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Beamon Elastic Foundation

In some applications such as grade beams in prefabricated buiddidgembinedfootingsfor industrial tanks and
equipmentthe member subjected to loads is supported onmeniselasticfoundationssuch asoil or flowable fill.
That is the reactions due to external loading is distributed along the length of the mEmalfagure below Isowsa
general footing and load data, tlteads are factored andaybe obtained frm building column reactions or an
equipment vendadioadingdata In this examplethe loads are frora horizontakank supports and are the full width
of the footing.Thefinite elementanaysis resultsn the Referencare compared with resultbtainedfrom spBeam

engineering software program frotructurePoint

P, = 1350 kN P,, = 2025 kN

rT M,, = -108 KN-m M,, =81 KN-m ﬁ\

Wall or Column

,J\ﬁ,/ -
457m 0.95m ﬂ‘
-~ 040m Nodes 046 m ——n] f
0.60 m
1 23 4 5 6 7 8 9 10 11 12 13
6.38 m

Span/Elemen 1-2 | 23 | 34 | 45| 56 | 67 | 7-8 | 89 | 9-10| 1011 | 11-12 | 12-13
Length m 020020 |030|0.61|1.07|1.07|091|061|0.23| 023 | 045 | 0.50

Figureli FootingCrossSection
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Code
Building Code Requirements for Structural Concrete (ACIN81RI) and Commentary (ACI 318R-14)

Reference
Foundation Analysis and Biyn, 5th Edition,1997, Joseph E. Bowle®cGraw-Hill Companies Example9-6
spBeam Engineering Software Program Manual v550cturePoint2018

Design Data
fc6=21 MPa
E. =21500 MPa
ks = 22000 kN/m (Soil Subgrade Modulus)
Footing length = 6.38 m
Footing width = 2.64 m

Loading:

Pu1= 1350 kN My = -108 kN-m

Pu2 = 2025 kN My = 81 kN-m
Solution

1. Beamon Elastic FoundationAnalysis - Finite Element Method

The refeence mentiosithat he finiteelement method (FEM) isne ofthe most efficient means fanalyzinga
beamon-elastic foundatiomproblem. It is easy to account for boundary conditions (such as a point where there is
no rotation or transkion), beam weight, @nonlinear soil effectsThe reference usedlFEMcomputer program

to obtain textesultsoutputshown below
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DATA SET FOR EXAMPLE 9-6 SI-UNITS

+++++++++++++++++ THIS OUTPUT FOR DATA FILE: EXAM96.DTA

SOLUTION FOR BEAM ON ELASTIC FOUNDATION-=ITYPE = 0 +++++++

NO OF NP = 26 NO OF ELEMENTS, NM = 12 NO OF NON-ZERO P, NNZP = 4
NO OF LOAD CASES, NLC = 1 NO OF CYCLES NCYC = 1
NODE SOIL STARTS JTSOIL = 1
NONLINEAR (IF > 0) = 1 NO OF BOUNDARY CONDIT NZX = O
MODULUS KCODE = 1 LIST BAND IF > 0 = O
IMET (SI > 0) = 1
MOD OF ELASTICITY B = 21500. MPA
MEMNO NP1 NP2 NP3 NP4 LENGTH WIDTH INERTIA, M*+*4
1 1 2 3 4 .200 2.640 .47520E-01
2 3 4 5 6 .200 2.640 .47520E=-01
3 5 6 7 8 .300 2.640 .47520E~01
4 7 8 9 10 .610 2.640 .47520E~-01
5 9 10 11 12 1.070 2.640 .47520E-01
6 11 12 13 14 1.070 2.640 .47520E=-01
7 13 14 15 16 .910 2.640 .47520E-01
8 15 16 17 18 .610 2.640 .47520E-01
9 17 18 19 20 .230 2.640 .47520E=-01
10 19 20 21 22 . 230 2.640 .47520E-01
11 21 22 23 24 . 450 2.640 .47520E-01
12 23 24 25 26 .500 2.640 .47520E-01
THE INITIAL INPUT P-MATRIX ENTRIES
NP LC P(NP,LC)
3 1 -108.000
q 1 1350.000
19 1 B1.000
20 1 2025.000
THE ORIGINAL P-MATRIX WHEN NONLIN > 0 ++++++
1 .00 .00
2 -108.00 1350.00
3 .00 .00
1 .00 .00
5 .00 .00
6 .00 .00
7 .00 .00
8 .00 .00
9 .00 .00
10 81.00 2025.00
11 .00 .00
12 .00 .00
13 .00 .00

THE NODE SOIL MODULUS, SPRINGS AND MAX DEFL:
NODE SOIL MODULUS SPRING, KN/M MAX DEFL, M

1 22000.0 11616.0 .0500
2 22000.0 11616.0 .0500
3 22000.0 14520.0 .0500
4 22000.0 26426.4 .0500
9 22000.0 48787.2 Q500
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6 22000.0 62145.6 .0500
7 22000.0 57499.2 .0500
8 22000.0 44140.8 .0500
9 22000.0 24393.6 .0500
10 '22000.0 13358.4 .0500
11 22000.0 19747.2 .0500
12 22000.0 27588.0 .0500
13 22000.0 29040.0 -0500

BASE SUM OF NODE SPRINGS = 370550.4 KN/M NO ADJUSTMENTS
* = NODE SPRINGS HAND COMPUTED AND INPUT

MEMBER MOMENTS, NODE REACTIONS, DEFLECTIONS, SOIL PRESSURE, AND LAST USED P-MATRIX FOR LC = 1

(EMNO MOMENTS--NEAR END 1ST, KN-M NODE SPG FORCE, KN ROT, RADS DEFL, M SOIL Q, KPA P-, KN-M P-, KN
1 -014 -27.486 1 137.35 -.00253 .01182 260.12 .00 .00
2 -80.742 257.008 2 131.47 -.00253 .01132 248.99 -108.00 1350.00
3 -297.074 574.550 3 157.02 -.00250 .01081 237.51 .00 .00
4 -574.568 976.292 4 266.45 -.00237 .01008 221.82 .00 .00
5 =976.300 1223.258 S 427.76 ~.00190 00877 192.89 .00 .00
6 -1223.256 983.240 6 455.11 -.00075 00732 161.11 00 00
7 ~983.243 404 .543 7 411.62 .00040 .00716 157.49 .00 .00
8 -404.557 -194.635 8 346.31 .00102 .00785 172.60 .00 .00
9 194.540 ~-468.397 9 207.48 .00108 . 00851 187.13 .00 .00

10 549,286 -384.339 10 116.85 .00101 00875 192.45 81.00 2025.00
11 384.351 -141.243 11 177.07 .000%0 .00897 197.27 .00 .00
12 141.230 -.004 12 257.717 .00079 .00934 205.56 .00 .00

13 282.44 .00075 .00973 213.97 .00 .00
SUM SPRING FORCES = 3374.71 V8 SUM APPLIED FORCES = 3375.00 KN

{(*) = SOIL DISPLACEMENT > XMAX SO SPRING FORCE AND Q = XMAX*VALUE ++++++++++++
NOTE THAT P-MATRIK ABOVE INCLUDES ANY EFFECTS FROM X > XMAX ON LAST CYCLE ++++++++++

FOLLOWING IS DATA SAVED TO DATA FILE: BEAM1.PLT
REFER TO "READ" STATEMENT 2040 FOR FORMAT TO USE FOR PLOT PROGRAM ACCESS
SHEAR V(I,1),V(I,2) MOMENT MOM(I,1) , MOM(I, 2)

NODE LENGTH KS COMP X,MM XMAX LTORT RTORB LT OR T RT OR B
1 .000 22000.0 11.824 50.000 .00 -137.386 .0 .0
2 .200 22000.0 11.318 50.000 -137.36 1081.33 -27.5 80.7
3 -400 22000.0 10.814 50.000 1081.33 924.92 297.0 297.1
4 700 22000.0 10.083 50.000 924.92 658.56 574.6 574.6
5 1.310 22000.0 8.768 50.000 658.56 230.80 976.3 976.3
6 2.380 22000.0 7.323 50.000 230.80 -224.31 1223.3 1223.3
7 3.450 22000.0 7.158% 50.000 -224.31 =635.93 983.2 983.2
8 4.360 22000.0 7.846 50.000 -635.93 =-982.28 404.5 404.6
9 4.970 22000.0 8.506 50.000 -982.28 -1190.68 -194.6 -194.5

10 5.200 22000.0 8.748 50.000 =-1190.68 717.16 -468.4 -549.3
11 5,430 22000.90 8.967 50.000 717.16 540.24 -384.3 -384.4
12 5.880 22000.0 9.344¢ 50.000 540.24 282.45 -141.2 -141.2
13 6.380 22000.0 9.726 50.000 282.45 .c0 .0 .0
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2. Beamon Elastic FoundationAnalysis and Design spBeamSoftware

spBeanis widely used for analysis, design and investigation of beamesyay slab systems (including standard
and wide module joist systemahd beams on elts foundationsper latest American (ACI 318) and Canadian
(CSA A23.3) codesspBeamcan be used for new designs or investigatdrexisting structural members
subjected to flexure, shear, and torsion loads. Witladgpto integrate up to 20 spans and two cantilevers of
wide variety of floor system typespBeanis equipped to provide cesffective, accurate, and fast solutions to

engineering challenges.

spBeamprovides top and bottom bar details including development lengths and material quantities, as well as
live load patterning and immediate and lelegm deflection results. Using the moment redistribution feature
engineers can delivesafe designs with savings in materials and labor. Engaging this feature allows up to 20%

reduction of negative moments over supports reducing reinforcement congestlmseiareas.

Beam analysis and design requires engineering judgment in most sisuatiproperly simulate the behavior of

the targeted beam and take into account important design considerations such as: designing the beam as
rectangular or Ishaped sections; usingetkeffective flange width or the centiercenter distance between the

beam and the adjacent beams. Regardless which of these options is sgiétadprovide users with options

and flexibility to:

Design the beam asrectangular crossection or a Ishaped section.
Use the effectiver full beam flange width.

Include the flanges effects in the deflection calculations.

Invoke moment redistribution to lower negative moments

Using gross (uncracked) or effective (cratkenoment of inertia

Design the beam as singly or doubly reinforcextisa.

N o g M wDdh P

Analyze and Design beams on elastic foundations.

For illustration and comparison purposes, the following figures provide a sample of the results obtained from an
spBeamanalysiamodel created for the beamn ebstic foundatiorcovered in thigase studyNote thathe vertical

support spring constark;, input inspBeanis calculated as the soil subgrade modulygjiken in theeference
multiplied by the tributary areaf the node. For end nodes (node 1 and 13), the vertippbst spring constants

are doubled to comply with the recommendatiothmreferencéor a beam on elastic foundation problem.

Highlights of the resulting output are shown below. Detailed ousputovided inthe Appendix
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108 KNm B1kNm

CASE: LC1

Figure2i Applied Loads $pBean)
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Shear Diagram - kN

Moment Diagram - kNm
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3. Comparison of Design Results

Table 1- Comparison of Results (Shear and Bending Moment)

span | Node Shear, kN Bending Moment, kNm
Reference spBeam | Difference % Reference spBeam | Difference %
1.9 1 -137.36 137.21 -0.11 0.00 0.00 0.00
2 -137.36 137.21 -0.11 -27.50 27.44 -0.22
2.3 2 1081.33| -1081.45 0.01 80.70 -80.56 -0.17
3 1081.33| -1081.45 0.01 297.00 -296.85 -0.05
34 3 924.92 -924.57 -0.04 297.10 -296.85 -0.08
4 924.92 -924.57 -0.04 574.60 -574.22 -0.07
45 4 658.56 -658.31 -0.04 574.60 -574.22 -0.07
5 658.56 -658.31 -0.04 976.30 -975.79 -0.05
56 5 230.80 -230.82 0.01 976.30 -975.79 -0.05
6 230.80 -230.82 0.01 1223.30| -1222.77 -0.04
6.7 6 -224.31 224.21 -0.04 1223.30| -1222.77 -0.04
7 -224.31 224.21 -0.04 983.20 -982.87 -0.03
7.8 7 -635.93 635.94 0.00 983.20 -982.87 -0.03
8 -635.93 635.94 0.00 404.60 -404.17 -0.11
8.9 8 -982.28 982.45 0.02 404.60 -404.17 -0.11
9 -982.28 982.45 0.02 -194.60 195.12 0.27
910 9 -1190.68 1190.05 -0.05 -194.50 195.12 0.32
10 -1190.68 1190.05 -0.05 -468.40 468.83 0.09
1011 10 717.16 -717.99 0.12 -549.30 549.83 0.10
11 717.16 -717.99 0.12 -384.30 384.70 0.10
11-12 11 540.24 -540.75 0.09 -384.40 384.70 0.08
12 540.24 -540.75 0.09 -141.20 141.36 0.11
12-13 12 282.45 -282.72 0.10 -141.20 141.36 0.11
13 282.45 -282.72 0.10 0.00 0.00 0.00

" Shear and Moment Diagrams sign convamis based on the downward force being positive in the reference

11
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Table 2- Comparison of Results (Deflectisand Support Reactiops
Span | Node Deflectiors, mm Support Reactions, kN
Reference spBeam | Diff erence % Reference spBeam | Diff erence %
1.2 1 11.82 11.81 -0.08 137.35 137.21 -0.10
; 11.32 11.31 -0.09 131.47 131.34 -0.10
2-3 3
3 10.81 10.80 -0.09 157.02 156.88 -0.09
3-4 4
2 10.08 10.07 -0.10 266.56 266.26 -0.07
4-5
2 8.77 8.76 -0.11 427.76 427.49 -0.06
5-6 5
5 7.32 7.32 0.00 455.11 455.03 -0.02
6-7
; 7.16 7.16 0.00 411.62 411.73 0.03
7-8 3
3 7.85 7.85 0.00 346.31 346.51 0.06
8-9 9
9 8.51 8.51 0.00 207.48 207.61 0.06
9-10 10
10 8.75 8.75 0.00 116.85 116.96 0.09
1011
ﬁ 8.97 8.97 0.00 177.07 177.24 0.10
11-12 12
12 9.34 9.35 0.11 257.77 258.02 0.10
1213 13 9.73 9.74 0.10 282.44 282.72 0.10
X 3374.7 3375 001

The results of theeference useillustrated above are ipreciseagreement with the automated results obtained from

thespBeanprogram

12
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4. Observations

4.1 Beam on Elasc Foundatiori Flexural ReinforcemeriDesignandDetailing

For this example, mtiple spans arassigned in thepBeanmodelto capture the location of all the nodes the reference
usedin their finite element modelUsing this approach lda tothe minimum reinforcement requireidr eachof the
theoretical modedpars. Investigation mode ispBeanallows the user to adjust the minimum required reinforcement

(as dsigned) to meet detailing requirement (as detailed) as shown below:
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Figure7 i As DesignedrlexuralReinforcemenfi Design Mode $pBean)
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4.2 Beamon Elastic Foundatioh BeamShearStrength

spBeanshows thathis beamon elastic foundatiohas instficient oneway sheastrengthnearthe piersas indicated
by the capacity curve (brown lineJhe followingoptionsamong othersan be used tmcrease theneway (bean)
shear capacity

1. Adding transverseeinforcement (shear stirrups).

2. Increase the beam thicknessdor width.

3. Increase the concrete compressive strength.

4

Refine the loading and loapplication

12000 1190.05

! 1180.05

13721

T
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Figurelli Beam on Elastic Foundation Shé&irength (spBean)
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5. Conclusions

Simple, quick, yet accurate analysis resultspBeamProgram for internal forces (Shear & Bending Moment),
deflectiors, and support reactions aneagreementvith the Finite Element Methoahalysisby Bowles.Similarly, as
shown belowspMatsengineering softwargrogramfrom StructurePointan be utized to model thdoeam on elastic
foundationand usethe Finite Element MethodA sample of spMats FEM analysis resulisgiven below for the

displacement contoushowing close agreement with spBeam resuitsraference values.

Figurel2i DisplacemenView for the Combined FootingpMatg
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