ag 1) I _ oas (282743.33 ) 30 _ 0 ons
Ps =2 e~ ) he 7 \159043.13 420~
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_ 4‘as(Dch - ds)
Ps —SDczh

4 x 153.93(450 — 14)

0.025 = T X 4502

— s =53 mm
Take s =50 mm
Check for code requirements:
1. Clear spacing between longitudinal bars:
Clear space = 141.9 mm
2. Gross reinforcement ratio:
0.01 < p, =0.0137 < 0.08 OK
3. Number of bars: 8 > 6 — for circular memberd@sed by spirals 0K
4. Spiral diamete@14 > @10 OK
5. Clear spacing for one loop: clear spacing=d; = 50 — 14 = 28 mm

25<36mm<75 OK
5-7-2-3 Check for punching — two way shear
For factored loads less than 6x103 KN
Take Col N0.30 & No.31

Diameter of the pile =1 m

Number of piles = 4

113



Structural Analysis & Desidn Cumal A} Juadll

D=1m
AT //\ . -
( Pile \\ Pile >/
[Col#1 | Cap
'h=1m
550m

Figure (5-23): Cap and piles foundations.
Col No. 31
Factored load = 3816 KN
Take h=1m
d= 1000-75-25= 900 mm
bo=2 % (1500 + 900) + (400 + 900) = 7400 mm = 7.4 m
@V, = 0.75 x%(l + %)A\/ﬁbod
oV, =075 X%(l +%>mx 7400 x 900 X 1073 = 7004 KN >V,
= 3816 KN OK

Check for pile punching

3816
= 954 KN
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Figure (5-24): Perimeter of the critical section tiwe pile.

bo =4m
1
OV, = 075 x S AYF ch,d

1
@V, = 0.75 x §\/30 X 4000 X 900 X 1073 = 4930 > V;, =954 KN OK

So the thickness is adequate.

Thickness of cap = 2000 mm

d = 2000-75-25=1900 mm
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3.60m

5.70 m -

Figure (5-25): Cap and the piles foundations.

V, = 3400 KN

b, = 4 x (800 + 1900) = 10800mm
1 !
oV, = ¢§\/f cbod

1
@V, = 0.75 x §\/30 x 10800 x 1900 x 1073 = 28098 KN < 3400 KN

|4
%zg—%
V. = 3400 37464 = 7869.3 KN
7 0.75 - '

2 2
oV, = ®§\/f’cbod =075 x5 % V30 x 10800 x 1900 = 56196 KN

Use 8 bars studs14

A, = 8 x 153.94 = 1231.5 mm?
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V, = A, X f, = 1231.5 X 420 = 517.23 KN

V; < 7869.3 KN NOT OK
V. =7869.3 KN
Ve =4y X fy
V. 78693
Y =E=W= 18736 mm?

Use®16 (4, = 201.06 mm?)

Ay 18736 o,
4 = 7 = mm

Numb b _ o84 = 24016
umber of ars—201.06—

Figure (5-26): Outer and inner critical section.
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Spacing between studs

d
Smax < 5 0" Smax < 600 mm
d 1900 950
S =5 = mm

- S =600mm control

ls =600 X 4 = 2400 mm

L =+21, =2 x 2400 = 3394.1 mm

b, = (Is + b) x 4 = (3394.1 + 800) X 4 = 16776.4 mm
1 1
V. = ?/f’c bod =3 X V30 x 16776.4 x 1900 x 1073 = 58196 KN

@V, = 0.75 x 58196 = 43647 KN

oV. >V, OK

5-7-3 Design of pile cap

The pile cap should be deep enough for the pileti@afrom below the pile caps to
be transferred to the pile cap. Similarly, consiethe loads from the column at its
top, the pile cap should have sufficient capaatesist the bending moment and shear
forces as well as the punching shear requirementsanhsfer the load to the piles
through the pile cap.

There are two alternatives theories on which malesccan be assumed to transfer the
loads from the columns to the pile foundations.yTaee (a) the truss theory and (b)
the beam or bending theory.

So we use in this project the first one (Truss theo

Figure below shows the truss action for a four-gileup. Even in conventional

designs when the angle of dispersion of l8asl less thar30° (tarB0° = 0.58), (i.e.
the value of (av/d) ratio as shown in the figurtess than 0.6), we may assume the
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load to be transferred to the pile by strut acti®dB.being in compression and BC in
tension. This is called the strut truss action.dfkxpents show that this action (as in
deep beams and corbels) can be predominant evien(awd) ratio equal to 2 or av=
2d. In this truss action, the tensile force betwginheads is assumed to tie the ends

of the reinforcements at its ends as needed inabke of an arch. This known as truss
theory.

5 P

L I
] pd
%
5 7 e
! d el q d
| IIT_PE > ]i /';Z» J’i*t /,;lué l
Ve 7 ik Uk

Figure (5-27): Design of pile-cap reinforcementttuss theory.
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Table (5-20): Shape of pile caps for 2 to 6 pi@srfulae for tension by truss theory for arrangement
of steel.

No. of piles Shape of pile cap Tension by truss theory

=t (d = depth of pile cap)
kh»"

: DD}
: o

P
_.| (k+ 1)h, + 300 A]{lllg XX = EE (3L2 R ﬂ'z)
Diameter of pile = h,

>

Along XX = —P‘(4L2 +b* -3d%)
36Ld

P
18Ld

Along YY = QL -5)

| i Aloog I = — 312 - &)

X 3 X 241d
4 i 4_,. oo S L
7 P
3 i Along Y¥ = —— 3L - b%)
e 24Ld

ﬁ}_i
bﬁ Along XX = L 3L -4%)

<a o 30Ld
Al P 2
i Along YV = EVESYL
o Ily _é.é_r_f- SOM{ )
— L —3f
| (¥2k 1 )b, 1 300 |
i Along XX = P ar-&
b Es 181d
E4 ==
s 2 e <l
ol ¥ P 2 .2
o 0 Along Y¥ = —— (3L - %)

Ty 361d
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For factored loads from (18 — 24) x 103kN
Each column has 4 piles.

Diameter of the pile = 600 mm

Cap thickness =2 m

Cap dimensions4.1 x 4.1

Spacing between piles = 3d+300 mm
3x600+300 =2100 mm

From the table (5-20):

For x-direction

P
_ 2 _ 2
T—24Ld(3L a®)
2200

_ 2 _ 2y —
T_24><2.1><2(3X2'1 1.5%) = 2397 KN

T 2397
~ 0.87f, 0.87 x 420

A = 6560 mm?

Ag min = 0.0018bh = 0.0018 X 4100 X 2000 = 14760 mm?
Agmin = 14760 mm? > Ag = 6560 mm?

Use®32 — 19032

For y-direction

P
_ 2 12
T_24Ld(3L b?)

2200

_ 2 _ 2y —
_24><2.1><2(3X2'1 0.4%) = 2853 KN
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T 2853
©0.87f, 0.87 x420

A = 7808 mm?

Agmin = 14760 mm? > A5 = 6560 mm?

Use@32— 19032

Spacing between bars §)4100—2x712—(19><32) =18.6 cm

Use s = 18 cm in both directions

P32@18 cm

5-7-3-1 Using (CSI Safe v12.0) program to designetraft cap and
combined cap

CSI Safe program used finite element method togdestie raft and combined cap.
From the program get the thickness and reinforcésresithe following.

1. Raft cap
Diameter of piles used = 60 cm

Thickness = 1.80 m
Reinforcement:

Top & bottom reinforcement@20@7cm in both directions

2. Combined cap
Combined cap for column No0.48 & No.49

Diameter of piles used = 50 cm

Thickness =2.00 m

Reinforcement:

Top reinforcement in the long directio@25@4cm.
Top reinforcement in the short directio@25@8cm.

Bottom reinforcement in the long & short diien: p25@8cm.
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Figure (5-28): Raft Cap

Figure (5-29): Combined Cap
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1. American Concrete Institute (ACl), Building Code Requirement for

Structural Concrete (ACI-318M-08).

O (las (S Aagl Ul udaa (s g8l g Jlaa¥l) 35S (A3 Alagl sl a S 2
22006

3. Principles Of Geotechnical Engineering, 7*".Braja M. Das
4. Principles of Foundation Engineering, 7t" .Braja M . Das.
5. Design of Reinforced Concrete Foundations, P.C.Varghese.

6. Geotechnical Investigation Report for Dhahriyyeh Municipality Commercial

Center Building Project.
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