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Outline

+ Effect of torsion — “torsion factor” in the bearing capacity equation?
+ V-T diagrams

+ G3 scripting interface

+ Drained vs undrained solutions for limiting torsional capacity
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Rectangular foundations

Bearing capacity equation:
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= CNelese + qNgigsq + B N.iys.,
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Rectangular foundations

Bearing capacity equation:

Vi . . :
j: = cNeicSe + qNgigsq + 37B Nyiys,
Some issues with:

Bearing capacity factor N,

Superposition
Inclined loading
Eccentricity
Shape - 2D to 3D

+ + + + +
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Rectangular foundations

Bearing capacity equation:

Vi , . .
= CNelese + qNgigsq + B N.iys.,

Missing: torsion
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Rectangular foundations

Bearing capacity equation:
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TORSION

Rectangular foundations

Bearing capacity equation:
Vu _ N.i N, i LvB' N, i
yAn CNeleSe + qiNgtgSq + 37 vy Sy

Missing: torsion

Possible modification:

Vi . . .
Vi cNcicScte + qNgigSqty + 3B Nyiysyt,
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Surface foundation on sand
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Modified bearing capacity equation:
Vu
— = 37BN,s4t,

A



TORSION

Surface foundation on sand

T
$V
/ / ) / /
< = >
Modified bearing capacity equation:
% = 37BN, syt

Redefinition of Nv:
N:yk = Nysy = f(B/L, ¢ps, Prc)



BEARING CAPACITY EQUATION

Matched in TXC and:

Loose <

T gy = 11264
(Kulhawy & Mayne 1990)
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BEARING CAPACITY EQUATION

FASD Sand

OPTUM G3 16



BEARING CAPACITY EQUATION

Qsps — 112@1&0 Medium
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Surface foundation on sand

T
$V
/ / ) / /
< = >
Modified bearing capacity equation:
% = 37BN, syt

Redefinition of Nv:
N:yk = Nysy = f(B/L, ¢ps, Prc)
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Surface foundation on sand

T
*V
/ / ) / /
< = >
Modified bearing capacity equation:
% = %'YBN:; by

Redefinition of Nv:
N:yk = Nysy = f(B/L, ¢ps, Prc)



TORSION

Surface foundation on sand

T
*V
/ / ) / /
< 5 >
Modified bearing capacity equation:
% = %'YBN:; by

V-T diagram:
F(V,T)=0
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V-T diagram

v
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V-T diagram
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V-T diagram
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V-T diagram




TORSION

V-T diagram

Limiting torsional capacity




TORSION

V-H diagram

Sliding limit: H = V tan ¢




TORSION

V-T diagram

Limiting torsional capacity
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Torsional capacity for V — 0:

Failure mechanism:

| L2 L2 13
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Torsional capacity for V — 0:

L

Solution:

L 2
T/B = %\/1 + (E) V tan ¢



TORSION

Torsional capacity for V — 0:

Solution:
T/B = [,LTV

where:

| LY torsional rction cosficient
pur = 54/ 1+ 3 tan¢  (“torsional friction coefficient”)



TORSION

Torsional capacity for V — 0:

Solution:

where:

Analogous to sliding limit:

H =V tan¢



TORSION

Torsional capacity for V— 0:

Solution:
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Torsional capacity for V — 0:

T X B\’
- =2 1_|_ -
LVtang 2 L

Murff et al (undrained):

Solution:

DD

T L sin @ L1 [ta (“-I—
2cos2t 2 4

L? [ cos® |
_ — Lln(tan &
ALs, 6B )}) +6BZ (28in2t 2 In( an2)>



TORSION

Torsional capacity for V — 0:

T X B\’
- =2 1_|_ -
LVtang 2 L

Murff et al (undrained):

Solution:

DD

+ 11n [tan(Z +

T L sin 6
2cos2t 2

L? cosf
_ — Lln(tan &
ALs, 6B )}) 2 (25in2t 2 In( a’n2))
Adapt to drained case:

TmaxA = s, A ~ V tan ¢
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Torsional capacity for V — 0:

T . B\’
- =2 1_|_ -
LVtang 2 L

Murff et al (undrained):

Solution:

T L ( sin @

ALs, 6B 2coszt+2n[an(4+2)} +

Adapt to drained case:
TmaxA = s, A ~ V tan ¢
So:

T L sin
LVtan¢ 6B

2cos? t
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Torsional capacity for V — 0:
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Torsional capacity for V — 0:

(Drained solution)/(Murff et al adaptation)
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TORSION

Torsional capacity for V — 0:
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TORSION

Torsional capacity for V — 0:
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*LimitDrained - OPTUM G3 2020
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*LimitDrained - OPTUM G3 2020
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TORSION

V-T diagram

»

«—Torsion limit: T/B = urV

T/B-




TORSION

Surface foundation on sand

1
$V
/ / ) / /
< = >
Modified bearing capacity equation:
% = £yBNt,

Requirement:
ty=0 for T/B = urV



TORSION

Surface foundation on sand
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Modified bearing capacity equation:
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Possibility:

t =1 L N
T B[LTV



TORSION

Surface foundation on sand

R

Modified bearing capacity equation:

V. .
- = 57BNt

t =1 L N
T B[LTV

Analogous to inclination factor (strip):

_ . H m . 40.6 tan ¢
T \Vitane) 7 20.7-88tan¢

N
Vv

Possibility:




BEARING CAPACITY EQUATION

Inclined load

I
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BEARING CAPACITY EQUATION

Inclined load
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TORSION

V-T diagram

»

T/B.

«—Torsion limit: T/B = urV
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Surface foundation on sand
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Surface foundation on sand

T
$V
/ / ) / /
< = >
Modified bearing capacity equation:
% = £yBNt,

Possibility:

ty =1 "
T B[LTV
Another possibility:

e [1 ) (Biv)]m




TORSION

Surface foundation on sand

—

N

Modified bearing capacity equation:
Vi 4

Z — —’}/BN;'{;,Y

Possibility:
T Tr
by =1— ——
! (B#TV)

Another possibility:

v [1 ) (B;z;v)]m

Yet another possibility:

e {1 - (Blf;v)mr




TORSION

Surface foundation on sand

T

v

 _

<

V/ /
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Modified bearing capacity equation:
Vau .
— = 2YBNjt,
Possibility:
t B 1 T Tr
T B[LTV

Another possibility:
T
B[LTV
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N
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Yet another possibility:

o=[-(E) |
where
m=m(¢), n=n(B/L)

(hopefully)
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Surface foundation on sand T

=

& N
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Modified bearing capacity equation:

Vau .

— = 2YBNjt,
Possibility: - . Yet another possibility:

t=1— mamn

! (B#’Tv) t. = |1 — T
N ! BurV
Another possibility:
T m where
tr = [1 - (B,LTV)] m=m(¢), n=n(B/L)

(hopefully)



TORSION

Surface foundation on sand

T
%
/ /v/ /
< I >
V-T diagram:
r [, (Vv NV
B j%% g Vmax N Vmax Vmax
where

Vinax = %WBN;C

I 2
U :% 1+ (E) taﬂ¢




TORSION

V-T diagram

v




TORSION

V-T diagram

LA wrt V

V
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V-T diagram

LA wrt -V

I Ty
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V-T diagram




TORSION

V-T diagram

lLA wrt T
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V-T diagram

ILA wrt T
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Fixed V V
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V-T diagram

LAwrtT Py
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V-T diagram
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V-T diagrams
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V-T diagrams
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TORSION

V-T diagram - FASD
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TORSION

V-T diagram - FASD
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