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Compressibility of Soil

Types of Soil Settlen

Elastic settlement (or immediate settlement),

@

Solved problem
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Stress Increase caused by the construction of foundations
or other loads s soll layers.

The compressiomn Is caused by:

@) def@z}mww@m of soil particles
b) relocations of soil particles
C) expulsion of water or air from the void spaces.

Fill in the blanks
1. The decrease in the volume of soil mass under stress is known as

compression
2. The property of soil mass pertaining to its susceptibility to decrease in

volume under pressure is compressibility
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In general, the soil settlement caused by loads may be
divided into three broad categories:

1. Elastic settlement (or immediate settlement)
2. Primary consolidation settlement,
3. Secondary consolidation settlement,
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The total settlement of a foundation can then be
given as:

St =S,+S.+ S,

where S : Total settlement

S, . Elastic settlement

S. . Primary consolidation settlement

S. . Secondary consolidation settlement
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which iIs caused by the elastic deformation of dry soil and of moist and
saturated soils without any change in the moisture content.

Any time a load Is applied to soil that Is partially saturated, it will
experience a reduction in volume as the air Iin the void is expelled and
compressed. In addition, its volume will decrease slightly as a result of
the compression of solid particles (the elastic deformation of solid
particles is negligibly small)

This reduction in the soil’s volume that I1s noted immediately after the
application of the load is called initial consolidation. It may also be
referred to as immediate settlement, although some experts feel this is a

misnomer. In saturated soils, Initial consolidation is largely the result of
compressing solid particles.



https://theconstructor.org/geotechnical/compressibility-consolidation-soils/1083/
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‘a— Sefilement profile

Theoretically, 1f the foundation 1s perfectly flexible, the settlement may be
expressed as

Se—rigid = 0.93 Se—flexible
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Elastic settlement calculations generally are based on equations
derived from the theory of elasticity.

— s
E,

|
S, = Aco(aB') I,

where Ao = net applied pressure on the foundation
w; = Poisson’s ratio of soil
E. = average modulus of elasticity of the soil under the foundation
from z = 0 to about z = 5B
B’ = B/2 for center of foundation
= B for corner of foundation
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I, = shape factor (Steinbrenner, 1934) T aa0ss
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Iy = depth factor (Fox, 1948 ) = f g o M and — 3 -
a = factor that depends on the location on the foundation ——
)
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Table Variation of F, with m" and n’

m

n 1.0 1.2 1.4 1.6 1.8 2.0 25 3.0 3.5 4.0

025 0014 0013 0012 0011 0011 0011 0010 0.010 0010 0010
050 0.049 0046 0044 0042 0041 0040 0038 0.038 0.037 0037
0.75  0.095 0090 0087 0.084 0.082 0080 0077 0076 0074 0.074
.00 0.142 0138 0.134 0.130 0.127 0125 0.121 0.118 0.116 0.115
.25  0.186 0183 0179 0176 0.173 0170 0.165 0.161 0.158 0.157
1.50 0224 0224 0222 0219 0216 0213 0207 0203 0.199 0.197
1.75 0257 0259 0259 0258 0255 0253 0247 0242 0238 0235
200 0285 0290 0292 0202 0291 0289 0284 0279 0275 0271
225 0309 0317 0321 0323 0323 0322 0317 0313 0308 0305
250 0330 0341 0347 0350 0351 0351 03458 0344 0340 0336
275 0348 0361 0369 0374 0377 0378 0377 0373 0369 0365
3.00 0363 0379 0389 039 0400 0402 0402 0400 039 0.392
3.25 0376 0394 0406 0415 0420 0423 0426 0424 0421 0418
350 0388 0408 0422 0431 0438 0442 0447 0447 0444 0441
375 0399 0420 0436 0447 0454 0460 0467 0458 0466 0464
400 0408 0431 0448 0460 0469 0476 0484 0487 0486 0484
425 0417 0440 0458 0472 0481 0484 0495 0514 0515 0515
450 0424 0450 0469 0484 0495 0503 0516 0521 0522 0522
475 0431 0458 0478 0494 0506 0515 0530 0536 0539 0539
5.00 0437 0465 0487 0503 0516 0526 0543 0551 0554 0.554
325 0443 0472 0494 0512 0526 0537 0555 0564 0568  0.569
550 0448 0478 0501 0520 0534 0546 0566 0576 0581 0.584




Table

- Variation of F, with m" and n'

m
n 1.0 1.2 1.4 1.6 1.8 2.0 2.5 3.0 3.5 4.0

5375 0453 0483 0508 0527 0542 0555 0576 0588 059 0597
600 0457 0489 0514 0534 0550 0563 0585 0598 0606 0.600
625 0461 0493 0519 0540 0557 0570 05 0609 0617 0621
650 0465 0498 0524 0546 0563 0577 0603 0618 0627 0632
675 0468 0502 0529 0551 0560 0584 0610 0627 0637 0643
700 0471 0506 03533 0556 0575 059 0618 0635 0646 0653
125 0474 0509 0538 0561 0580 05%% 0625 0643 0655 0662
150 0477 0513 0541 0565 0585 0601 0631 0650 0663 0671
175 0480 0516 0545 0569 0589 060 0637 0658 0671 0680
8500 0482 0519 0549 0573 059 0611 0643 0664 O0O6TE  O.GEE
825 0485 0522 0552 0577 0598 0615 O648 0670 0685 0695
850 0487 0524 0555 0580 0601 0619 0653 0676 0692 0703
875 0489 0527 0558 0583 0605 0623 0658 0682 0698 0710
900 0491 0529 0560 O587 0609 0627 0663 0687 0705 0716
925 0493 0531 0563 0589 0612 0631 0667 0693 0710 0723
950 0495 0533 0565 0592 0615 04634 0671 0697 0716 0719
975 0496 0536 0568 0595 0618 0638 0675 0702 0721 0735
1000 0498 0537 0570 0597 0621 0641 06T 0707 0726 0740
20000 0529 0575 0614 0647 0677 0702 0756 0797 0830 0858
5000 0548 0598 0640 0678 0711 0740 0803 0853 085 0931
10000 0555 0605 0649 OGEE 0722 0953 0819 0E72 0918 0956




Tabla {continmed )
g 4.5 5.0 6.0 7.0 8.0 9.0 100 250 50.0 100.0
025 0010 001 0010 0010 0010 0010 Q010 OO0l 0010 QUi
050 0036 0036 0036 003 0036 003 0036 0056 0036 00536
075 0073 0073 0072 0072 0072 0072 0071 0071 0071 0071
LoD Q114 ulls o1z oni2 1z ool 11l o1l ol1o QU1
.25 Q155 054 Q153 00152 0152 00151 151 Q150 0150 QU150
1L.50 Q195 0194 Q192 0191 0190 0190 0139 0.188 0188 0.188
L7 0233 0232 0229 0228 027 0226 0225 0223 0223 0223
200 0269 0267 0264 0262 0261 0260 0259 0257 0256 0.256
225 035302 0300 029 0204 0293 0291 0291 0287 0287 (0.287
250 0333 0331 0327 0324 0322 0321 0320 0316 0315 0315
275 0362 0359 0355 0352 0350 0348 0347 0343 0342 0342
300 0389 0386 0382 0378 0376 0374 0373 0368 0367 0367
3125 0415 0412 0407 0403 0401 0399 0397 0.39] 0390  0.390
350 0438 0435 0430 0427 0424 0421 0420 0413 0412 0411
3175 0461 0458 0453 0449 0446 0443 0441 0433 0432 0452
400 0482 0479 0474 0470 0466 0404 0462 0453 0451 045]
425 0516 049 0484 0473 0471 0471 0470 0468 0462 0460
450 0520 0517 0513 0508 0505 0502 0499 0439 0487 0487
475 0537 0535 0530 0526 0523 0519 0517 0506 054 0503
500 0554 0552 0548 0543 0540 053 0534 0522 0519 0519
525 0569 0568 0564 0560 055 0553 0550 0537 0534 0534
550 0584 05383 0579 0575 0571 0568 0585 0.551] 0549  0.548




Tahla {(continmed)

o 4.5 5.0 6.0 FA L B.0 5.0 10.0 Z5.0 500 100D

575 0597 0597 0594 0590 0586 0583 0580 0565 0583 0562
6.00 0611 0610 O60E O604 0601 OS598 0595 0579 0576 0575
6.25 0.623 0623 0621 0618 04615 0611 0608 0592 0589 0538
650 0.635 0635 0634 0631 0628 0625 0622 0605 0601 0600
6.75 0646 0647 0646 06 0641 0637 0634 0617 0613 Q612
7.0 0.656 0658 0658 0656 0653 0650 0647 0628 0624 0623
7125  D.a66 0669 0669 0668 0665 20662 0659 0640 0635 0634
750 0.676 0679 0680 0679 0676 0673 0670 0651 0646 0645
175 0.685 0688 069 0689 0687 0684 0681 0661 0656 0655
500 0.9 0697 0700 0700 069 0695 0692 0672 0666 0665
825 0702 0706 O710 0710 0708 0705 0703 0682 0676 0675
830 0710 0714 Q719 0719 0718 0715 0713 0692 0686 (.684
87y 0717 0722 0727 0728 0927 0725 0723 0701 0695 0.693
Q00 0725 0730 0736 0737 0736 0735 0732 0710 0704 0002
925 0731 0737 0744 0746 0745 0744 0742 Q719 0713 Q711
Q50 073 0744 0752 07 073 0753 0751 0728 0721 Q919
975 0744 0751 0759 o062 0762 0761 0759 0737 07 0927
1000 0750 0758 0766 070 077 0770 0768 0745 0738 0735
2000 0878 089G 0925 095 0959 090 0977 0982 095 0957
3000 0952 0989 1034 1070 1100 1125 1146 1265 1279 1261
(0000 0990 1020 1072 LIl4 1150 1182 1209 1408 1480 1.499




Table

~ Variation of F; with m" and n’

m

n 1.0 1.2 1.4 1.6 1.8 2.0 2.5 3.0 3.5 4.0

0.25 0049 0.050 0051 0051 0051 0052 0052 0052 0052 0052
050 0074 0.077 0080 0.081 0.083 0084 0.086 0086 0.0878 0.087
0.75 0083 0089 0093 0097 0099 0.101 0104 0.106 0.107 0.108
1.00 0083 0091 0098 0.102 0.106 0.109 0.114 0117 0.119 0.120
1.25 0080 0.089 009 0.102 0.107 0.111 0118 0.122 0125 0.127
1.50 0075 0084 0093 0.099 0105 0.110 0118 0.124 0.128 0.130
1.75 0069 0079 0088 0.095 0.101 0.107 0117 0123 0.128 0.131
200 0064 0074 0083 0090 0097 0.102 0114 0121 0127 0.131
225 0059 0069 0077 0085 0092 0098 0110 0119 0125 0.130
250 0055 0064 0073 0080 0087 0095 0106 0115 0122 0.127
275 0051 0060 0068 0076 0082 008 0102 0111 0119 0.125
3.00 0048 0056 0064 0071 0078 0084 0.097 0108 0.116 0.122
325 0045 0053 0060 0067 0074 008 0.093 0104 0.112 0.119
350 0042 0.050 0057 0064 0070 0076 0.089 0.100 0.109 0.116
375 0040 0.047 0054 0060 0067 0073 008 009 0105 0.113
400 0037 0044 0051 0.057 0063 0069 0082 0093 0102 0.110
425 0036 0042 0049 0.055 0061 0066 0.079 009 0.099 0.107
450 0034 0040 0046 0.052 0058 0063 0076 0086 0.09 0.104
475 0032 0038 0.044 0.050 0.055 0061 0073 0083 0.093 0.101
500 0031 0036 0042 0048 0053 0058 0.070 0080 0.090 0.098
525 0029 0035 0040 0046 0051 005 0067 0078 0.087 0.095
350 0028 0.033 0039 0044 0.049 0054 0065 0075 0.084 0.092




Table

~ Variation of F> with m" and n’

m
n 1.0 1.2 1.4 1.6 1.8 2.0 2.5 3.0 3.5 4.0

375 0027 0032 0037 00M2 0047 0052 O00e3 0073 0082 00090
6.00 0026 0031 0036 0D 0045 0050 0060 0070 0079 0087
6.25 0025 0030 0034 0039 0044 0048 0058 O0068 0077 OUOBS
650 0024 0029 0033 0038 0042 0046 0056 0066 0075 0083
6.75 0023 0028 0032 0036 0041 0045 0055 0064 0073 00D
7.00 0022 0027 0031 0035 0039 0043 0053 0062 0071 0OTS
.25 0022 0026 0030 0034 0038 0042 0051 0060 0069 0076
750 0021 0025 0029 0033 0037 0041 0050 0059 0067 0074
.75 0020 0024 0028 0032 0036 0039 0048 0057 0065 0072
500 0020 0023 0027 0031 0035 0038 047 0055 0063 0071
825 0019 0023 0026 0030 0034 0037 046 0054 0062 0069
830 0018 0022 0026 0022 0033 0036 0045 0053 0060 0067
873 0018 0021 0025 0022 0032 0035 0043 0051 0059 D66
200 0017 0021 0024 002 0031 0034 0042 0050 0057 0064
2235 0017 0020 0024 0027 0030 0033 0041 0049 0056 D63
950 0017 0020 0023 00X 0029 0033 040 0048 0055 0061

975 0016 0019 0023 00X 0029 0032 0039 0047 0054 0060
1000 0016 0019 0022 0025 0028 0031 0038 0046 0052 0059
2000 0008 0010 0011 0013 0014 0016 0020 0024 0027 (00031
5000 0003 0004 0004 0005 Q0 00 0008 0010 0011 0013

10000 0002 0002 0002 0003 0003 0003 004 0005 0006 0006,




Tablo [continued)
m'
o 4.5 5. 5.0 2.0 8.0 O T0.iD Z5.0 BLD T D0l
025 0053 0053 0053 0053 0053 0053 0053 0053 0053 0.053
050 0087 0087 OO0EE 0088 O0O0S8 OO0OEE 0038 0088 0088 0.088
75 ol o 0109 il Gl ol el Q11 @il 0111
.o 0121 122 0123 G123 0124 0124 0124 0125 0125 0125
.25 0128 130 0131 @132 132 0133 133 0134 0134 0134
[.5¢ 0132 134 0136 G137 138 0138 0139 0140 0140 0140
.75 0134 (136 0138 0140 0041 0142 0042 0144 Q144 0145
200 0134 013 0139 0041 143 004 0045 0147 0147 0U14B
225 0133 003 0140 0142 Ol 045 0146 0149 0150 0.150
250 0132 135 0139 42 Ol 0046 047 00151 Al 0.151
275 0130 033 0038 l42 Ol 046 047 00152 QU152 0153
300 0127 013l 0137 014l Gl 0045 0047 00152 0153 0154
325 012y 0129 0135 04D 143 045 0147 0153 014 0154
350 0122 0126 0133 138 142 0l l4s 0153 U155 0.155
375 0119 024 0131 I3 4l 0143 4 0154 QU155 0U155
400 Olle 0121 0129 0135 G139 0042 0145 0154 0155 0156
425 0113 119 0127 L1333 13 0.141 0144 0154 0156 0156
450 Ol110 @lle 0125 i3] i3 004 143 0154 015 0.156
475 0107 Q113 0123 I30 ll3s 03 42 0184 Olss 00157
500 00105 G4l 0120 0128 G133 0137 014 0154 0156 0.157
525 0102 008 Ol118 l26 @13l 0136 0139 0154 0156 0157
550 0099 006 0116 0124 G130 0134 138 0154 015 0157




Tabla [continued)
m'

o 4.5 B.D .0 ) 8.0 0. T0.D Z5.0 BLD T D0l
575 0097 103 Q113 0122 U2 0133 ulde 0054 QU157 0157
600 0094 O0l01 0111 G20 126 0.131 o135 0153 Q157 0157
625 0092 0098 0109 0118 G124 0129 3134 0153 Q157 0158
650 000 0096 0107 0116 OG22 0128 G132 0153 Q157 0158
6,75 0087 0094 0105 0114 42l 0126 0131 0153 QU157 0158
TOO0 OO0 0092 0103 0112 4119 0125 dl29 0152 0157 0158
725 0083 000 0101 Al 117 0123 128 0,152 0157 0158
T50 00K G088 0099 0108 alls 0121 G126 0152 O.156 0.158
775 0079 Qo086 0097 010 Oll4 0120 @125 0151 Q156 0158
B0 0077 0024 00895 0104 OQll2 0118 G124 0151 Q156 0158
825 007 0082 0093 0002 4ll0o 0117 122 0150 0156 0158
E50 0074 0020 0091 0001 Ql0f 0115 @121 0150 0156 0158
875 0072 0078 0089 0099 4007 0014 G119 0050 0156 0158
900 0071 0077 O0EE 0097 0105 o112 Glls 0149 Q156 0158
925 0069 0075 0086 009G OI4 0110 Glle 0149 0156 0158
950 00682 0074 OO085 0094 @102 00109 Q15 0148 0156 0158
975 0066 20072 0083 0092 G100 0107 G113 0148 Q156 0158

[0 0065 0071 0082 0091 0099 O006 G112 0147 Q156 0158
200 0035 0039 046 0053 0059 0065 0071 0124 0148 0156
5000 0014 006 0019 0022 0025 0028 0031 0071 Q113 0142
10003 0007 0008 O010 ©011 0013 0014 0016 0039 0071 0113




L/B D;/B pe, = 0.3 e = 0.4 pe, = 0.5

l 0.5 0.77 0.82 0.85
0.75 0.69 0.74 0.77
I 0.65 0.69 0.72
2 0.3 0.82 0.86 0.89
0.75 0.75 0.79 0.83
l 0.71 0.75 0.79
3 0.5 0.87 0.91 0.93
0.75 0.81 0.86 0.89

I 0.78 0.82 0.85
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1.0
Table Representative Values of the Modulus of
Elasticity of Soil
0.9 - E
Soil type kN/m?
Soft clay 1800-3500
Hard clay 6000-14.000
0.8 - Loose sand 10,000-28,000
Dense sand 35,000-70,000
0.7 - Table Representative Values of
Poisson’s Ratio
Type of soil Poisson’s ratio, p,
0.6 - Loose sand 0204
' Medium sand 0.25-04
Dense sand 0.3-0.45
Silty sand 0204
Soft clay 0.15-0.25
0.5 , , ——— , Medium clay 0.2-0.5

0.1 0.2 04 06 081.0 2.0
D;/B



Example

A rigid shallow foundation 1 m * 1 m in plan is shown . Calculate the elastic
settlement at the center of the foundation.

Solution

Given:B=1mand L=1 m

H=5m= 5(B)=5(1) (which is

smaller=2)

2 Es{l}j‘f
E =

5 —

B (am&)(z) + (6000)(1) + (10,000)(2)

= 8400 kN/m?

5

M
1 Ao = 200 kN/m?
l m |
2
|l { lm* 1lm E, (KN/in“)
L L T N
X )] I L
|
|
|
|
~— 8000 —=
|
p, =03 |
|
|
|
2 ==l
|
~— 6000 —~!
|
|
3 | |
L T /1
|
|
|
|
|
=— 10,000 ———
|
|
|
|
5 |
b, FiD Fi 4 -f“_t ad J . d L] F h'__u"_( "f"t‘. FAT oyl .f“_t‘ 4 e 4
. - Py e M L P T T C e T, S T S -
L] b L] _Ildla-: s L e "] :*‘,_Ild'b: - b 1-: ",_lld'b:'- [ *] I
J1“--. l. L _,'l.-h. LY l. *. " ﬁ; [ l. L™ o b L 9 1‘-.1?" 'I--u. 'h L 9 .-". LY J'L-'h_.‘ L 9 (S II L
o :‘I."" "R::}Ck K Ty l‘:"z.{':m]' ! “" I"“.



For the center of the foundation,

a =4
_L_1_,
"TB T
o2 = 10
ONON
2 2
From Tables , F, = 04985 and F; = 0.016.
1 — 2,
I,=F + —F,
I —
1 — 0.6
= 0.498 +

5 (0.016) = 0507



Dy L
Again, 31 1, B I, p, = 0.3. From Table I; = 0.65. Hence,
I — 5

5

1\/1—0.3°
= [200](4 X —)( )[D.SD?](D.E}S] = 0.0143 m = 14.3 mm
2 8400

Se(flexible) = Ao (aB'") I Iy

Since the foundation is rigid, from Eq. (11.9),
S.(rigid) = (0.93)(14.3) = 13.3 mm



A (5m x 10m) rectangular flexible foundation is placed on two layers of clay,
both 10m thick as shown in the figure below. The modulus of elasticity of the upper

layer is 8 MN/m* and that of the lower layer is 16 MN/m*. Determine the immediate
seftlement at the center of the foundation using:
Elastic Theory Method.

75 kN/m’
1 S
10m "1 E, = 8MNm, u, =0.3
k J
F
10m Ey2 =16 MN/m’, 11, =0.3
Y

Ans §,=36 mm






	Slide 1: University of Baghdad College of Engineering Civil Engineering Department
	Slide 2
	Slide 3: Compressibility of Soil
	Slide 4: Types of Soil Settlement
	Slide 5: Total Settlement 
	Slide 6: Elastic settlement
	Slide 7: Elastic settlement
	Slide 8: Elastic settlement
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21: Example  A rigid shallow foundation 1 m * 1 m in plan is shown . Calculate the elastic settlement at the center of the foundation.
	Slide 22
	Slide 23
	Slide 24: H.W
	Slide 25: Thank you

