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Vertical Stress Increases

Chapter 8
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Point Load

A 3p7 3P 7 3P 1/2* PI
Ao, =——= = — = —
2[5 2w (R + 2 2m[(r/z)? +1]5/2 z2°
3 1
I = 2 512
2 [(rlz)* + 1]
Variation of [y [Eq. (8.19)]
lz h Wz '
0 04775 09 0.1083
0.1 0.4657 1.0 0.0844
0.2 0.4329 1.5 0.0251
0.3 0.3849 1.75 0.0144
0.4 0.3295 2.0 0.0085
05 0.2733 25 0.0034
0.6 0.2214 3.0 0.0015
0.7 0.1762 4.0 0.0004
0.8 0.1386 5.0 0.00014
Point Load
3 1
L= ) 2 512
2 |(rlz)” + 1]
L

2 1 0 1 2
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Example

A vertical point load of 25 kN is applied at the ground surface. What is the stress
increase in the ground 2 m below the ground surface directly beneath the load?

P 25 kN
Ao =—=1

— — 2
Zzl_(Zmy(a4n5) 2.98 kN/m

Variation of /; [Eq. (8.19)]

lz h Wz '
r=0,z=2 09 0.1083
0.1 0.4657 1.0 0.0844
0.2 0.4329 1.5 0.0251
0.3 03849 1.75 0.0144
0.4 0.3295 2.0 0.0085
0.5 0.2733 25 0.0034
0.6 0.2214 3.0 0.0015
0.7 0.1762 4.0 0.0004
0.8 0.1386 5.0 0.00014

Example

A vertical point load of 25 kN is applied at the ground surface. What is the stress
increase in the ground 2 m below the ground surface and 2 m to the side?

A P —25 kN (0.0844) = 0.5275 kN /m?
o=—I1 = . =0. m
z2 1T (2m)?
Variation of /; [Eq. (8.19)]

lz h Wz '

0 04775 09 0.1083

0.2 0.4329 1.5 0.0251

03 03849 1.75 0.0144

0.4 0.3295 2.0 0.0085

0.5 0.2733 25 0.0034

0.6 0.2214 3.0 0.0015

0.7 0.1762 4.0 0.0004

0.8 0.1386 5.0 0.00014
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Line Load

quj
(e + 2

Ao =

g/unit length

*’x

NOTE: q has units of kN/m Ao

Line Load

3

2gz7 2q 1 q

2/m

Ao =

Ao 2/

I =D " G/ + 1P

m@+ 22 WG/ IR 2/ IR 2

Variation of Ae/(g/z) with x/z [Eq. (8.22)]

A

xlz : xlz
qlz
1] 0.637 0.7
0.1 0.624 0.8
0.2 0.589 0
0.3 0.536 1.0
04 0473 1.5
0.5 0.407 2.0
(1.6 0.344 3.0

A
qlz
0.287
0.237
0.194
0.159
0.060
0.025
0.006
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Line Load

/- 2/
 [(x/2)? + 112

x/z

Example

A vertical line load of 8 kN/m is applied at the ground surface. What is the stress
increase in the ground 4 m below the ground surface directly beneath the load?

q 8 kN/m 2
Ao=—-1= (0.637) = 1.274 kN/m
z 4m
Variation of Ae/(g/z) with x/z [Eq. (8.22)]
A A
xlz l xlz l
q/z q/z
x=0,2=4 07 0.287
0.1 0.624 0.8 0.237
0.2 0.589 0 0.194
0.3 0.536 1.0 0.159
04 0.473 1.5 0.060
0.5 0.407 2.0 0.025
0.6 0.344 3.0 0.006
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Example

A vertical line load of 8 kN/m is applied at the ground surface. What is the stress
increase in the ground 4 m below the ground surface and 2 m off to the side?

q 8 kN/m
Ao =—-1= (0.407) = 0.814 kN/m?
z 4m
Variation of Ae/(g/z) with x/z [Eq. (8.22)]
A A
xlz l xlz l
qiz qlz
1] 0.637 0.7 0.287
0.1 0.624 0.8 0.237
0.2 0.589 09 0.194
0.3 0.536 1.0 0.159
04 0473 1.5 0,060
Xx=2,z=4 20 0.025
0.6 0.344 3.0 0.006

Circular Loaded Area

|
Ao=gi1-—1 Loy
o q{ [(RIz} + 113’-} 7

NOTE: q has units of kN/m? or kPa

do

P
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Circular Loaded Area

Pressure = g

1
Ao =g31l————r=ql
o q{ [(RIZ)* + 1|—“1} 1

Ao 1
N VL
q [(R/2)* +1]
Variation of Aerlg with z/R [Eq. (8.24)] i3 !
z/R Awalg zIR Aolg
] 1 1.0 0.6465
0.02 0.9999 1.5 0.4240 !
0.05 0.9998 20 0.2845 [
0.1 0.9990 25 0.1996 v da
0.2 0.9925 3.0 0.1436
0.4 0.9488 4.0 0.0869 X
0.5 0.9106 5.0 0.0571 ?
0.8 0.7562 :
Circular Loaded Area
Ao/q
0 0.2 0.4 0.6 0.8 1 1.2
0 . ,
0.5
1
15
2
z/R 25
3
35
4
45
5
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Example

A uniform load of 80 kPa is applied at the ground surface over a circular area
with a diameter of 8 m. What is the stress increase directly beneath the center
of the loaded area at a depth of 8 m?

Ao = ql = (80 kPa)(0.2845) = 22.76 kPa

Variation of Aerlg with z/R [Eq. (8.24)]

z/R Aalq zIR Aol g

0 1 1.0 0.6465

0.02 (.9999 1.5 0.4240

0.05 0.9998 z=8,R=4

0.1 0.9990 2.5 0.1996

0.2 0.9925 3.0 0.1436

0.4 0.9488 4.0 0.0869

0.5 0.9106 5.0 0.0571

0.8 0.7562

Circular Loaded Area
ELAN
q
Vanation of [; [Eq. (8.25)]
r/R

FL o 0.2 0.4 0.6 0.8 1.0
0 1.000 1000 1.000 1.000 1.000 L0000
0.1 0.999 0.999 0998 0.996 0.976 0.484
0.2 0.992 0.991 0987 0.970 (LRG0 0,468
0.3 0.976 0973 0.963 0.922 0.793 0.451
0.4 0.949 0.943 0.920 0.860 0.712 0,435
0.5 0.911 0902 0.869 0.796 0.646 0.417
0.6 0,864 0.852 0814 0.732 0.591 0,400
0.7 0811 0.798 0.756 0.674 (1.545 0.367
0.8 0.756 0.743 0.699 0.619 01.504 (L3660
LR 0.701 (L.OBR .644 0.570 0467 0.348
1.0 0,646 0.633 01.591 (.525 0.434 0.332
1.2 0.546 0.535 0.501 0.447 0.377 0.300
1.5 0.424 0416 0.392 0,355 0.308 0.256
2.0 0.286 0.286 0.268 0.224 0,196
2.5 0.200 0.197 191 0,180 0167 0.151
3.0 0.146 0.145 0.141 0.135 0.127 0118
4.0 0.087 0.086 0.085 0.082 0,080 0,075
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Example

A uniform load of 80 kPa is applied at the ground surface over a circular area
with a diameter of 8 m. What is the stress increase 2 m below the ground surface
at a radial distance of 4 m from the load centerline?

Ao = ql, = (80 kPa)(0.417) = 33.36 kPa

Vanation of [; [Eq. (8.25)]

rfR
IR 0 0.2 0.4 0.6 0.8 r=4=R
0 1.000 1.000 1.000 1.000 1.000 L.000
0.1 0.999 0.999 L9498 0,996 0.976 0,484
0.2 0.992 0.991] 0.YR7 0.970 LRG0 0,468
0.3 0.976 0973 0.963 0.922 0.793 0451
04 0.949 0.943 0.920 0,860 0712 (1435
7= 8, R=4 0.911 0902 0.869 0.796 0.646
0.6 0.864 1.852 0814 0.732 0.591 (.400)
0.7 0.811 0.798 0,756 0.674 0.545 0,367
0.8 0.756 0.743 0.699 LN B 0,504 0,366
04 0.701 (.688 0.644 0.570 0.467 (.348

Rectangular Loaded Area

Ao = ql;
L L{ 2w NVm? + 0>+ 1 (m? + a2+ 2
T am w2+ 2+ I\ 4+ 1

L 2m'a N m't A+t 4]
+ tan = - e
m-+n"—mn +1

ATAN2(m'? + n'?2 —m"?n'2 + 1,2m'n'ym'2 + n'2 + 1)

)
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Example

A uniform load of 80 kPa is applied at the ground surface over a rectangular area
with a length of 5 m and a width of 2 m. What is the stress increase beneath the
corner of the loaded area at a depth of 10 m?

o R
! B — 2 — 0 2 i EES -~
T
w1 = : -:\\ &
o L —_— 5 —_ O 5 LIt 3
n=77 10 =
Ao = qly = (80 kPa)(0.04) = 3.2 kPa ' — NS
PESEEEE = = e S
Varistion of Jy with m' and »'
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Example

A uniform load of 80 kPa is applied at the ground surface over a rectangular area
with a length of 5 m and a width of 2 m. What is the stress increase beneath the
corner of the loaded area at a depth of 10 m?

SN ES
,_B_5_05 e ais, g
mEZz 10"
'—L—2—02
Tl—; E—.

Ao = ql; = (80 kPa)(0.04) = 3.2 kPa

Rectangular Loaded Area

[ ]
S

L
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Rectangular Loaded Area

T
1
1
i
! B/2
1
4
A’
i
i B/2
1
1
H
Ao =ql,
Variation of f. with my and n) [Eq. (8.33)]
m=1/B
z/(B/2) = m 1 2 3 4 5 B 7 8 9 10
0.20 0.994 0.997 0997 0997 0997 0.997  0.997 0.997 0.997  0.997
040 0.960 0976 0977 0977 0977 0877 0977 0977 0977 0977
0.60 0892 0932 0936 0936 0937 0937 0937 0937 0937 0937
0.80 0,800 0870 0878 0880 0.88] 0881 (.881 (.881 0.881 (.88]
LOO 0701 0800 0814 0817 0818 0818 0818 0818 0818 0818
1.20  0.606 0727 0748 0753 0754 0.755 0755 0755 0755 0.755
140 0522 0658 0685 0692 0694 0695 0695 0696 0.696  0.696
1.60 0.449 0.593 0.636  0.639 0.640  (0.641 0.641 0.641  0.642
1.B0 0388 0.534 0.585 0590 0591 0592 0592 0593 0593
2,00 03306 0.481 0525 0540 0545 0547 0548 0549 0549 0549
300 0179 0293 0348 0373 0384 0389 0392 0393 039 0395
4.00) 0108 0. 190 0.241 0269 0285 0.293 0.298 0.301 0.302 0303
500 0072 0,131 0.174 0.202 0.219 0,229 0,236 0,240 0242 0244
6.00 0.051 0.095 0,130  0.155 0.172 0.184  (.192 0.197 0,200 0,202
7.00 0038 0072 0100 0122 0139 0150 0158 0164 0168 0171
8.00 0029 0.056 0079 0098 0113 0125 0133 0139 0144 0.147
9.00 0023 0.045 0064 0081 0094 0105 0113 0119 0124 0.128
10,00 0,019 0.037 0053 0,067 0.079 0089 0087 0,103 0108 0112
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Example

-area is shown in Figure 8.15a. Determine
"atadepthz =4 m.

Example

i1
i

006

i

002

Ao = ql; = (150 kPa)(0.12) = 18 kPa

0
oo 1.0

Flgure 813 Variation of ; with m’ and n”
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Example

3 A m T a2 I\ w2+ 1

s A i’
1 [2m'n’ V' + 0+ 1 fm’z + a2 o 2m'a’ N m? 4 + ]
I + tan

m?+nt—mn? + 1

m'n’ = (1)(0.5) = 0.5

m?=12=1 n'? = 0.52

m'?n'? = (1)(0.25) = 0.

=0.25

25

2(1)(0.5)VI +0.25 + 1

1 [2(DO5)VT+0.25+1 (1+0.25 +2 »
37 4m| 1+0254+025+1 \1+025+1

1+025-025+1 > = 0120175

Example

Im
i ;

—2—05
=2=0

Ao = ql; = (=150 kPa)(0.048) = —7.2 kPa

Variation

of y with m’ and n
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Example

is shown in Figure 8.15a. Determine
atadepthz =4 m.

Ac =18.0—-7.2=10.8kPa
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