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Project Background and Objectives

3

Background

A FDOT hasfundeda multiphaseresearcleffort on the useof shallowfoundations
for bridgesubstructuren limestone(10+ yeareffort)

A In Phase (BDV31-977-51) i DevelopedFlorida limestonestrengthenvelopes
and bearingcapacityequationdor any footing width, shapeembedmentiepth = _.......
androck-oversandscenario

A In Phase (BDV31-977-124) i Performedthreefull scaleload teststo validate
the bearingcapacityequations

A Developednoduli by formationfor load-settlemenpredictions

Phaselll Objectives

A Implementbearing capacity and load-settlementprediction methodsinto FB-
MultiPier

A Investigateandimplementlateralresistanc®f embeddedootings
A Investigateeffectsof inclined andeccentricityon bearingcapacity
A Documenthefeaturesetsdevelopedn FB-MulitPier in the usermanual

UNIVERSITY of 7% ggb FAMU-FSU
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0 Project Tasks

——

ask 1i Implement Strength Envelopes

ask 2i Implement Loaekettlement & Bearing Capacity Analysis
ask 3a Implement Lateral Resistance

K 3bi Obligue Loading Effects

ask 41 Investigate Effects of Inclined and Eccentric Loadings
ask 51 Develop Software Manual Documentation

ask 6 & 71 Draft Final, Closeout Teleconference, and Final Re|

| ‘“

Do o Do Do Do o Do
QJI
()]
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Task 117 Implement Strength Envelopes

—— ——
A Bi-linearstrengthenvelopedasedn Florida specificformations andbulk dry unit weights

A BearingcapacitiedQ,) basedon the bi-linear strengthparametergc, 0, P, ¥), footing geometryand

site conditions(homogeneousock, rock oversand)

Q,=min (Qy, Q2)* U T
U Shape factor;
p=(6;+5;)/2, MPa .
» Nz = Rock over sand reduction factor;
Qul =n-c Nc+ qz Nq
Ouz=’72 . ﬁl—ppzNg]’quNq

q, MPa

p. MPa

y FAMU-FSU

Engineering

UF [FLORIDA (7}
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Footing Dimensions

Footing Width

Footing Length

Load Eccentricity along Footing Width (eB)

Load Eccentricity along Footing Length (el)

Inclination Angle

Embedment Depth

Rock Properties
Total Unit Weight of Embedment Layer

Limestone Formation Miami

Bulk Dry Unit Weight

Adjusted Rock Recovery

Intact Cohesion (c_i)

Intact Friction Angle (Phi_i)

Intact Reduced Angle (Omega_i)

Mass
Mass
Mass
| Mass

| Intact Modulus, Rock Layer (E_i,rock)
| Peak Stress (Pp)

Cohesion (c_m)

Friction Angle (Phi_m)

Reduced Angle (Omega_m)
Modulus, Rock Layer (E_m,rock)

Rock Thickness

Notes
1. This method assum

ft Strength Envelope (Tau-Sigma Space)
2000

ft
ft
ft 1500
deg
ft =

=

5 1000
pct =

500 v
pef y
e
o
i o
psi 0 \
5 0 1500 2000
deg
i © Tau-Sigma Space Update Plot
psi
psi
deg B
deg
ksi
# i \
Opeak

Settlement Analysis

Edit

?

Ppeak p ‘

es a rigid boundary at bottom of the rock layer. See the Help Manual for discussion of FL Limestone rock database and the strength envelope.

Show Table



c B Task 171 Implement Strength Envelopes

‘—'

T S Y R —— & =
T . , . o | Cpeak v . : . , .
:Z::; S\II:Z?:SIOHS ? 25 & 2000 Strength Envelope (Tau-Sigma Space) | Formation gg[f G, PS1 Pi; I;askl 1 O, a;, psi i, plsjl Bi’
Footing Length 25 ft 90 42.0 422 444 -3.0 31.1 33.9 247 -3
Load Eccentricity along Footing Width (eB) 0 ft ' 95 499 43.2 498 -14 364 34.4 274 -14
Load Eccentricity along Footing Length (el) 0 ft 1500 - 100 58.9 442 562 0.8 422 34.9 306 0.8
Inclination Angle 0 deg 105 70.9 453 640 3.7 499 354 345 3.7
Embedment Depth g ft = ' Miami 110 84.1 46.4 730 7.3 58 35.9 390 7.2
Rock Properties g 1000 Limestone 115 999 473 840 11.6 67.8 36.3 445 114
Total Unit Weight of Embedment Layer " = 120 | 1188 | 482 | 969 166 | 792 | 367 | 510 | 159
Limestone Formation ; 125 141.8 49.1 1126 22.2 92.8 37.1 588 20.7
[ | Bulk Dy Uit Weighe ; 0 ' 130 | 169.0 | 50.1 | 1314 | 285 | 1084 | 375 | 682 | 253
GdltetioddRecory ~ 135 202.5 51.1 1541 354 127.1 37.9 795 30.1
Intact Cohesion (c_i) Shallow Ft. Thompson psi
Intact Friction Angle (Phi_i) SEtIZm Intact deg Oo 500 1000 1500 2000 300000
Intact Reduced Angle (Omega_i) Custom Mass - deg Sioma (pe) ® Miami limestone ]
Intact Modulus, Rock Layer (E._irock) 36.59 it ©O Tau Sigma Space Il voss curve Update Plot 250000
. — 306 - O p-q Space Intact Curve b
;kihm(m) - : T %20000{, E; =120 X exp(0.0572 X Yar) _
R q = #3000 Unconfined
Mass Friction Angle (Phi_m) L deg _— B E 150000 . Compression test
e e @ s £ . +225 Triaxial Test
s s, Rl [ s - g : a =
Rock Thickness 7 ft ' Opeak o Ppeak p ‘E 100000 °
= 50000 o
Settlement Analysis ® [
Edit ? 0 o ¢
Notes 80 85 90 95100105110115120125130135
;HI::ZPH;.ethcd assumes a rigid boundary at bottom of the rock layer. See the Help Manual for discussion of FL Limestone rock database and the strength Bulk (Iry it weigh t pe £
OK Cancel Show Table
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Task 21 Implement Load Settlement & Bearing Capacity Analysis

—— ——
A In general, Florida Limestone exhibits elasticperfectly plastic stressstrain behavior which may be

characterizeavith E, or E.._,«(EJ) basedon the strainlevel (load-settlementesponse®f homogeneouand
rock oversandis shownbelowasfunctionof E;, E,, andQ, ) asshownbelow

A The Winkler springmodelusesE, up to Q, (i.e., distributednonlinearsprings)and E, subsequentlyjrock
oversand) in Finite elemenimethodto computedeformationsandstresses

A Probabilistic settlementadoptedand influenced by rock massmodulus CV, modulusratio, and stress

Deviatoric Stress, psi
() g

UF

dependenharmonicmeanmodulus

~——Miami 91 pcf
Miami 97 pcf
—=Miami 100 pcf

Vertical Strain, %6

UNIVERSITY of

FLORIDA

~———Miami 104 pef
=—Miami 111 pcf
— Miami 107 pecf

T — FEM %0 pef

= = FEM 100 pcf
= = FEM 110 pcf
= = FEM 120 pcf

7 Engineering

Homogeneous Case

(A A7

Footing ID
£

Limeston
DW
LYy .

v

Settlement
range

Rock-oversand Case

77777 Footing
Limestone D D;

_______ Y.

Lower values of T, or T,

Qu (El) qu
Squ| . KifromE; o
K, from
ESECﬂ.llt (ES) o
6O_pu ’’’’’’’’’’’’’’’’’’’’’’’’’
S v




Task 2171

8 M

Axial Bearing - FL Limestone (Homogeneous) - Soil Set 1

Footing Dimensions

Footing Width ? PE
Footing Length 25
Load Eccentricity along Footing Width (eB) 0
Load Eccentricity along Footing Length (el) 0
Inclination Angle 0
Embedment Depth 8
Rock Properties
Total Unit Weight of Embedment Layer 15

: Limestone Formation Miami

! Bulk Dry Unit Weight 100
Adjusted Rock Recovery 0.75
Intact Cohesion (c_i) 589
Intact Friction Angle (Phi_i) 442
Intact Reduced Angle (Omega i) 0.8
Intact Modulus, Rock Layer (E_i,rock) 36.59
Peak Stress (Pp) 306
Mass Cohesion (c_m)
Mass Friction Angle (Phi_m) 31.55
Mass Reduced Angle (Omega_m) 0.6
Mass Modulus, Rock Layer (E_m,rock) 16.74

Rock Thickness 7

Notes

37.14

pcf

pcf

Strength Envelope (Tau-Sigma Space)
2000
1500
2
= 1000
=
500
0
0 500 1000 1500 2000
Sigma (psi)
O Tau-Sigma Space - Mass Curve Update Plot
O p-q Space Intact Curve
T q
¢ o
C a
Opeak g Ppeak Y
Settlement Analysis
Edit 2

1. This method assumes a rigid boundary at bottom of the rock layer. See the Help Manual for discussion of FL Limestone rock database and the strength

envelope.

UF [FLORIDA
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Settlement Plot

Deterministic Settlement Analysis
Bearing Capacity

Mean Mass Modulus

Poisons Ratio

Rigidity Factor

Deterministic Settlement

Geostatistical Settlement Analysis

Coefficient of Variation of Modulus
Correlation Length

Standard Deviation of Modulus
Mean Settlement

Lower Bound Settlement

Upper Bound Settlement

Settlement Range

354.89

16.74

0.1

0.79

4974

0.75

45

12.555

6.704

2.861

13.514

Settlement Curve Type Mean Settlement

Notes

Implement Load Settlement & Bearin

~

psi

Capacity Analysis

Settlement

0.0

-6.0

=-120
£
@
E
i)
B
@

1-18.0

-24.0

-30.0

0 100 200 300 400
Bearing Stress (psi)

- Mean Curve

Lower Bound Curve - Upper Bound Curve

1. Selected settlement curve shown as bold line on the settlement plot. This curve is used for the FB-MultiPier analysis.

2. Settlement Range is the number of standard deviations from the mean settlement estimate.

3. See Help Manual for details on how the Rigidity Factor is used in the calculations.

Cancel

Show Table
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o m Task 21 Implement Load Settlement & Bearing Capacity Analysis

Full-Scale Shallow Foundation Load Test 2, < Vertical (Bearing) Springs s,
Fort Lauderdale (Yang et al., 2025) I/ \
: : : ,' ‘:
Il : R U G, i
T e 1 T B R |
| : Settlement 6Q“ F--- Eiﬁf:rf) m ,El, fffffffffff : :
1 range :
1 h
1 | 1
1 K from 1
: e :
. inlh 1 Bgpuf - - oo :
l.5£ m by‘ 1.52‘61 fo;ting : 3y :
I
1
Bearing pressure, MPa : :
0 0.5 1 L5 2 - I
0 1 1
' i
1 i !
—a—Bell load test : '
§ 2 ~—Proposed solution 1 :
1‘5: —&— Burmister (1958) i :
§3 —e—FEM : I
E I ]
&4 : i
! i
5 ! I
: !
L6 ‘\ /
\ /
AN 4
o . R4
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10 |

B lOft #L=20M

Footing
D=0#f
Miami Rock .
Tir= 90 ~ 135 pef =
1
Sand
Figure A-1 Design case 1, BDV31-977-51
e shRsL=MA
W
o
b
; . =
Miami Rock 2
1
Y= 90 ~ 135 pef -
Sand
Figure A-2 Design case 2, BDV31-977-51.
B=10R #L=20R
Footing
Do=0ft
Miami Rock el
V=90 ~ 135 pef .
Sand

Figure A-3 Design case 3, BDV31-977-51.

UNIVERSITY of FAMU-ESU
FLORIDA Engineering

Problem CASE 1
B, ft 10 10 10
Footing Geometry L, ft 20 20 20
D,, ft 0 0 0
Depth of Water Table| D,, ft 25 25 25
Total Unit Weight Gy PCF 90 110 135
REC % 1 1 1
o pcf 90 110 135
Rock Thickness T, ft 20 20 20
E, . (mass modulus) psi 1 1 1
E.; (mass modulus) psi 0.03 0.03 0.03
FORMATION - MIAMI MIAMI MIAMI
Qu Excel ksf 65.8283 | 117.076 350.726
Qu FBMP ksf 65.8246 117.067 350.721
% ERROR % 0.01% 0.01% 0.00%
FDOT REPORT ksf 66.48 118.3 354.06
% ERROR % -1.00% -1.05% -0.95%
Problem CASE 2
B, ft 10 10 10
Footing Geometry L, ft 20 20 20
Dy ft 10 10 10
Depth of Water Table| D, ft 25 25 25
Total Unit Weight Gota, PCF 90 110 135
REC % 1 1 1
o pcf 90 110 135
Rock Thickness T, ft 10 10 10
E, ok (Mass modulus) psi 1 1 1
E,,; (mass modulus) psi 0.03 0.03 0.03
FORMATION - MIAMI MIAMI MIAMI
Qu Excel ksf 74.568 146.172 450.613
Qu FBMP ksf 74.571 146.17 450.643
% ERROR % 0.00% 0.00% -0.01%
FDOT REPORT kst 75.2 147.46 454.18
% ERROR % -0.84% -0.88% -0.78%
Problem CASE 3
B, ft 10 10 10
Footing Geometry L, ft 20 20 20
D, ft 0 0 0
Depth of Water Table|] D, ft 25 25 25
Total Unit Weight Qo PCF 90 110 135
REC % 1 1 1
2 pcf 90 110 135
Rock Thickness T, ft 5 5 5
E, . (mass modulus) psi 1 1 1
E_; (mass modulus) psi 0.03 0.03 0.03
FORMATION - MIAMI MIAMI MIAMI
Qu Excel ksf 42.814 76.145 228.1
Qu FBMP ksf 42.811 76.139 228.10
% ERROR % 0.01% 0.01% 0.00%
FDOT REPORT ksf 43.88 78.08 233.7
% ERROR % -2.49% -2.55% -2.45%

&BS|

Sl

Bridge Software Institute

Task 21 Implement Load Settlement & Bearing Capacity Analysis
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Lateral load
BA
/AN W Log spiral 5
passive earth
- . . . Pressure /
Base Friction e — >

Tetrahedral element (typ. )‘-

A Stress path in extension space required for passive strength
assessment

A Extension strength influenced by porosity and sedimentary
formation process

A Lack of extension tests on limestone cores

A Extensionstrengtly, at vertiggal stres

A Extension strength at representative overburden stress need t
tested

UF |

UNIVERSITY of

FLORIDA ) EAMU-ESY

Engineering

|3 ZSATE
s"
5 =
% oF (£
%

qe or g, (psi)
0 200 400 600 B00O 1000 1200 1400 1600

..'Fixe(l base node (typ.)

Task 31 Implement Lateral Resistance

q=c{1'03

T E:{

[
Ul

,
N5
0

0.
. ¢
™ -‘? 7 .
N Gﬂ‘
)
A

COMPRESSION

o] p=(0,+20;)/3
é g
o mi’ D i
%’E[:] + EF};ﬁ I+ m 0
;ZT _— E — |
OA= Triaxial Compression
OB-= Triaxial Extension
OC = Triaxial Tension
OD = Triaxial Extension and Tension
_q ’
[ ] Extension Key Largo
+  Extension Miami
@ Extension Ft. Thompson
Qu Key Largo
----- Qu Miami
== == QuFt Thompson
-
- -
60 70 80 90 100 110 120 130 140 180
Dry Unit Weight (pcf)
£8S| FDOT )



Task 37 Implement Lateral Resistance

Triaxial Extension Tests on Florida Limestone

Miami Formation Miami Formation

a

P
«

A Tests with a range of isotropic
stresses encountered in the field (
psi, 50 psi, and 300 psi).

A Preliminary assessment of passiv[.
strength (extension space).

A Limited samples from Ocala,

Miami, and Ft Thompson - 300 psi 15 psi
formations. Hoek Cell Triaxial Test Pre-Test Postest Pre-Test Postest
A Complimentary triaxial
compression tests performed at
Isotropic stress of 50 psi.
UNIVERSITY of 727 2 FAMU-ESU ’
UF [FLORIDA ()@ AU By £BS| FDOT\




o Task 31 Implement Lateral Resistance

‘——

Compression and Extension Strength Envelopes

Ft. Thompson Ocala

700
600
600
500
500
400 —e—90pct
300 100pcf
200 —e—105pcf S0
—e— 110pcf
‘» 100 —o 115pcf 200
C —e— 120pcf
o 0 . 100
—e—90pct-extension -
oo - ——95pcf-extension .
. —e— 100pcf-extension - 200 400 600 800 1000 1200 1400 1600
200 —e&— 105pcf-extension 100 — _ .
—e— | 10pcf-extension PP
-300 —8— 1 15pcf-extension 200 .
—8— 1 20pcf-extension
-400 300
- —8— 90pcf —8—95pcf —8— 85pcf 100pcf
0 200 400 600 800 1000 —8— 105pcf —8— 110pcf —8— 115pcf —8— 85pcf-compression
Si —@— 90pcf-compression —@— 95pcf-compression —@— 100pcf-compression —8— 105pcf-compression
p’p 110pcf-compression 115pcf-compression 120pcf-compression

% FAMU-FSU B0
BS| FDOT)

UF|UNIVERSITY of IS
FLORIDA Engineeri ng
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Task 3al Implement Lateral Resistance
- ——

Passive Force, P, and Base Friction,,FDisplacement, y, Model

PA
Pult“ ........................ : -
: Passive resistance
J Kmax (hyperbollc)
Segment 2: Base friction
. assumed constant lag Base friction
(two-segment)
Fo 44

Segment 1: Base friction assumed equalto Y
passive resistance upfg

xy FAMU-EFSU

Engineering

UF [FI.ORIDA (7

Passive Resistance
8

CA

[ V) ] Y p 5 ® K. S the initial stiffness
v ¥
0 Y © 6 O gr 00 OO0 N0
: N »  T@(U U )Yw . O
Y p (0 0 ) [pRY quxo" ( ) Y p
0 0 O ©O
where Ry, is a 3-D modifying factor, B is the footing width, U 0 Wt UL — ﬁKp i Kpo

and K,, representthe passive earth pressurecoefficients associatedwith friction angle,
cohesion,and surcharge respectively,o is the unit weight of soil, H denotesthe footing

thickness,c is the cohesion,q is the surchargdoading x=1 for a single footing, O is the
distancdrom thegroundsurfaceto thetop of thefooting.

Base Friction

O | OO0 6 » O0NE]
where U is the adhesion factor, c I s coh
| oad on footing, U0 is the interface fric

&BS| FDOT\)

Bridge Software Institute



- Task 3ai Implement Lateral Resistance
- —'

FEM Validation: Full -Scale Footings in Granular Material

] Foundation Member Geometry Soil Properties Test Results
Case Source | Soil Type 3 -
L (m) B (m) H (m) ¢ (kPa) « °)( |9 kN/m°) a °)( | Put, kN Dhax/H
(Rollins
1 and Cole,| Silty Sand 5.18 3.05 1.12 27.3 27 19 21 1428 0.05
2006)
(Rollins
2 and Cole,[Clean San( 5.18 3.05 1.12 0 39 18.4 30 1090 0.05
2006)
(Rollins
3 and Cole,|Fine Graveg 5.18 3.05 1.12 3.8 34 20.8 26 774 0.04
2006)
5 1.2 1
Case- 2 ° °
Case 1 1 ° Case- 3
Ve o o o
1.5 0.8 s ——
zZ = Z
S 1 = 0.6 =
=] ® Measured 2 ]
© ©
505 e Predicted 04 4 ® Measuref S ® Measured
——PLAXIS 0.2 e Predicted e Predicteg
0 PLAXIS —PLAXIS
0
0O 10 20 30 40 50 60 70 80 90
Displacement, mm '

UF | UNIVERSITY of /2%

¢BS| FDOT\)
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600000 <)
500000
400000
300000
200000
100000

0

Load,p(Ibf)

Task 3ai Implement Lateral Resistance

- —'
Plaxis Model Passive LoadDeformation in Ft. Thompson Limestone

6 x pBfé 1

0.5 1

Displacement, y(ft)

600000 | 5 4
500000
400000
300000
5 200000

Load,p(Ibf)

UNIVERSITY of

% Biip>
S
2 =
2 S %
F LOR I DA. =g

X pBfo 11°

——Hyperbolic_model
100000 ——-PLAXIS_ Passive side
0
0

0.5 1
Displacement, y(ft)

gnny FAMU-FSU

Engmeerlng

5000000

4000000
S 3000000
2000000

Load,p(l

5000000
4000000

& 3000000
Egzoooooo
_§ 1000000
0

1606 XxXpcBoO 1:

—e—Hyperbolic_model-
Liu(Ep)

1000000 [
0
0 1

Displa%'esment, y(ft)
160 xpBo 1

—e—Hyperbolic_model-
Ep(liu)

| 1

Displa(():g)ment, y(ft)

£BS| FDOT)

d Software Institute



UF |

Task 3ai Implement Lateral Resistance

-

#“  Lateral (Passive and Friction) ™,
Springs

N

=3 =3 =3
= @ w —

Lateral resistance (MN)

=
[

Passive (coupled FEA)
Passive (BN'WF)

Bage friction (BN'WF)

4% of footing

2% of footing
height

1% of footing

height/

- = - - Base fiiction (coupled FEA) height

10

Lateral displacement (mm)

20

30 40 50

Full embedment in soil
(not shown)

Case 1Silty Sand (Rollins and Cole, 2006) Case 2Clean Sand (Rollins

9-node thick shell element (typ.)
Note: springs not shown e

g N N N N R R S R S R S R S R S R S R S R S R R R R R R —,

-

s
Lateral Iy

’
4

~

B=274m

Passive resistance (hyperbolic) and
base friction (two-segment) springs
in parallel

~ '
N

. Base friction spring ¢
" (two-segment) ,’
-

N-----------------------—

UNIVERSITY of

FLORIDA

300 q
%
¥
e o
250 A+ 1
el -
*/
a 200 ]
g /
<
S
§ 150 %  FBMP Passive Reaction 1
14 */ Passive Hyperbolic Model
< ¢ Load Test Result
100 | ]
50 - b
0 L L . .
0 0.5 1 1.5 2
X Translation [in]
800 T T T T T
700 - **%***%%» ]
H
* *
600 [ * 1
*
*  FBMP Passive Reaction
‘2 500 - *  FBMP Frictional Reaction |
=, Passive Hyperbolic Model
g Friction Hyperbolic Model
G 400 1
3
['4 *
X 300 1
200 1
100 - 1
0 . . . . n
0.5 1 1.5 2 25 3

X Translation [in]

X Reaction[kip]

200

a
I=]

o
S

50

and Cole, 200¢ Case 3Fine Gravel (Rollins and Cole, 2006

o

e

*  FBMP Passive Reaction
Passive Hyperbolic Model
Load Test Result

L L L

X Reactionlkip]

180

160

140

N}
o

o
S

@
S

@
S

IS
o

N
o

—

Load Test Result

*  FBMP Passive Reaction
Passive Hyperbolic Model

N w S o [=2] ~ =]
o o o o o o o
[S] o [S] o [S] o [S]

FBMP Passive Reaction [kips]

o
o

0.5

1 1.5 2
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200

400 600 800

Hyperbolic Model [kips]

FBMP Friction Reaction [kips]

o

0.

o
o

2

0.4

0.6 0.8 1
X Translation [in]

Friction Reaction

I
o

N
o

w
o

w
o

N
o

N
o

N
o

N
o

(&)

o

20

30 40 50

Friction Model [kips]



Task 3bT Oblique Loading

Motion of Footing Under Oblique Loading

23-0'
116 i1'-6
26'-0"
13-0" 13-0" Face 2
- ¢ SPREAD FOOTING S ——. |
COLUMN — / / . H sql
7 A 45 degree ! dy A
" A 1
a 2 € SPREAD FOOTING i i Skew angle
S s 30 degree : ‘
™ % i |
0 5 1/ : o |
& 1 ﬁ\ 15d : =
] ® egree
© 3 — € COLUMN | i
& (i ¢ COLUMN ™ ) ; i
2 < ~— 90°00'00" 0 degree H ! Face 1
1
= ] i
: - ; |
1 1
COLUMN ~/ ¥ i !
x:
231352 ] \— 90°0000"
\ € COLUMN & ¢ PIER — G SPREAD FOOTING Y
/\ ¢ SPREAD FOOTING, 354'18"
¢ COLUMN & ¢ PIER X
X

SPREAD FOOTING PIER 12 SPREAD FOOTING PIER 16

s A .

) xuEl T OET CO &1 1T EHGE A xAMEAOAA@EEIOET 1

UNIVERSITY of ) FAMU-ESU
UF [FLORIDA {v @ Ea i Ey £BS| FDOT\
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45 degree

30 degree

15 degree

0 degree

UNIVERSITY of

FLORIDA {v

Task 3bT Oblique Loading

Passive Resistance on Perpendicular Faces

Face 2

[ ———— —— ——

dy

-
-

dx

A S S

y FAMU-FSU

Engineering

- del
. S

Skew angle

Face 1

700000
600000

100000
0

400000
350000
300000
250000
200000
150000
100000
50000
0

Normal force, lbs

0.1

Passive face-1

0.2 0.3 0.4 0.5 0.6
Displacement,ft
Passive face-2
il

/’_k’-
—e—0-deg
~o—15-deg
—o—30-deg
—o—45-deg

0.2 0.3 0.4

0.1

Displacement,ft

¢BS| FDOT)
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- ——
Skewed Passive Resistance Solution

UF |

Task 3bT Implement Lateral Resistance

UNIVERSITY of

B VRO

Yo AT-O
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=PM
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. g 1ask4i Investigate Effects of Inclined & Eccentric Loading

A Investigated load inclination and eccentricity effects on FL
LimestoneBC with Plaxismodels

A Based on FEM results, identified methods (modified Ve s

Meyerhof, etc) for conservativanodificationto vertical bearing

springpressurevalues

Square footing (L/B=1): Rectangular footing (L/B=10):

’x
|
|
|
‘.
\
-
% /"\ \\\\\\\

Length and Width of Footing, L=B =5 ft Width of Footing, B :_5 ft ‘
Soil body = 5@G0K50K Length of Footing, L = 50 t
Soil body = 10&50x50k

= FAMU-FSU

J Engineering

UF|UNIVERSITY of RS

7 Load Case 1 concentric, Load Case-2Zccentric,
Load Case 3 eccentrieinclined (inclination7
degrees), horizontal component positive (+), to the
direction of the eccentricity, Load Case iclined
(inclination-7 degrees) and Load Case éccentrie
inclined (inclination7 degrees), horizontal

_ cL component negative (1),
eccentricity as presented by Meyerhof (1953).

|
|

Strip footing (L/B>20):

Width of Footing, B = 5 ft hiian -9
Length of Footing, L = 110 ft
Soil body = 20&50x50k

£BS| FDOT\)

Bridge Software Institute



» g 1ask4i Investigate Effects of Inclined & Eccentric Loading

—

Miami Limestone: L/B = 1 and Fully Embedded with Inclined Loading

ML-1_ Square Footing (L/B=1gmbedded ML-1_ Square Footing (L/B=1gmbedded
BC, psi BC, psi
0.00 50.00 100.00 150.00 200.00 250.00 300.00 0.00 50.00 100.00 150.00 200.00 250.00 300.00
0.00 I 0.00 I
I 1 I 1
0.20 ! A 0.20 : 4
: " g : 4‘1
T a VoV 0.40 A
0.40 | [
I I
| 0.60 |
0.60 i |
[ [
= I = 0.80 [
3 b )
0.80 I '
I 1.00 !
I [ ]
1.00 [
1.20
—®= Concentric —®= Concentric
1.20 | —e~ 7°inclined | 1.40 | —e— 14 inclined L
- - - FL BC Equation - -- FL BC Equation
1.40 1.60

4B FDOT)

@& FAMU-FSU

%% Engineering Bridge Software Institute
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- g 1ask4i Investigate Effects of Inclined & Eccentric Loading

‘—'

Miami Limestone: L/B = 10 and Fully Embedded with Inclined Loading

ML-1_Rectangular Footing (L/B=1&mbedded ML-1_Rectangular Footing (L/B=1&mbedded
BC, psi BC, psi
0.00 50.00 100.00 150.00 200.00 250.00 0.00 50.00 100.00 150.00 200.00 250.00
0.00 | 0.00 |
1 1
[ A A
050 | ",.- 2 050 l "'_ g
l W l Yo W
: !
1.00 : 1.00 |
= . < |
= | = |
1.50 | 1.50 |
| (
|
2.00 | —*— Concentric 2.00 | ~* Concentric
—— 7°inclined —— 14°inclined
- -+ FL BC Equation - -+ FL BC Equation
2.50 2.50

£BS|

T O 1158 {0 (@8 FAMU-FSU w 5
UF [FLORIDA {7} @ tagincering )
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I Bearing Capacity Method with Validation of Inclination Factors

Qu=min {Qﬂi’: Q:&') &
Qﬁf = ncj"lrg I-,:—I— givqu

Quz =1 [cNclc + Ppw Neiy] + qNgly

lc:(l_

O -
ic

50"
1 % Pig

fa = ~gq9)

o
i, =(1- E)pw

Miami Formation Exponents

Pie = 0.0029(L/B)"2 - 0.0246(L/B) + 0.2879

Pig = -8E-5(L/B)"2+0.051 1(L/B)+0.4468

Py = 0.001(L/B)"2-0.0107(L/B)+0.1097

Anastasia Formation Exponents

Dic = 0.0066(L/B)"2 - 0.084(L/B) + 0.299
Piq = -2E-4(L/B)"2+0.0154(L/B)+0.287
Py = 9E-6(L/B)"2-1E-4(L/B)+0.100

Task 41 Investigate Effects of Inclined & Eccentric Loading

Dic = 0.002(L/B)*2 - 0.04(L/B) + 0.4

Pig = -0.0012(L/B)"2+0.0126(L/B)+0.853

Py = 0.0003(L/B)*2-0.0089(L/B)+0.158

All Formation Exponents

Pic = 0.0044(L/B)*2 - 0.0614(L/B) + 0.373

Piq = -3E-4(L/B)"2+0.0237(L/B)+0.523

Py = 9E-4(L/B)"2-0.152 (L/B)+0.152

Ft. Thompson Formation Exponents

Miami Formatlon Exponents All Formation Exponent$t. Thompson Formation Exponen#sll Formation Exponents

UF |

= 250

o n=30

> 11 =0.986

g 200 c=0.0381

% cv =0.0387

(]

ECI ®
£ 150 -

QL ®

om

o

3 100

& 100 150 200

250

Predicted Bearing Capacity (psi)

UNIVERSITY of

FLORIDA

.

ML-1

— 250

] n=30
- n=0.98

5 6 =0.04

8 200 cv=0.041

[1*]

@] [
gtl ®
= 150 ®

[4+]

@ ]

[an]

N

& 100

o 100 150 200

250

Predicted Bearing Capacity (psi)

) FAMU-FSU

Engineering

Casesa =0°, 3°, 7°, 14, 20°; D; =

=
~J
(9]

150

125

100

Plaxis Bearing Capacity (psi)

~
wu

FTL-1 FTL-1
— 175
n =30 2 n=30

11=0.979 = 11 =0.998

6 =0.0432 A = 150 | 5-0.0675 A

ow=0.0441| Y @ a cv=00676| @ ®

@ 3] ® @
. S 125 .
[=T4] ® @
£ RS &
/ g100 | o
& 75
(2
75 100 125 150 175 75 100 125 150

Predicted Bearing Capacity (psi)

0 and B; L/B =1, 10, 20

175

Predicted Bearing Capacity (psi)

£BS| FDOT\
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- —'
Bearing Capacity Method with Eccentricity

Qu=min (Qus, Quz) £
Qui = neNe + q“'vrq

Quw=n [eN’c + ppw Ng] + gNyg

4 —0.055

B' in meters

;._; =1+0 145(E_r)0.6ﬁ
- L

UF [F{ORTBA G

2000

-

[y
&

=
o]

Plaxis Bearing Capacity (psi)
it
=
=
]

S0

e ML-1
e FTL-2
e AL-3
-_1:1

S00 1000 1500 2000
Predicted Bearing Capacity (psi)

) FAMU-FSU

&’/ Engineering

Task 471 Investigate Effects of Inclined & Eccentric Loading

All ML-1 FTL-2 AL-3
L= 1.07 1.14 1.10 0.98
o= 0.13 0.17 0.10 0.05
cv = 0.12 0.15 0.09 0.05

2
o0
\
0
=
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FB-MultiPier Enhancements

Task 471 Investigate Effects of Inclined & Eccentric Loading

Axial Bearing - FL Limestone (Rock over Sand) - Soil Set 1

Footing Dimensions
Footing Width

Footing Length

Load Eccentricity along Footing Width (eB)
Load Eccentricity along Footing Length (el)
Inclination Angle

Embedment Depth

Rock Properties
Total Unit Weight of Embedment Layer

| Limestone Formation Miami
Bulk Dry Unit Weight

Adjusted Rock Recovery

Intact Cohesion (c_i)

Intact Friction Angle (Phi_i)

Intact Reduced Angle (Omega_i)
Intact Modulus, Rock Layer (E_i,rock)
Peak Stress (Pp)

Mass Cohesion (c_m)

Mass Friction Angle (Phi_m)

Mass Reduced Angle (Omega_m)
Mass Modulus, Rock Layer (E_m,rock)
Rock Thickness

Sand Properties
Mass Modulus, Sand Layer (E_soil, m)

Sand Thickness

Notes

?

ps

25

115

100
0.75
589
442
0.8
36.59
306
37.14
31.55
0.6

16.74

45

23

pcf

pcf

Eccentricity and Inclination

O X
Strength Envelope (Tau-Sigma Space)
2000
1500 -
@
k3
= 1000 -
=
500 -
0 . . .
0 500 1000 1500 2000
Sigma (psi)
O Tau-Sigma Space - Mass Curve Update Plot
O p-q Space - Intact Curve
T q
ﬂ Aj
(4 e
C a
Gpeak o Ppeak P
Settlement Analysis
Edit ?

1. This method assumes a rigid boundary at bottom of the sand layer. See the Help Manual for discussion of FL Limestone rock database and the strength

envelope.

Cancel Show Table

Xp Direction
eB
Stability Check (B/6)

31.57in
50.0in

Yp Direction
eL
Stability Check (L/6)

0.0in
50.01in

Inclination

Fh 160.25 kips
Fv 3951.8 kips
Alpha =2.32deg

UF [FLORIDA
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R
Deliverable 5
AUpdate the FBMultiPier software manual to include shallow

foundation guidelines covering strength assessment, immediate
settlement, and all implemented feature sets from Tds#s 1

L Help Walkthrough.....== 0%

+ Ask Gemini - o x v B8l PO Muier el Walktbee: X I

Bi Contents Bi contents =]

FB-MultiPier A . N FB-MultiPier H H
a 14.1 Shallow Foundation Model a 14.6 Walkthrough I
[ FB-MultiPier Features 0O FB-MultiPier Features
1. Program Menus 1. Program Menus
[# 2. Modsl Data Pages To model the load deformation behavior of a shallow foundation, several sources of [ 2. Model Data Pages The first step in utilizing the shallow foundation features is to open a default model that has, 25 its footing, a shallow
3. Model View Windows soilfrock resistance must be accounted for. For axial resistance, Figure: 14.1.3, bearing . Model View Windows foundation. There are two types of such madels in F8-MultiPier, as follows:

pressure beneath the footing needs to be modeled, accounting for subgrade
4. Program Results stiffness, ultimate bearing pressure and non-linear pressure distribution due to
5. Design Tables eccentric loading (see 145 Eccentricity).

. Program Results + Pier with Shallow Foundation
Design Tables + Shallow Foundation

6. General Modeling

7. Bridge Span Modeling

8. Parallel Solver ™M

General Modeling For this walkthrough, the ‘Pier with Shallow Foundation’ model will be used. Clicking the ‘File” menu at the top left of the

Bridge Span Modeling FB-MultiPier User Interface (Ul) reveals a variety of options. Choose the 'New' option, which launches the "Select New
Model Type' dialog (Figure: 14.6.2)

Parallel Solver

9. Settings 9. Settings
F Select New Model Type: *
[ 10. License Installation v [ 10. License Installation
Madel Type Project Data
11. Toolbar lcons 1. Toolbar lcons Pier Clent
12. Batch Analysis 2. Batch Analysis :':““""’
13. 551 - Deep Foundations 13. 551 - Deep Foundations High Mast Lighting/Sign Project Name
Retaining Wall
[ 14. 551 - Shallow Foundations [ 14. 551 - Shallow Foundations o
q 4 = Project Managar
[ Shallow Foundation Model [ shallow Foundation Model é"“f:ﬂ
e Bent
O Layering O Layering Column Date Computed By
[ Oblique Loading [ Oblique Loading = puzze

O inclination O inclination Project Description

O Eccentricity O Eccentricity

Units
0 walkthrough O Walkthrough Ol e
[ Seil Properties Bl Soil Properties sl (kPa, m)
O Florida Limestane Strength E1 O Florida Limestone Strength Ei Cancel
O Florida Limestane Rock Datat O Florida Limestone Rock Datat
O Mass Properties. [ Mass Properties Figure: 14.6.a ‘Select New Model Type' dialog

[ Extension Space [ Extension Space

) . On the ‘Select New Model Type dialog, select the “Pier with Shallow Foundation” model type. Leave the Units' selection
O soil sets O soil sets as ‘English'. Then click the ‘OK’ button. The Ul views populate using the default ‘Pier with Shallow Foundation® model.
=] Axial A = Axial This includes the Model Data’ window and graphical representations (Figure: 14.6.b)

[ FL Limestone (Homogeneous Resultant [ FL Limestone (Homogeneous

[ FL Limestene (Rock over Sanc [ FL Limestone (Rock over Sanc Clel — aavtsios

[0 Hoek & Brown (Carter and Kt Figure: 14.1.a Non-uniform bearing pressure distribution O Hoek & Brown (Carter and Ku

[ Linear (Subgrade) qu-z O Linear (Subgrade) qu-z

[ Custom qu-z For lateral resistance, Figure: 14.1.b, the model must account for passive resistance an O Custom qu-z
& Laters! the vertical face of the focting. This needs to account for seil stiffness, strength of soi & Lateral g

ater = for estimating the passive earth pressure, and overburden pressure (2.9, surchargs). = ateral -

UF [FLORIDA

Task 517 Develop Software Manual Documentation

Table 6-1 Summary of Worked Examples

Example Name Model Feature File Name
B.1.2 Cemex load test | Axial Bearing FL Limestone | CMEX.in
(Homogeneous)

B.2.1 SR84 load test

Axial Bearing FL Limestone | SR84.in
(Rock over Sand)

B.2.2 Bell load test

Axial Bearing FL Limestone | BELL.in
(Rock over Sand)

B.3.1 Worked example

Axial Bearing Hoek & Brown | HB.in

1 (Carter Kulhawy)

Cc21 Worked | Lateral Passive FL Limestone ‘WE_PASSIVE_FL_LIMESTONE.in

example

C.1.1 Worked | Lateral Passive C-PHI Material | WE _PASSIVE_CPHLin

example

C.3.1 Worked | Lateral Hyperbolic (Columb) WE _PASSIVE_HYPERBOLIC.in

example

D.1 Worked example | Axial Bearing FL Limestone | WE_INCLINATION.in

Axial Inclination (Homogeneous)

D.2 Axial Eccentricity | Axial Bearing FL Limestone | WE_ECCENTRICITY.in
(Homogeneous)
Axial Bearing FL Limestone | WE_ECCENTRICITY

D.3 Axial Eccentricity | (Homogeneous) _INCLINATION.in

and Inclinati

E.1 Axial Phase II | Axial Custom Curve WE_P2 911 WHM.in &

Report Single Layer
Example Section 9.2

WE_P2_911_FLH

Table B-3 Bearing capacity calculation of Cemex load test.

B.ft 35
Footing L. ft 335
Geometry De ft 5
Dy £ 0
Total unit
weight yastal, pef 115
Crm, PSL 31.9
Mass Q. 324
Properties Pp, psi 341.8
[or 4.35
L8 cosw _ 18 cos (324) _ . o
Ne 0.8-sing __ 0.8—sin (32.4) 5.75
18 cosw _ 18 cos (32.4) _
Ne 0.8-sinw __ 0.8—sin (£.35) 210
- 1.8 [sing — sinw]_L8 [sin (32.4) — sin (£:35)]_
Ne 0.8—sinw 0.8—sin (4.35) 114
q. ps1 5 % (115-62.4)/144 = 1 83 (overburden stress)
x (1.5 X2 —10) x (3 x sing — 1)= (1.5 x 22— 10) x (3 x
;“’“,da : sin (32.4) — 1) =15.1
carng —0.055 —-0.055
4 N _
é}ap;f;:tty 2 (o 3Bin ﬁ) _(0 5) =093
quations B 0-66_ 351066 _ N
e 1+ 025 () 7=1 4 0245 (35) T=1245
Nr
Qul. psi nxcxXNe+ g¥XNg=0.93x 31.9 x 5.75+ 1.83x15.1=198.22
. X [exXN'e+ ppxNe] + gxNg= 0.93% [31.9 X 2.1 + 341.8%
Quz. psit 1.14] + 1.83x15.1=45231
Q min (Qu1, Quz) X &/Nr=min (198.22, 452.31) x1.245/1=246.78
. psi=17.77 tsf
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& FB-MultiPier File: C:A\Users\Publi

FB-MultiPier Ul T

fle View Control Help

UENT FILS _CLIENT

igle Pier with shallow foundation MF AASHTO LOA

Pier with Shallow Found

QA«=1t=34060

ation

-+ =
o A= P D
Y Madel Data = | 8 @=
Global Data Soil
Model Soil Layer Data Shallow Foundation Data
Analysis Settings
Dentoecs ? SodSet set1 Del L Limestone (Rack over Sand)
Soll Layer Layer 2 Add  Del  Replace Lateral Passive FL Limestone
Lateral Stabilty Soil Type Rock Base Friction Hyperbolic (Columb)
Sosirichirg Unit Weight 115 pef Advanced Edit
Footing
Soil Layer Models Elevations
Soi Water Table -5 it
Pier
fe (N Top of Layer 0
Extra Members fop of Layer it
Load L Bottom of Layer -9 it
Springs Y Soil Data Importing and Exporting
A Retrieve from File
Supesstructure Soil Strength Criteria Seve o Fle
; G : Xp
Yp
Sl &=

Soil Set 1 | (Soil

for Footing Element)

UF [FLORIDA

Elevation (ft)
10.0
[ 'Gamma=1°1:;| 05ftooft | o
Layer2 | 115 v—SAOft
9.0ft
-10.0
Layer 3 | Gamma=120 -20.0
32.0ft |-30.0

FAMU-EFSU

Engineering

Global Axes

P

Xp-
2

<&BS|
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FB-MultiPier Implementation

‘_———————————————————————————————-.~ S N N R N R R N R R R N R N R R R N R R g,

Re Vertical (Bearing) Springs SN ” Lateral (Passive and Friction) Springs \\
A Y

/ \ / \
/ /
/ "\ \ / \
‘F

Lateral load

B

I |

¢ W Log spiral »

passive earth

Pressure %~

Base Friction e —— >

Full embedment in soil
(not shown)

Resultant

Passive resistance (hyperbolic) and
base friction (two-segment) springs
9-node thick shell element (typ.) in parallel,

Note: springs not shown - .

o e
s o e o

- ol o o .
-~ > e Py e ot o
P O e o e Gl
_ e
o o e o L
o s o

-
Lateral IV

U
Y3 \ o -, Base friction spring V4
¢ \ " (two-segment) U

pee

(0]
[ —————_
[ —————_

o T N N R S S R R S S R R S R S —
-

o T N N R S S R R S S R R S R S —
-

\
']
S ’ ~ ’

N‘-————————————————————————————————’ N‘-————————————————————————————————’
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FB-MultiPier Implementation

Re Vertical (Bearing) Springs -\\ Rad Lateral (Passive and Friction) Springg \\
A Y
1 \

Passive (coupled FEA)
Passive (BN'WF) 4% of footmg‘

= = = - Base fiiction (coupled FEA) Deight
Base fiiction (BNWF) H
2% of footing

height

196 of footing /
hei; gl/lt/

-

<
)

=
o

v
v

<
=

i

|

Sgul . KifromE; T :
Settlement '
range !
i

|

|

|

]

Lateral resistance (MN)

=]
¥

0 10 20 30 40 50
Lateral digplacement (nm)

Full embedment in soil
(not shown)

o H=122m

Passive resistance (hyperbolic) and
base friction (two-segment) springs
9-node thick shell element (typ.) in parallel,

Note: springs not shown e ® e
N il ont ¢ o

= e — o
s
e —_ ont e

P P e e
o e - Py
€ o (e P

P
Lateral load
AR LR IR I AN I’ \ / e -, Base friction spring 7
Jy{’ W \ ] l \ Y4 \ ""~(two-segmem) /
\ \ \ A b l \ ,
~ ’ ~ ’

~~-—————————————————————————————————
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. FB-MultiPier - New Model Types

I & FE-MultiPier = ul X
File View Control Help

+-BH%M m TEE @D 0 2 losd Case

[ =

Select Mew Model Type >

Model Type Project Data
O Pier Client

() Pile and Cap
() Pile

(O) High Mast Lighting/Sign Project Name
() Retaining Wall
() Sound Wall
() Stiffness

() Pile Bent

() Column Date Computed By
() Bridge 07/23/26

() One Pier Two Span
© Pier with Shallow Foundation Project Description
() Shallow Foundation

Project Manager

Units
© English (mixed units)
sl (kPa, m)

UF [FLORIDA



2 B FB-MultiPier - Pier with Shallow Foundation

W FB-MultiPier File: C:A\Users\Public\Documents\BS \F8-MultiPier\InputFiles\ASRM-2026\Single Pier with shallow foundation MF AASHTO LOAD CASES_74.in

File View Control Help

ol A=l | A B T R E e 1 e

Y Mo bos e | & ooy e v B
- Global Data Model
- Model .
- Analysis Settings Model Type Prujsjct Data
Design Specs. O pier Che.nt
- Dynamics O pile and cap bsi
- Lateral Stability O pile Project Name
i Substrus‘ture (O High Mast Light/sign
-~ Footing L
. () Retaining wall 5
- Pile Project Manager
- Sail O sound wall
MF
- Pier (O stiffness
Extra Members ) pile Bent Date Computed By
- Load e 06/17/26  HTB
- 5prings .
p" g ) O Bridge Project Description
. (O One Pier Two Span a pier on shallow foundation AASHTO Load Combinations
© Pier with Shallow Foundation
(0 shallow Foundation
Xp
Yp
= Soil Ed = [E (=] | @ 0vie = B
Soil Set 1 | (Soil for Footing Element)
-
Elevation (ft) -~
10.0 -~
Layer 1 | Gamma=100 e — 0.5fto.0ft 0.0
I .
| Layer 2 | Gamma=115 -5.01ft
-9.07
-10.0
Global Axes
Layer 3 | Gamma=120 -20.0
Y
3201t | | -30.0 *
s}
Zp
Zz

UF [FLORIDA



UF |

FB-MultiPier - Footing Detall

------ Lateral Stability
= Substructure

Grid Spacing Table

Elevations
Footing Midplane 0.5

Soil Set 1
Top of Layer 1 6.0

Properties
Young's Modulus 4400

Poissons Ratio 0.2
Unit Weight (Footing) 150
Thickness 5

ksi

pcf

2/ Model Data \i/\ﬂ/\g/
= Global Data Footing
------ Model Mesh Generation Footing Dimensions
------ Analysis Settings Xp Yp Xp iz
------ Design Specs. Grids 9 9 ? 26.000  ft 22.000  ft

Soil-Footing Interaction

? Vert. Bearing Resistance Custom
Soil Load
? Unit Weight of Soil on Footing 100 pcf

UNIVERSITY of

FLORIDA



FB-MultiPier - Define Soll Layering

W Model Data \i/\ﬂ/\g/

=~ Global Data Soil %
------ Model Soil Layer Data Shallow Foundation Data
------ Analysis Settings .
-y 9 2  Soil Set Set1 v Add Del Replace Axial Bearing FL Limestone (Rock over Sand) ™
------ Design Specs. c
Dyvnamics Soil Layer layer2 ~  Add Del Replace Lateral Passive FL Limestone 2
------ Lateral Stability Soil Type Rock < Base Friction Hyperbolic (Columb) v
= Substructure Unit Weight 115 pcf Advanced Edit
------ Footing E—
...... Pile Soil Layer Models Elevations
------ Soil | Limestone (McVay) Edit Water Table -5 ft
""" Pier Driven Pile (McVay) Plot Top of Layer O
------ Extra Members
______ Load Hyperbolic Group Bottom of Layer -9
------ Springs Driven Pile (McVay) Table Soil Data Importing and Exporting
Mass/Dampe )
e Specify Top and Bottom Layer Props. Retrieve from File e
& Superstructure Soil Strength Criteria S . )
: } — : . ave to File Export
ide Cyclic Loading Edit SPT Axial Design

UF [FLORIDA



FB-MultiPier - Layer Cases

Case | Layer Cases Recommended FB -MultiPier Models [ Case |Layer Cases Recommended FB -MultiPier Models

Bearing: FL Limestone (Homogeneous) Bearing: FL Limestone (Homogeneous)
la Passive:None le Passive:C-Phi Material

Friction: Hyperbolic (Columb) Friction: Hyperbolic (Columb)

Bearing: FL Limestone (Homogeneous) Bearing: FL Limestone (Homogeneous)
1b Passive:FL Limestone 1f Passive:C-Phi Material

Friction: Hyperbolic (Columb) Friction: Hyperbolic (Columb)

Bearing: FL Limestone (Homogeneous) Bearing: FL Limestone (Rock over Sand)
1c Passive:FL Limestone 2a Passive:FL Limestone

Friction: Hyperbolic (Columb) - Friction: Hyperbolic (Columb)

Bearing: FL Limestone (Homogeneous) Bearing: FL Limestone (Rock over Sanf)
1d Passive:FL Limestone 2b Passive:None

Sand
Friction: Hyperbolic (Columb) Friction: Hyperbolic (Columb)

UF [FLORIDA




FB-MultiPier - Define Soll Layering

= [= @ =®]

Soil Set 1 | (Soil for Footing Element)

Elevation (ft)

10.0
Layer 1 | Gamma=10@ 0.5 ft
2100 ft 0.0
Layer 2 | Gamma=115 -5.0 ft
-9.0ft
-10.0
Layer 3 | Gamma=120 -20.0
-32.0ft |30.0

UF [FLORIDA




FB-MultiPier - Axial Bearing Models

‘
2/ Model Data == \g‘
= Global Data Soil
""" Model Soil Layer Data Shallow Foundation Data
------ Analysis Settings .
______ Desi;n Specs ¢ ? Soil Set Set 1 h Add Del Replace Axial Bearing |FL Limestone (Rock over Sand) v
...... Dyvnamics Soil Layer layer2 ~  Add Del  Replace Lateral Passive [FL Limestone (Homogeneous)
) L . B | FL Limestone (Rock over Sand)
------ Lateral Stabil
Lo ateral Stability Soil Type Rock v Base Frictio Hoek & Brown (Carter & Kulhawy) A
u strutlzture Unit Weight 115 pcf Advanced Linear (Subgrade)
------ Footing —_— Custom
...... Pile Soil Layer Models Elevations
------ Soil Lateral Limestone (McVay) Edit Watef Table -5 ft
""" Pier Axial Driven Pile (McVay) Plot Top df Layer O
------ Extra Members
...... Load Torsional Hyperbolic Group Bottom @f Layer -9
""" Springs Tip Driven Pile (McVay) Table Soil Data Iporting and Exporting
--Mass/Damper -
B, Specify Top and Bottom Layer Props. Retrieve from File e
& Superstructure Soil Strength Criteria .
: . : . . e to File Export
—Bridge Cyclic Loading Edit SPT Axial Design
------ Span Load 2
FL Limestone (Homogeneous)
FL Limestone (Rock over Sand)

Hoek & Brown (Carter & Kulhawy)
Linear (Subgrade)
Custom

UF [FLORIDA




33 N

Footing Dimension —*

Rock Properties

Sand Properties

Axial Bearing - FL Limestone (Rock over Sand) - Soil Set 1

Footing Dimensions

FB-MultiPier - FL Limestone (Rock over Sand) Model

UF [FLORIDA

Footing Width [4 Fe ft
Footing Length 26 ft
Load Eccentricity along Footing Width (eB) 0 ft
Load Eccentricity along Footing Length (el) 0 ft
Inclination Angle 0 deg
Embedment Depth 8 ft
Rock Properties

Total Unit Weight of Embedment Layer e pct
Limestone Formation Miami

Bulk Dry Unit Weight 100 pef
Adjusted Rock Recovery 0.75

Intact Cohesion (c_i) 58.9 psi
Intact Friction Angle (Phi_i) 44.2 deg
Intact Reduced Angle (Omega_i) 08 deg
Intact Modulus, Rock Layer (E_i,rock) 36.59 ksi
Peak Stress (Pp) 306 psi
Mass Cohesion (c_m) 3714 psi
Mass Friction Angle (Phi_m) 31.55 deg
Mass Reduced Angle (Omega_m) 0.6 deg
Mass Modulus, Rock Layer (E_m,rock) 16.74 ksi
Rock Thickness 7 ft
Sand Proeerties

Mass Modulus, Sand Layer (E_soil, m) 45 ksi
Sand Thickness 23 ft
Notes

Strength Envelope (Tau-Sigma Space)
2000
1500 -
z
= 1000 -
=
500 -
0 | | |
0 500 1000 1500 2000
Sigma (psi)
© Tau-Sigma Space - Mass Curve Update Plot
O p-q Space Intact Curve
T
,::’,j}’/
c i |
v i ' H
Opeak g Ppeak P

Settlement Analysis

Edit ?

1. This method assumes a rigid boundary at bottom of the sand layer. See the Help Manual for discussion of FL Limestone rock database and the strength

envelope.

Cancel Show Table
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Axial Bearing - FL Limestone (Rock over Sand) - Soil Set 1

Footing Dimensions

FB-MultiPier - Limestone Formations

Footing Width ? 22 ft
Footing Length 26 ft
Load Eccentricity along Footing Width (eB) 0 ft
Load Eccentricity along Footing Length (el) 0 ft
| Inclination Angle 0 deg
I Embedment Depth 8 ft
Rock Properties
Total Unit Weight of Embedment Layer 115 pcf

Limestone Formation
Bulk Dry Unit Weight Anastasia
Hawthorn
Key Largo
Shallow Ft. Thompson
Ocala

Custom Intact
Custom Mass

Adjusted Rock Recovery

Intact Cohesion (c_i)

Intact Friction Angle (Phi_i)

Intact Reduced Angle (Omega_i)

Intact Modulus, Rock Layer (E_irock) 36.59 ksi
Peak Stress (Pp) 306 psi
Mass Cohesion (c_m) 3714 psi
Mass Friction Angle (Phi_m) 31.55 deg
Mass Reduced Angle (Omega_m) 06 deg
Mass Madulus, Rock Layer (E_m,rock) 16.74 ksi
Rock Thickness 7 ft
Sand Properties

Mass Medulus, Sand Layer (E_soil, m) 45 ksi
Sand Thickness 23 ft

Notes

Strength Envelope (Tau-Sigma Space)

2000

1500 -

psi)

< 1000 -
3
K

500 -

e

0 . .
0 500 1000 1500 2000
Sigma (psi)
© Tau-Sigma Sp - Mass Curve Update Plot
O P-q Space Intact Curve
T
zﬁfﬁ ,,,,,,,, B
e La
C
Opeak
Settlement Analysi
Ecit ?

1. This method assumes a rigid boundary at bottom of the sand layer. See the Help Manual for discussion of FL Limestone rock database and the strength

envelope.

Cancel

Show Table
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: Yt» . : e Gpeak i» - ) : o Pp: o
Formation pef C.psi | o psi ;, a, psi | o, psi Bi
90 42.0 422 444 -3.0 31.1 339 247 -3
95 499 432 498 -1.4 36.4 34.4 274 -14
100 589 442 562 08 422 349 306 038
105 70.9 453 640 37 499 354 345 37
Miami 110 84.1 46.4 730 7.3 58 35.9 390 7.2
Limestone | 115 99.9 473 840 11.6 67.8 36.3 445 114
120 118.8 48.2 969 16.6 79.2 36.7 510 15.9
125 | 1418 | 49.1 1126 | 222 92.8 37.1 588 20.7
130 | 169.0 | 50.1 1314 | 285 | 1084 | 375 682 255
135 | 202.5 | 51.1 1541 354 | 127.1 | 379 795 30.1
300000
o Miami limestone ®
250000
%200000 E[ = 120 X 9x])(0.0572 X ‘i‘d[) °
é #3000 Unconfined
< 150000 ° Compression test
£ . +225 Triaxial Test
2 100000
= .
50000
[ ]
o ° °
0

80 85 90 95100105110115120125130135

Anastasia
Hawthorn

Key Largo

Shallow Ft. Thompson
Ocala

Custom Intact
Custom Mass

Bulk dry unit weight, pcf



0 B FB-MultiPier - Settlement Plot

Settlement Plot X

Deterministic Settlement Analysis
Settlement
Bearing Capacity 32091 psi 0.0
Equivalent Mass Modulus 6.618 ksi
i i 0.1
Poisons Ratio 40 N
Rigidity Factor 0.79
Deterministic Settlement 12.282 in -
- = -80
=
@
£
<@
£
w
Y120 ™
-16.0 \
-20.0
0 100 200 300 400
Bearing Stress (psi)

- Deterministic Curve

Notes

1. Selected settlement curve shown as bold line on the settlement plot. This curve is used for the FB-MultiPier analysis.
2. Settlement Range is the number of standard deviations from the mean settlement estimate.

3. See Help Manual for details on how the Rigidity Factor is used in the calculations.

Cancel Show Table
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FB-MultiPier - Lateral Passive Models

W Model Data

= e )

= Global Data

------ Analysis Settings
------ Design Specs.
D}" namics

------ Lateral Stability
=-Substructure

...... S p ri n g 5
- Mass/Damper

------ Retained So

= Superstructure

lge

Soll
Soil Layer Data
? Soil Set Set 1 ~ Add
Soil Layer layer2 ~  Add
Soil Type Rock
Unit Weight 115 pcf
Soil Layer Models
Lateral Limestone (McVay)
Axial Driven Pile (McVay)

Torsional Hyperbo“c

Tip Driven Pile (McVay)

Del Replace
Del Replace
v
Advanced
Edit
Plot
Group
Table

Specify Top and Bottom Layer Props.

Soil Strength Criteria
Cyclic Loading

Edit SPT

Axial Design

Shallow Foundation Data

Axial Bearing FL Limestone (Rock over Sand) v

Lateral Passive |FL Limestone

RN =ifailely | L Limestone
C-Phi Material
Hyperbolic
Linear (Subgrade)
Custom

Elevations

Top of |ayer 0 ft
Bottom of Layer -9 ft

Soil Data Impforting and Exporting

Retrieve frgm File  |mport

Savito File Export

C-Phi Material

UF [FLORIDA

Hyperbolic

Linear (Subgrade)
Custom

MNone

FL Limestone




FB-MultiPier - FL Limestone

42.

Lateral Passive - FL Limestone - Soil Set 1 X

Footing Geometry

Footing Dimension, Xp Face 22 ft 00 Strength Envelope (p-q Space)
Footing Dimension, Yp Face 26 ft
Depth to Top of Footing (Dt) 0 ft
Depth to Bottom of Footing (Df) 2 ft Arl a Eta 5,' a
Depth of Water Table (Dw) 3
Hawthorn
Embedded Footing Face (H) 2
Rock Properties s HE‘."“ La rg I:l
Total Unit Weight of Embedment Layer pef
Shallow Ft. Thompsen
I Limestone Formation Miami N
m—
Bulk Dry Unit Weight 100 pcf 50 [:] c a I E
Adjusted Rock Recovery 075 ool | Custom Intact (Compression)
Extension Reduction Parameters | -
\ : 150 Custom Mass (Compression)
alpha 1 -200 . . . E 1 :I
- - - - Custom Intact (Extension

cta 0.87 [~ . -
bet 7 — P o) Custom Mass (Extension)

P 05 ]
g O Tau-Sigma Space . Mass Com urve Update Plot
Em 06 O . Mass Extension Curve
Compression  Extension I ntoct Compression curve Extension Reduction Parameters
Intact Cohesion (c_i) 589 589 psi . Intact Extension Curve .I
d
Intact Friction Angle (Phi_i) 44.2 44.23 deg
Intact Reduced Angle (Omega_i) 0.8 0.7 deg T / a //E a | F}h 3 1
Intact Modulus, Rock Layer (E_irock) 36.59 21.95 ksi
¢ < beta 0.7
Peak Stress (Pp) 306 153 psi x ¥
C a
Mass Cohesion (c_m) 3714 37.14 psi ] : {:'. 5-
Opeak g Ppeak p P P
Mass Friction Angle (Phi_m) 3155 31.55 deg u El
Mass Reduced Angle (Omega_m) LS 2 deg iz Em '
1. Click the "Edit’ button for inputs associated with passive resistance analysis
Mass Modulus, Rock Layer (E_m,rock) uazs jCCl ksi of the footing.
Poisson's Ratio 01 gl
Resistance
Cancel Show Table
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FB-MultiPier - Resistance Plot

Resistance Plot - FL Limestone - Soil Set 1 X |

Footing Geometry
Lateral Earth Pressure Force
Footing Dimension, Xp Face 22 ft 3000
Footing Dimension, Yp Face 26 ft
Depth to Top of Footing (Dt) 0 ft 2500 -
Depth to Bottom of Footing (Df) 2 ft
Depth of Water Table (Dw) 5 ft 2000 -
Embedded Footing Face (H) 2
R £1500
Passive Resistance o
Lateral Earth Pressure Ultimate v
Total Unit Weight 15 pef 1000 -
Mass Cohesion (c_m) 5348.16 psf
Mass Friction Angle (Phi_m) 31.55 deg 500 -
Mass Modulus, Rock Layer (E_m,rock) 10040 psi “
Poissons Ratio 0.1 OO 1 2 3 4
Soil/Wall Friction Angle, small delta 21 deg  {in)
Max Lateral Deflection, delta 3 in O Force - Passive Curve (Xp Face)
—_— ) Update Plo
Additional Uniform Surcharge 0 psf O Pressure Passive Curve (Yp Face)
- = = Notes
Passive Resistance (auto-generated, not editable)
1. The overburden pressure is calculated per layering provided by the model.
Property Xp Face Yp Face Units
Initial Elastic Stiffness (Kmax)  ~ 6449.3320 7267.1045 kips/in
Failure Ratio (Rf) 0.9060 0.9027 %
Ult. Lateral Earth Pressure (Pult)| 1818.2988 %  2122.0827 kips
Net Lateral Earth Pressure (Pnet) . 1818.2988 2122.0827 kips
Friction Passive Earth Pressure Coeff (Kpphi) 5.8806 5.8806
Cohesion Passive Earth Pressure Coeff (Kpc) 6.8402 6.8402
Surcharge Passive Earth Pressure Coeff (Kpq) 56011 5.6011
Rankine Active Earth Pressure Coeff (Ka) 03130 03130
Ovesen's 3D Factor (R) 1.0898 1.0762

Cancel Show Table
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FB-MultiPier

- Base Friction Models

------ Analysis Settings
------ Design Specs.

- Dynamics

------ Lateral Stability
= Substructure

Mass/Damper

- Retained So

= Superstructure
- Bridge

--Span Load

<

2  Soil Set Set 1 Add

) Soil Layer Layer2 v Add
Soil Type Rock
Unit Weight 115 pcf
Soil Layer Models
Lateral Limestone (McVay)
Axial Driven Pile (McVay)

Torsional Hyperbo“c

Tip Driven Pile (McVay)

Del Replace
Del Replace
v
Advanced
Edit
Plot
Group
Table

Specify Top and Bottom Layer Props.

Soil Strength Criteria

Cyclic Loading Edit SPT

Axial Design

W Model Data
= Global Data Soil
""" Model Soil Layer Data Shallow Foundation Data

Axial Bearing FL Limestone (Rock over Sand)

Lateral Passive FL Limestone

Base Frictionf Hyperbolic (Columb)
Hyperbolic (Columb)

Top of ’,ayer 0
Bottom of fayer -9
Soil Data Impprting and Exporting

Retrieve frgm File  |mport

Savefto File Export

v

Linear

UNIVERSITY of

FLORIDA

Custom
Mone




FB-MultiPier - Hyperbolic (Coulomb)

Base Friction - Hyperbolic (Columb) - Soil Set 1 X

Footing Width 22 ft Frictional Force
_— 200
Footing Length 26 ft
P Ultimate !4500 kips
Initial Stiffness (K_max) 4000 kips/in 150 -
i Failure Ratio Between P Ultimate (R_f) 0.85
| et 20 w
{ Interface Angle Friction deg o
] 100 |
o
Cohesion 0 psf
Adhesion Factor 0
50 '
Normal Force 468.75 kips
0 . . ‘ .
0 1 2 3 4 5
y (in)

Update Plot

Notes

1. Friction Force in the plot is a function of the normal force input by the user. This plot is only to demonstrate the shape of the curve for a specific
normal loading. During the analysis, the normal load is calculated by self-weight and applied external loads per individual nodes.

Cancel Show Table
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FB-MultiPier - Define Applied Loads

E FB-MultiPier File: C:\Users\Public\Documents\BS\FB-MultiPier\InputFiles\ASRM-2026\Single Pier with shallow foundation MF AASHTO LOAD CASES_T4.in = (] X

Eile View Control Help

1+ ﬂ el % ,P\/f( il T Iﬁ “;' @ D Pier (SF) 1 3 Load Case
Y Model Data EI@ BH Footing Plan Vie
= Global Data Load T 30 vie
Model | nad Case Madal | nads Node #
ANaYS SEINGS oy 333 2
- Design Specs. E LL1 - Live Load | | |Bearing 2L | e
Dyhamics IM1 - Impact Bearing 3L Add Distributed Load
Lateral Stability pel | BR1 - Weh. Braking Bearing 1R Del
=+ Substructure e Remsiemmn
- Foating Prescribed Displacement
-Soitl 0 Xp Load, kips 0
- Pier 0 ¥p Load, kips 0
- Extra Members 330 Zp Load, kips i
Load ] Moment About Xp, kip-ft
- Springs n_. Rdrrnant Abmit Vi binft — \
[ Load Table x oy
Table Edit Options
Load Case Type Mode Force Xp Force Yp Force Zp Moment Xp Moment¥p = Moment Zp
(kips) (kips) (kips) (kip-ft) (kip-ft) (kip-ft)
Compenents and Attachments DC Bearing 1L 0.0000 0.0000 330.0000 0.0000 0.0000 0.0000 Delete Rows
Compenents and Attachments DC Bearing 2L 0.0000 0.0000 330.0000 0.0000 0.0000 0.0000
Compenents and Attachments DC Bearing 3L 0.0000 0.0000 330.0000 0.0000 0.0000 0.0000 . .
. [ Prescribed Displacerent
Compenents and Attachments DC Bearing 1R 0.0000 0.0000 330.0000 0.0000 0.0000 0.0000 i
— - (Applies to all Load Types in Model)
= Compenents and Attachments DC Bearing 2R 0.0000 0.0000 330.0000 0.0000 0.0000 0.0000
— Components and Attachments DC Bearing 3R 0.0000 0.0000 330.0000 0.0000 0.0000 0.0000
Soil Compenents and Attachments DC Node 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Live Load 1 L Bearing 1L 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Live Load 1 L1 Bearing 2L 0.0000 0.0000 54,5000 0.0000 0.0000 0.0000
Live Load 1 L Bearing 3L 0.0000 0.0000 105.5000 0.0000 0.0000 0.0000
Live Load 1 L Bearing 1R 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Live Load 1 L Bearing 2R 0.0000 0.0000 54,5000 0.0000 0.0000 0.0000
Live Load 1 L Bearing 3R 0.0000 0.0000 103.5000 0.0000 0.0000 0.0000
Impact 1 1M1 Bearing 1L 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Impact 1 11 Bearing 2L 0.0000 0.0000 11.6000 0.0000 0.0000 0.0000
Impact 1 M1 Bearing 3L 0.0000 0.0000 19,0000 0.0000 0.0000 0.0000
Impact 1 1M1 Bearing 1R 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Impact 1 1M1 Bearing 2R 0.0000 0.0000 11,6000 0.0000 0.0000 0.0000
Impact 1 M1 Bearing 3R 0.0000 0.0000 15,0000 0.0000 0.0000 0.0000
Veh. Braking 1 ER1 Bearing 1L 0.0000 4.0000 0.0000 0.0000 0.0000 0.0000
Veh. Braking 1 ER1 Bearing 2L 0.0000 4.0000 0.0000 0.0000 0.0000 0.0000
Veh. Braking 1 BR1 Bearing 3L 0.0000 4.0000 0.0000 0.0000 0.0000 0.0000 |
0K Cancel Excel
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FB-MultiPier - 3D Results (Displaced Shape)

H FB-MultiPier File: C\Users\Public\Documents\BSINFE-MultiPier\InputFiles\ASRM-2026\Single Pier with shallow foundation MF AASHTO LOAD CASES_74.in
File View Contrel Help

+ B bl | e r’”\‘vff fe o Iﬁ T R E e N TR Y t N ‘ o °
Tl 3D Results Vie

30 Display Contral B

Total Soil Spring Forces

Display Control

© Displaced Shape
o — In Xp Direction =-1.16603e-08 ki
B o e 0 s Base Friction Component =-4.45613e-09 ki

VA S — Lateral Passive Companent =-7.20415e-09 ki

In Yp Direction =5.26240e-09 kip
Base Friction Component = 1.88297e-09 kip

. Lateral Passive Component = 3.37943e-09 kip
Nodal Displacements

Node # Scale Factor
2 = 10 =

In Zp Direction =4662.76 Kips
Axial Bearing Component = 4662.76 kips

Translation (Global)

X 0 in
5 o) in Eccentricity and Inclination
z 215082 in
Xp Direction
Rotation About (Global) el -0.0in
% -0.00014576 rad Stability Check (L/6) - 53 gin
Y -0.000163636 rad Yp Direction
z o0 rad eB =0

.0in
Stability Check (B/6) - 44.0in
Modal Coordinates (Global)

X 39 in Inclination

o [z - Fh = 0.0 kips
S—— Fv = 4662.76 kips

zZ 6 in Alpha =0.0 deg

Global Axes

UF [FLORIDA
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& FB-MultiPier File: C:\Users\Public\Documents\BSI\FB-MultiPier\| nputFiles\ASRI-

File View

+ iy ¥

Control  Help

RN

Total Soil Spring Forces

3D Display Control
Display Control
© Displaced Shape

Contours
Pier Max and Min Forces

Nodal Displacements
MNode #
2

Translation (Global)

Modal Coordinates (Global)
X 39
Y 264

Z -6

Scale Factor

rad

rad

rad

&

=-1.16603e-08 kip
-4.45613e-09 kip
-7.20415e-09 kip

In Xp Direction
Base Friction Component
Lateral Passive Component

In Yp Direction 5.26240e-09 kip3
Base Friction Component =1.88297e-09 Kips
Lateral Passive Component = 3.37943e-09 kips

In Zp Direction =4662.76 kips
Axial Bearing Component =4662.76 kips

Eccentricity and Inclination

Global Axes

Xp Direction

eL =0.0in
Stability Check (L/6) =52 g in

Yp Direction

eB =0.0in
Stability Check (B/6) = 14 0in

Inclination
Fh = 0.0 kips
Fv = 4662.76 kips
Alpha = 0.0 deg

A

FB-MultiPier - 3D Results (Soil Resistance Forces)

QQe=1=300

In Xp Direction =-1.16603e-08 ki
Base Friction Component =-4.45613e-09 ki
Lateral Passive Component =-7.20415e-09 ki

In Yp Direction =5.26240e-09 ki
Base Friction Component =1.88297e-09 ki
Lateral Passive Component = 3.37943e-09 ki

In Zp Direction =4662.76 Kips
Axial Bearing Component =4662.76kips

Eccentricity and Inclinatior

Xp Direction

eL =0.0in
Stability Check (L/6) - 53 gin

Yp Direction
eB =0.0in
Stability Check (B/6) - 44.0in

Inclination

Fh = 0.0 kips
Fv = 4662.76 kips
Alpha = 0.0 deg




Contours

UF |

Contour Type Soil Resistance

Stress Type M1

Displacement Type X Translation

FB-MultiPier - Contour (Bearing Resistance)

Soil Resistance Type

0
[] Reverse Colors For Pl Friction X
Friction ¥

Bearing Resistance

[ FE-MultiPier File: C:\Users\Public\Documents\BSI\FB-MultiPier\InputFiles\ASRM-2026\Single Pier with shallow foundation MF AASHTO LOAD CASES 74.in - [m} X
File View Control Help
+ B [ ] ﬁ N il b Im ﬁ’i' E] D Pier (5F) 1 2|loadComb. ~ +1.50DC + 1.00WA Q Q 4@ f = -. ° °
3D Display Control Tl 3D Results View E@
Display Control 57.02 Total Soil Spring Forces
I o(m:murs i In Xp Direction =-1.16603e-08 ki
A i B Base Friction Component =-4.45613e-09ki
S Py — Lateral Passive Component = -7.20415e-09 ki
e In ¥p Direction =5.26240e-09 kip
Base Friction Component = 1.88297e-09 kip
56.55 Lateral Passive Component = 3.37943e-09 kip
¥ ;
4 In Zp Direction = 4662.76 kips
Axial Bearing Component = 4662.76 kips
Eccentricity and Inclination
5602 36.05 Xp Direction

Footing Soil Resistance Contours
Bearing Resistance (psi)

Customn Range

[ Use Custom Range Minimum 360228 psi

Maximum 37.0238 psi

Update
Motes Global Axes
1. The contour plot displays on the displaced model in the 30 Results
View. Y
X
2. 5oil Resistance is only available in conjunction with Shallow Foundation
modeling.
z

.0in
Stability Check (L/6) - 52 gin
¥p Direction
0.0in
Stability Check (B/6) - 44.0in

Inclination

Alpha =0.0deg

=0.0kips
=4662.76kips

UNIVERSITY of
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FB-MultiPier - Contour (Bearing Resistance)

B FE-MultiPier File: C:\Users\Public\Documents\BSI\FB-Mul tiPier\InputFiles\ASRM-2026\Single Pier with shallow foundation MF AASHTO LOAD CASES 72.in = (] X
File View Control Help
H . B [ | ﬁ N il T ﬁlf @ D Pier (SF) 1 C|LoadComb. ~ +1.25DC +1.75LL1+ 1.75IM1 + 1.75BR1 + 1.00WA Q Q « t ‘ ‘ o °
3D Display Control Wl 3D Results View EI@
Display Control 86.72 Total Soil Spring Forces
| ocontours InXp Direction =-4.10020e-06 ki
P — 76.97 Base Friction Component = 0,00488 kips
pile Max and Min Eorces Lateral Passive Component = -0.00489 kips
-7 66.97 . . - .
Contours e In¥p Direction =42.0kips
Base Friction Component  =15.0%kips
56.97 Lateral Passive Component = 26.91 kips
Contour Type Soil Resistance ~
InZp Direction =4587.73 kips
46.97 Axial Bearing Component =4587.73 kips
Stress Type M1
L/
: ; : 36.97 v
Displacement Type X Translation
Eccentricity and Inclination
Soil Resistance Type | Bearing Resistance 2697
YB 2, Xp Direction
23.48
g el =21.81in
[] Reverse Colors For Pl Friction X Footing Soil Resistance Contours Stability Check (L/6) =52 gin
Friction ¥ Bearing Resistance (psi)
¥p Direction
eb -

UF |

Customn Range

[ Use Custom Range Minimum 360228 psi
Maximum 37.0238 psi
Update
Motes Global Axes

1. The contour plot displays on the displaced model in the 30 Results
View. X ¥y

2. 5oil Resistance is only available in conjunction with Shallow Foundation
modeling.

6.831in
Stability Check (B/6) - 44,0 in

Inclination
Fh =42.0Kips
Fv =4587.73kips
Alpha =0.52 deg
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FB-MultiPier - Contour (Base Friction)

W FE-MultiPier File; C:\Users\Public\Documents\BSI\FB-M ultiPier\InputFiles\ASRM-2026\Single Pier with shallow foundation MF AASHTO LOAD CASES_72.in = O x
File View Contrel Help

- — — i
) E =] m N i b g Iili I ﬁ] |:| Pier (SF) 7 *|load Comb. ~ +1.25DC +1.35LL1+ 1.35IM1 - 1358R1 + 1.00WA + 1.00V Q Q « “ » 'v e °
— AL

3D Display Control ﬁ 3D Results View EI@
Display Control 0.22638 Total S0l Spring Forces

I oCm:murs i In Xp Direction =47.75kips
e ——— 0.22548 Base Friction Component =18.52kips

pile Max and Min Forces Lateral Passive Component = 29.23 kips

0.22448 InYp Direction =-13.32kips
Base Friction Component =-4.78kips
Lateral Passive Component = -8.54 kips
Nodal Displacements 0.22348
Node# Scale Factor In Zp Direction =4427.25 kips
1 - 5 - Axial Bearing Component  =4427.25kips
Translation (Global) 0.22248
X 0.00465197 in
¥ -0.00121957 in 0.22148 Eccentricity and Inclination
7 0941477 in
- 022074 Xp Direction
Rotatian Abaut (Global) - el =25.86in

X -0.000730724 rad Footing Soil Resistance Contours
Friction X (psi)

Stability Check (L/6) = 53 g in
¥ -000863301  rad Yp Direction
z 0 rad eB =-1.8in

e Stability Check (B/6) = 44.0in

Modal Coordinates (Global)

x 0 in Inclination

- Fh =49.57 kips
vEe o Fv =4427.25kips
z 6 in Alpha =0.64 deg

Global Axes
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