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NOTATION
C = cohesive strength of soil, pounds per square feet
D = diameter of caisson foundation, feet
F = latenl soil reaction at toe of caisson in granular soil, kips

My = passive resistance of cohesive soil to lateral forces In upper portion of caisson, kips
Hy = passive resistance of coliesive sail to lateral forces in bottom portion of caisson, kips

Kp = passive garth pressure coefficient

L = length of caisson embedment, feet
M = external moment at top of foundation from pole, kip feet
N = number of blows per foot from standard penetration test

P = extemnal vertical load at top of caisson, kips

Pp = vertical bearing at caisson base, kips

Pr = vertical skin [friction along perimeter of caisson, kips

" Q = external Jateral load at top of caisson, kips

Y| = length of upper portion of caisson in cohesive soil which resists lateral forces, feet
Yy = length of bottom porticn of caisson in coliesive soil which resists lateral forces, feet
qu = unconfined compressive strength of soil, kips per square feet

& = unit weight of sail, pounds per cubic feet :

@ = angle of internal friction of soil, degree

* Although the Information in this manual Is based on the best available knowledge, use of the material
hereln can only be made with the understanding that United States Steel Corporation makes no warransy
of any kind respecting such use and the user assumes afl labillty arising therefrom,

G

TAPERED STEEL POLES CAISSON FOUNDATION DESIGN

The market for tapered steel poles which support transmission lines is increasing ata
rapid rate, The narrow right-of-way requirements, the case of erection, and the fact that the
pole, wheh finished with the proper color, blends into any background, are among the many
advantages of pole structures, ’

The design of the foundation for a single pole with one end embedded in the ground
and subjected to fateral loads has been a subject which has received a considerable amount of
attention. The pole foundation is not only subjected to axial forces, but to bending mo-
ments and Jateral forces as well. However, the effects of the axial force on the foundation

* is usually secondary compared to the effects of the bending moments.

U. 5. Steel is presenting the enclosed tables as o guide to designing caisson founda-
tions for tapered steel poles that carry transmission lines. The analysis of the foundation
reactions is based on the theory presented by Bengt B. Broms in the Journal of the Soil
Mechanics and Foundations Division of the Proccedings of the American Society of Civil
Engincers.* Teng and Associates has adapted the Broms' method of analysis to caisson de-
sign, and the enclosed tables are presented with the following assumptions and limitations:

1. The foundation is embedded in & soil mass which is homogenous and
isotropic.

2. The cohesive strength of clay is tuken to be equal to one-half of its un-
confined compressive strength.

3. The plane of bending of the pole and foundation are in the same plane as
the loads.

4. Broms’ assumptions for the distribution of the soil reactions at ultimate
load for foundations In granular and cohesive soils are applicable.
These are shown in Figures 1 and 2.

&

. The effect of the vertical load is ignored.

&

The bending moments at the top of the foundation shown in Lhe table is
dependent upon the magnitude and the height of the applied Iateral force,
It s assumed that the lateral force is applied fifty feet above grade, Using
these tables for poles, where the applied lateral force is higher than fifty
fcet, yiclds conservative resubts.

~J

At ultimate load, the bending moment, due {o lateral loadings, ot any sce-
tion of the foundation is equal to or less than the ultimate resisting mo-
ment at that section.

8. Only circular reinforced concrete foundations with reinforcing bars ar-
ranged in a circular pattern are considered. The ultimate strength is
based on Eq. 19-11 of the ACI Standard Building Code Requirements for
Reinforced Concrete (ACE 318-63).

* Proceedings 3825, Volume 90, SM2, March 1964, pp. 22-63 and
Frocecdings 3909, Volume 90, SM3, May 1964, pp. 123-156.
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Fig. 1.0. Foundation in Granular Soil
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Flg. 2. Foundation in Coliesive Soil
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9. An overloml fnctor must be assigned to the transmission line force to es-

tablish design loads,

The tables are limited to concrete having an ultimate compressive strenglh,fé=3.000
psi, and reinforcing steel having a specificd minimum yield point, l‘y = 60,000 psi. The values
of the soil constants §§ or qu may be determined by laboratory test of soil samples or may

be estimaled if the results of n stendurd penetration test on the soil in situ is avaifable,

I. Angle of internal friction Phi, @, {depree) of course grained soil. This may
be estimated for clear sand as

wliere

N = number of blows per foot of o 140-pound hammer falling 30 inches
onlo a 2" Q.I3. split spoon sampler, (Standard Penetration Test)

@ 28,5% 4

N
4

Phi, @, may also be obtained from Figures 3 or 4,

The relationship between the in-place unit weight of soil, 3, and the angle of Internal
friction, @, shown in the enclosed tables for granular soils Is based upon the following values:

{Peak, Hansen and Thornburn, Foundation Engineering)
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Compacipasy Yery loose

Loosa IM-dlmu Denns Veary deonie

Relative donsity D 15[% 35l% 65% 85% 100%
Standord peneiration @ 4 10 30 50
tost,
N = no. of blows
por loot
B {dogrees)* 28 3 38 11 !
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Fig. 4. N vs. @ values ‘
{Teng, W.C, Foundation Design, 1962)

2. The unconfined compressive strength of cohesive soils, qu, should be ob-

tained by laboratory tests, but an approximate value may be estimated from
the relationship:

qu =§ (qu In kips per sq, ft.)

or be obtained from Figure 5.

Convlatency Vary aclt Soft Madlum SHli Very ot Hard
qu = unconfined 0.50 1.00 2.00 4.00 8.00
tompression

streagth, kips
per square [,
Stondord panetration @

.
£
L=+
-
(5]
kI

test,
N = no. of blows
per 1,
Unit weight, pcf 100-120 110.130 120.140 130+
(saturated) .
1dentification Exudas Molded Moldad Indantad  fndented  DHiffcult
cheracterisile s rom by light by strong by thumb by thunk  to Indent
" batwaen linges finger * natl by thumb |
lingers PFOSIura Prossure noll
when
tquesred
: in hond
Fig. 5. N vs_ qu values
- {Teng, W.C. Foundation Design, 1962}
i
3. The bending moment at ground surfaces in kip-feet Is determined by tnL

ing the estimoted transmission line force times its distance to the top of

the foundation. Since ultimate design is used, an appropriate overload

factor must‘be applied-to the transmission line force when using the tables.
[

©

4, The caisson dinmeler is determined by the equipment available, costs, and
overlurning foree.

Example Problems

1. Gronular Soil

Given: phi=p = 34°
pole height = 80 [cet
line force = 20 kips
overload factor = 1.5
Solution: -
moment at ground = 1.5 (20 x 80) = 2400 kip-- It
from tables that follow, using a 48 Inch diameter caisson
lengtly of embedment = 15,71 feet
area of steel = 44,60 sq. In,
theoretical cutof[ point for 1/2 of the reinforcing steet = 12.91 ft.
volume of concrete = 7,31 cu, yd.

2. Cohesive Soil

Given: unconfined compression (qu) = 2 kips per sq. ft.
pole height = 60 feet '
line foree = 30 kips
overload fuctor =2

Solution:
moment at ground = 2 {30 x 60) = 3600 kip - {t
from tables that follow, using a 60 inch diameter caisson
length of embedment = 28.42 feet
area of steel = 55,97 sq. in.
theoretical cutoff point for 1/2 of the reinforelng steel = 18,76 ft,
volume of concrete = 20.66 cu. yd.



POLE FOUNDATION IN GRANULAR SOIL ; POLE FOUNDATION IN GRANULAR SOIL

MINIMUM POLE HEIGHT = 50 FEET. ULTIMATE DESIGN

MINIMUM POLE HEIGHT = 50 FEET, ULTIMATE DESIGN = . ;o A
DIA. STEEL REINF = DIA. CAISSON ~ 10 W, , ({ = 3.0kS1 , 1 = 60 Kt . PIA. STEEL REINE = OIA. CAISSON ~ 10 IN. , ({ = 3.0kl , 1, = G0 Ks|
. ' I m ‘-@. CAISSON MOMENY AT ANQ, OF INT, LENQTH OF ANCA OF POINT OF T VOLUME OF
CAIsSON MOMENT AT ANG, OF INY,  LENGTH OF ANEA OF POINT OF VOLUME oF DIAMETER CIOUND FMETION EMUEDKENT STCEL CUTOFF CONCRETE
DIAMETER grouND FRICTION EMDEDMENT STEEL CUTOFF - CONCRETE e {KIIET) @ (BED. prasgs 150, th.) fretd (cu, ¥Ds.)
HNL) 1R1P-FT,}) ¢ (DEG,] IFT.} (59, 18,1 {FT.0* {cu, vps.)
24 100 26.0 780 87 e ol 36 00 . 26.0 13.45 18.81 t1.01 3.52
#0 78 i 832 o 30,0 1227 1270 10.02 321
S 23 Y 3o 5 34.0 1120 18.61 9.13 2,93
380 507 483 82 70 } 38.0 10.23 18.53 8.33 2.68
200 26.0 0.95 0.8 8.10 16 { - 800 26.0 14,01 21.56 11.57 3.69
280 S 582 8.10 116 30,0 12.86 21043 10.52 337
oo 0 . - - : : < 340" 11.74 21.32 9.50 3.07
34.0 231 023 - oM 27 80 1072 um 8714 23
‘ : : : . f , )
100 260 1o 14.83 038 | b 900 26,0 14.73 24,33 12.08 3.86
30,0 13.42 24.17 10.99 3.5]
380 a4 I H-1 38.0 118 23003 9.12 2.93
100 26.0 12,73 19.89 1041 1.48 1000 26.0 15.30 27.i0 12.56 4.00
: J 30.0 13,94 26.93 1142 3.65
| 300 11.61 19:29 9.48 1.3 . 34.0 12.72 26.77 10.40 3.33
¥ gg-g *g-gg {gzg §gg : fg 38.0 11.61 26.64 9.47 3.04
500 260 1379 24,99 10 L0 1200 26.0 16.34 32.69 13.44 4.28
30.0 14.88 32.46 1221 3.90
30,0 12,57 24.34 1028 1.46 oy e ey 1 330
310 ioqy  m e 34 380 1239 3208 10.12 3.24
600 26.0 14.73 30.12 12.08 171 O B , 1400 3.0 7.28 3832 1423 332
30,0 13.42 29,93 10.99 1.56 : { . : ' ' .
A 34.0 14.35 3777 11,76 176
R RT3/ A 142 38.0 1309 3755 107 343
10 400 26.0 1176 13.86 9.60 214 42 1000 26.0 14.47 21.93 11.86 5.16
30.0 13.19 21,80 10.79 170
30.0 1073 13.80 8.74 1.95 _ L4
34.0 12.04 21.68 983 429
5 a5 132 4 18 320 10.99 21.58 8.96 3.2
500 26.0 1273 1740 1041 24y 1200 26.0 15.45 26.45 12:69 5.51
. . 300 14,08 2627 11.54 5.02
30.0 11.6] 17.31 948 : 211
: 34.0 12.85 26.12 1051 4,58
e 1960 K Bos 123 380 1172 25.98 9.57 418
. . 717 7.88 | . - : ' . .
600 26.0 13.59 20.97 (13 247 1400 26,0 16.34 30,99 13.44 5.82
, 30,0 14.88 3077 1221 530
30,0 12,39 20.85 10013 225
34.0 13,57 30.58 1112 4.34
ER 163 218 o33 1o } 38.0 1239 3041 10.12 4.41
00 . 26.0 14.36 2455 118 2.61 | 1600 26.0 17.15 33.56 11.12 6.11
30.0 15.62 35,29 12.83 5.57
30.0 13.09 2441 10.71 238
340 14.24 35.06 11,67 5.07
gg-g }(‘Jgf gjfg ggg %;g 380 12.99 34.85 10.63 3.63
' ) ) ' ' : ) 16 4. 6.38
800 2%6.0 15.07 28.16 12,37 2.74 1800 280 el 028 13 o3
30.0 13.73 27.08 11.25 2.50 34.0 14.86 39 56 12.19 5.20
e 1323 318 1923 228 \ 38.0 13.55 39.31 11.10 4.83
0 . . X .
’ ' ! B et o v a,- - -63
900 26.0 1573 3178 12.92 2.86 % I 2000 s Fxd s 1353 oo
( , 30,0 16.94 44.40 1304 6
30,0 14,33 31,56 1175 2,60 5 S0
300 433 3156 s 260 340 15.44 44.07 12.68 350
38.0 11,93 3121 9.74 217 38.0 1.07 43.79 t.53 50

-‘DJSTANCE FROM GROUND SURFACE TO THEORETICAL CUTOFF POINT OF ONE-HALF STEEL AREA.
‘DISTANCE FROM GROUND SURFACY TO THEORETICAL CUTOFF POINT OF ONE-HALF STEEL AREA. HE
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POLE FOUNDATION [N GRANULAR SOIL

MINIMUM POLE HEIGHT = 50 FEET.

DIA. STEEL REINF = DIA. CAISSON ~ 10 IN. . 1 = 3.0 kSI

-AISSON MOLENT AY
IAMETER QROUKND
{in.) TRAP-FY,]

48 1600
1500

2000

2200

2400

E 2600

54 2200
2400

2600

2800

L

" 3000

1

3200

|;|.

ANO, OF INT,
FRICTION
B {DEQ.}

26,0
* 0.0
34.0
38.0

26.0
30.0
34.0
33.0

26.0
30.0
34.0
© 380

26,0
30.0
34.0
38.0

26.0
30.0
34.0
38.0

26.0
30.0
34.0
38.0

26.0
30.0
34.0
33.0

26.0
30.0

. 340
- 380

26.0
30.0
34.0
38.0

26.0
30.0
4.0
38.0

26.0
30.0
34.0
g0

26.0
30.0
34.0
8.0 *

LENGTH OF
EMBEDMENT
(FT.

16.34
14.88
13.57
12,39

17.06
15.53
14.16
12,92

17.72
16.13
14.71
13.42

18.35
16.70
15.22
13.88

18.95
17.24
15.71
14.32

19.51
17.75
16.17
14.74

17.58
16.00
14,59
13.31

18.15
16.52
15.06
13.73

18.69
17.00
15.50
14.13

19.20
1747
15.92
14.51

19.70
17.92
16.32
14.88

20.17
18.34
16.71
15.23

ULTIMATE DESIGN

AREA OF
STEEL
150, INL1

29.82
29.61
2943
29.26

33.67
3342
33.20
33.00

37.54
37.24
36.98

36,76 .

41.43
41.08
40.78
40.52

45.33
44.94
44.60
44.30

49.25
48.81
48.43
48.09

35.64
35.36
3s.11
34.90

38.99
38.67
38.39
38.15

42.35
41.99
41.68
41.41

45.73
4533
44.98
44.67

49.12
48.68
48.29
47.95

52.53
52,04
51.61
51.23

oty

POINT OF
CUTOFF
tFr*

13.44
12,21
1112
10.12

14.04
12.75
11.6]
10.57
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THSTANCE FROM GROUA‘ID SURFACE'TO THEQRETICAL CUTOFF POINT OF ONE-HALF STEEL AREA.
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POLE FOUNDATION IN GRANULAR SOIL

MINIMUM POLE HEIGHT = B0 FEET.
DiA. STEEL REINF = DIA.CAISSON - 10 IN, , f:; = 3.0Ks! , 'V = 60 KSI.

MOMENY AT
oROUND .
IRIPSFT,}

2800
3000
3200
3400
3600
3800
'3400
3600
3800
4000
4200

4400

ANQ, OF INY,
FRICTION
¥ [DEQ.)

260
30.0
4.0
is.0

26.0.
30.0

340 -

38.0

26.0
30.0
34.0
3.0

26.0
30.0
34.0
38.0

26,0
30.0 |
34.0
380

26.0
300
34.0
38.0

26.0
30.0
34,0
38.0

26.0
30.0
34.0
80

26.0
30.0
34.0
38.0

26.0
30.0
34,0
38.0

26.0
30.0
34.0
38.0

26.0
30.0
34.0

. 38.0

LENATH OF
EMBEDMENT
{FT.)

18.47
16.81
15.32
13.97

18.95
17.24
15.71
14.32

19.40
17.65
16.08
14.66

19.84

18.05 -

16.44
14,99

20.26
18.43
16.79,
15.30

20.67
18.80
17.12
15.60

18.55
16.89
1539
14,03

18.95
17.24
1571
14.32

19.33
17.58
16,02
14.61

19.70
17.92
16.32
14.88

20.05
18.24
16.61
15.14

20.40
18,55
16,90
15.40

ULTIMATE DESIGN

AREA OF
STEEL
154, N}

40.09
39.76
3947
39.21

43.06
42.69
42.37

42.08 -

46.04
45,63
4528
44,96

49.03
48.58
48,19
41.85

52.03
51.54
51.11
50.74

55.03
54,50
34.04
53.64

39.28
38.95
38.66
384t

41.67
41.31
41.00
40.73

44.07
43.68
43.35
43.05

46,48
46.06
45.70
4537

48.90
48.44
48.05
47,70

51.32
50.83
50.41
50.04

POINY OF

CUTOQFF
P10

1523
13.83
12.58

11.45 -

15.63
14.19
12,91
11.74

16.02
14.54
13.22
12.02

16.39
14,87
13.52
12.30

16.74
15.19
13.81
12.56

17.09
15.50
14.09
12.81

15.30
13.89
12.64
11.50

15.63
14.19
12.91
11.74

15.95
14.48
13.17
11.98

16.26
14.76
13.42
[2.21

16.57
15.03
13.67
12.43

16.86
15.30
13,90
12.64

VOLUME OF
" CONCAEYE
1CU, YOS,)

13.44
12.23
I1.14
1016

13.78
12.54
11.43
10.42

14.11
12.84
11.70
10.66

14.43
13.12
11.96
10.90

14,74
13.40
12.21
1112

"15.03
13.67

w
-

—— e Bt e e s
RO Amp o oo
o
w

5.29

"DISTANCE FROM GROUND SURFACE YO THEORETICAL CUTOFF POINT OF ONE-HALF STEEL AREA.
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POLE FOUNDATION IN COHESIVE SOIL

MININUM POLE HEIGHT = 50 FEET,

DIA. STEEL REINF = DIA. CAISSON ~ 10 IN. , } = 3.0 ks

CAISSON MOMENY AT

DrAMETER GROUND
.l [KIP-FT,)

74 100

200

300

30 400

500

600

700

800

900

UNCONFINED
COMPRESSION
qulSF)

LENOTH OF
EMPEDMENT

(FT.1

13.17
10,09
7.97
6.49

17.67
13.17
10.09

1.97

21,25
15.59
11.75

2.2

24.35
17.67
12,17
10.09

27.15
19.54
14.44
10.96

29.74
21.25
15.59
11.75

22.77
16.87
12.86
10.12

25,24
18.52
13.99
10.89

27.51

©20.04

15.02
11.60

29.64
21.45
15.97
12,25

31.65
22,1
16.87
12.86

33.57
24,03
17,71
13.44

ULTIMATE DESIGN |

AREA OF
STEEL
{50, IN,]

5.07
5.06
3.05
5.05

10,18
10.14
10.12
10.11

15.33
15.24
15.19
1517

20.53
20.36
20.28
20.23

25.77
25.50
25.37
25.30

31.05
30.67
30.48
30.38

14.52
14.43
14,38
14.36

18.21
18.06
17.99
17.95

21.93
21.71
21.61
21.55

25.66
25.37
25.23
25.16

29.43
20.05

28.86

28.76

33.21
3273
3249
32.37

v 1y = GO KsI
POINT OF VOLUME OF
CUTOFF COMCRETE

LFT." fCu, vDs.y

331 1.53

6.66 1.17

5.54 .93

4.77 .75

10.78 2.06

8.31 1.53

6.66 1.17

5.54 .93

12,79 2.47

9.63 1.8

7.54 1.37

6.14 1.06

14.57 2.83

10,78 2.06

8.3 1.53

6.66 1.17

16.19 3.16

11.83 2.27

9.00 1.68

.12 1.28
17,70 3.46

12.79 247

9.63 1.81

7.54 1.37

13.97 4.14

10.66 3.07

8.48 2.34

7.02 1.84

15.38 4.59

|1.58 3.37

9.09 2.54

7.43 1.98

16.70 5.00

12.43 3.64

9,65 2.73

7.81 2.11

17.94 5.39

13,22 3.90

10,17 2.90

8.16 2.23

19.12 5.75

13.97 4.14

10.66 3.07

B.48 2.34
. 20.26 6.10

14.69 4.37

1113 3,22

8.80 2.44

“DISTANCE FROM GROUND SURFATE FO THEORETICAL CUTOFF POINT OF ONE-HALF STEEL An‘IZEA.

1)

12

CAISSON
DIAMETER
{iNG

36

42

MOMENT AT
QRAUND
{KIP-FT.}

700

800

200

1000

1200

1400

1000

1200

1400

1600

1800

2000

© UNCONFINED

COMPRESSION
quiksSF)

Phr=, A e H—
oooWw oo Do oD
T

P e
ooow

-
[=F=J=iF ]

Mo, RN BN BN B e
Do CcoLL Dok DobDi oD bobi

e
<o

MINIMUM POLE HEIGHT = 50 FEET, . .
DIA, STEEL REINF = DIA. CAISSON ~ 10 [N,

LENQTH OF
EMBEDMENT
iF1.)

28.04
20.64
15.68
1229

29.85
21.85
16.49
12.84

31.57
22.99
117.26
13.37

33
24.07
17,99
13.87

36.35
26.12
19.37
14,81

39.29
28.04
20.64
15.68

31.75
23.37
17.76
13.96

34.61
25.25
192.03
14.82

37.28
27.01
20.21 -
15.63

39.83
28.67
21.32
16.38

42.26

30,29 |

22.37
17.09

44.60
31.75
23,37
17.76

POLE FOUNDATION IN COHESIVE SOIL

ULTIMATE DESIGN
. 1] = 3.0kt

'

AREA OF
STEEL
(50, M.

19.94
19.75
19.66
19.61

22.85
22.60
2248
2242

25.77
25.46
25.31
25.23

281
28.33
28.14
28.04

34.63
34.09
33.81
33.68

40.62
39.87
39.50
39.31

23.55
23.29
23.15
23.09

28.39
28.01
27.82
2172

33.27
32,75
32.49
3236

38.19
37.51
3117
37.00

43.15
42.29
41.87
41.65

48.16
47.10
46.57
46.31

T

POINT OF
CUTOFF
(EY.E

17.31
13.09
10.35

8.52

18.36
13.97
10.79

8.82

DOM= AUDD WLOL WAGE WA

= 60 Kst

VOLUME OF
COMCRETE
cu, Yos.}

Pt
E- SN
o R

HEp
~NO

Qe whana wa
D WWwel e
SN bk e

a o ;vuiley L
OalaN W=D DR

DRI LI e B LR

SNW— oA

"DISTANCE FROM GROUND SURFACE TO THEORETICAL CUTOFF FOINT OF ONE-HALF STEEL AREA.
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POLE FOUNDATION IN COHESIVE S0IL

't MINIMUM POLE HEIGHT = §0 FEET,

CAISSON
DIAMETER
“irH,)

48

54 7

MOMENT AT

OROUND

IKIP-FT,}

1600

2200
2400
,jzsoﬁ
52200

|
P

;12400
i

2600

2800

3000

3200

UNCONFINED
COMPRES3IION
quikSF]

R BN, AR AN AN RN AR b= BRN— ANS AN= AN
SoOwn OOV OO0WL ODCoDWV OOOW DOOWw DOoOOW OOD0OWL OO0OWL COoOOoOW COCOoODWw DO

B
o

LEHQTH OF'
EMAEDMENT
{FT.

ag.22
27.89
21.06
16.44

40.46
29.35
22.03
17.11.

42.62
30.75
2297
17.74

44.70
32,10
23.86
18.34

46.71
33.40
24.72
18.92

48.67
34.65
25.55
19,48

43.10
31.34
23.62
18.42

44.97
32.56
24,42
18.97

46.79
3313
25.20
19.50

48.57
34.87
25.96
20.01

50.30
35.98
26.69

20.50°°

31,99
37.07
2740
20.98

. , ULTIMATE DESIGN
DIA. STEEL REINF = DIA. CAISSON — 10 IN. , f = 3.0K§I , |

AREA OF
STEEL
150, IN,}

32.44
31.94
31.69
31.56

36.63
36.00
35.68
35.53

40.86
40.08
39,69
39.49

45.12
44.17
43.70
43.46

49.40
48.28
47.72
47.44

53.72
52.41
51.75
31.42

39.28
38,56
38.20
8.0

43.00
42,13
41.70
41.49

46.74
45.72
45.22
44.97

50.50
49.32
4874
48.44

54.28
52.94
52.26
51.93

58.10
56.56
55.80
5541

y = 60 KS=I
POINT OF VOLUME OF
CUYTOFF LONCRETE
{FT* |G\, YOS, .
23,89 17.79
17.83 12.98
13.97 9.30
11.44 7.65
25.23 18.83
18.68 13.66
14.52 10.25
11.80 7.96
26.53 19.83
19.49 1431
15.04 10.69
1215 8.26
27.79 30.80
20.27 14.94
15.54 1110
12.48 8.54
29.02 21,74
21.03 15.54
16.03 11.50
12.79 8.8
30.22 32.65
2177 16.13
16.50 11.89
13.10 9.07
27.10 25.39
20.13 18.46
15.73 13.91
12.86 10.85
28.23 26.49
" 20.84 19.18
16.18 1439
13.16 1.17
20,34 27.56
21.53 19.87
16.62 14.85
13.44 1149
30.42 28.61
2219 20.54
17.04 15.29
13.12 11.79
31,49 29.63
22.85 21.20
1746 {572
14.00 12.08
132.53 30.63
“23.49 21.83
17.87 16.14
14.26 1236

COISTANCE FROM G.ﬁ:OUND SURFACE TO THEORETICAL CUTOFF POINT OF ONE-HALF STEEL AREA,
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POLE FOUNDATION IN COHESIVE SCIL

MINIMUM POLE HEIGHT = 50 FEET.

DIA. STEEL REINF = DIA.CAISSON - 10 IN, , 15 = 3.0KS|

CA1S30N
DIAMETER
([N IKIP-FT.}

60 2800

3000

3200

3400

3600

. 3800

72 3400

3600

3800

4000

4200

4400

MOMENT AT
GROUND

UNCONFINED
COMPRESSION
qulX$F)

P fhm, B BRe AR AN AMNe BN AR AN AN— AN—
Cow Ccoowm CoDW oCDh obow Dhow Dbk bobin Dbhbokh bobin Dobboin Do

b gl
=

LENGTI| OF
EMBEDMENT
[FT.)

47.04
34.17
25,715
20.12

48.66
33.22
26.45
20.59

50.25
36.24
27.12
21.04

51.80
37.23
27.78
21.48

53.32
38.20
28.42
21.91

54.81
39.16
29.04
22.33

49.24
36.16
27.59
21.85

- 50,60
37.04
28.17
22,25

51.94
37.89
28,74
22.63

33.25
38.74
29.30
23.00

54.54
39.56
29.84
23.37

55.81
40.37
30.38
23.73

] ey
ULTIMATE DESIGNl

ANEA OF
STEEL
150, 1IN

44.79
431.86
43.40
43.17

48.13
47.07
46,53
46.27

51.49
50.28
49.67
49,37

54.87
53.50
52,82
5248

5827
56,74
55.97
55.58

61.69

'59.98

59.12
38.69

44,98
44.06
43.60
43.37

47.74
46.71
46.19
45.94

50.52
49,37
43.79
48.50

53.30
52.03
51.39
51.07

36.10
34.70
53.99
53.64

58.91
57.37
56.60
56.21

oy

FOINT OF
CUTOFF
(FT.1*

2976
22.08
17.25
i4.12

30.75
22.69
17.64

14.38-

31.72
23.29
18.02
14.63

32.67
23.88
18.39
14.87

33.61
24.45
18.76
15.11

34.54
25.02
19.12
15.34

31.64
23.84
18.92-
15.74

3247
2435
19.25
15.96

33.28
24,85
19.57
16.17

34.09
25.35
19.89
16.37

34.88
25.84

2020 -

16.57

35.66
26.32
20.50
16.77

= 60 KS!-

VOLUME OF
CONCHETE
cu, DS,

34.21
24.85
18.73
14.63

35.39
25.61
19.23
14.97

36.54
26.35
19.72
15.30

37.67
27.08
20.20
15.62

38.78
27.78
20.66
15.93

39.86
28.48
2112
16.24

51.57
37.86
28.49
22.88

52.99
- 38.78
29.50
23.30

54.39
J9.68
30.10
23.70

55.76
40.56
30.68
24.09

57.11
41.43
31.25
24.47

58.44
42.28
31.81
24.85

‘DISTANCE FROM GROUNID SURFACE TO THEORETICAL CUTOFF POINT OF ONE-MALF STEEL AREA,
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