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Every structural design ultimately answers a 
deceptively simple question: how much load 
arrives at each column, each wall and each 
footing? Getting that answer right governs 
member sizing, foundation design and, 
increasingly, the cost and carbon of a project. 
Yet as buildings become taller and more 
irregular, the path that load follows from roof to 
ground is rarely obvious.

Load take-down (LTD) is the process of 
summing permanent, imposed, snow and 
other gravity actions storey by storey and 
tracing them through the loadbearing structure 
to the foundations. Traditionally performed 
by hand or in a spreadsheet using tributary 
areas, it remains one of the most common 
]erifi Jation tasRs in any WraJtiJe – and one 
of the easiest to get subtly wrong when the 
structure stops behaving like a stack of simply 
supported elements.

Why load take-down matters
LTD results (Figure 1) feed directly into three 
downstream activities: foundation design (axial 
loads and, where relevant, base moments at 
each support point), vertical member design 
(the accumulated axial force in columns and 
walls), and transfer-structure design (where 
load changes path through beams, walls or 
trusses). An error introduced high in the building 
propagates all the way to the foundations, so 
Jonfi denJe in the taRe�down is Jonfi denJe in 
the whole gravity system.

LTD is also a primary communication 

tool. Reactions at the base are what the 
geotechnical engineer needs; column loads 
are what the connection designer and the 
contractor pricing the frame want to see. A 
clear, auditable take-down is therefore as 
much a deliverable as it is an analysis step.

Tributary area vs FEM load paths
The classic hand method assigns to each 
]ertiJaS eSement the Soad from the Å oor area it is 
ass\med to s\WWort – its trib\tary �or inÅ \enJe� 
area. For an orthogonal grid of one-way or 
two-way slabs on regularly spaced columns, 
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Load take-down analysis in 
structural FEM software
This CPD module, sponsored by SCIA, 
introduces best-practice guidelines for load 
take-down (LTD) analysis – the determination 
of how vertical loads accumulate and travel 
down through a building to its foundations. 
It explains when a simple tributary-area 
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element approach is required, and how the 
dedicated LTD capability introduced in SCIA 
Engineer V2027 bridges the two.
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Associate and Technician members of the Institution 
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FIGURE 1: Accumulation of axial force down a single column line. 
Each fl oor adds its tributary share to the running total
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load down the wrong path from the very top of 
the building.

A one-way slab – long and narrow, or 
detailed to span in a single direction – delivers 
essentially all its load to the two supports 
it spans between, and almost none to the 
edges parallel to the span. A two-way slab, 
square or close to it, shares its load between 
all four edges in proportions that depend 
on the aspect ratio. The classic tributary 
shapes follow directly: rectangular strips for 
one-way action, and the familiar triangles 
and trapezoids for two-way action. Get the 
spanning direction wrong and the tributary 
areas – and therefore every load further down 
that path – are wrong with it.

The distinction matters most where it is least 
obvious. A slab that the designer intends to 
sWan one way may, onJe modeSSed as a finite 
element plate, distribute load in two directions 
aJJording to its reaS stiffness, X\ietSy Soading 

tributary areas give fast, transparent and 
perfectly adequate results.

;he method breaRs down when stiffness, 
not geometry, decides where load goes. 
Continuous slabs redistribute load toward 
stiffer s\WWorts" deeW transfer beams hang 
load from points far from the tributary 
bo\ndary" differing JoS\mn stiffnesses 
attract unequal shares of a shared slab. 
In all of these, the real load path follows 
reSati]e stiffness, whiJh generaSSy needs a 
finite eSement modeS �-,4� to be JorreJtSy 
captured (Figure 2).

)\PSKPUg�JVYLZ!�H�Z[PɈULZZ�KYP]LU�
special case
Lift and stair cores are the clearest illustration 
of why stiffness, not trib\tary geometry, 
governs load path. As reinforced concrete 
walls running the full height of the building, 
Jores are tyWiJaSSy far stiffer a_iaSSy and 
Åe_\raSSy than the JoS\mns aro\nd them 
– so an -,4 modeS ro\tineSy W\SSs in Åoor 
load from well beyond the core’s nominal 
trib\tary bo\ndary, WartiJ\SarSy on Åat sSabs 
and transfer Åoors� /and trib\tary methods, 
whiJh assign Soad W\reSy by adjaJent Åoor 
area, systematically understate this. Cores 
also accumulate substantial self-weight from 
the walls themselves over many storeys, 
which a take-down must track separately 
from the redistributed slab load. Because 
core geometry – wall thickness, openings, 
Jo\WSing beams – often Jhanges Åoor to Åoor, 
Wer�storey reWorting is not oWtionaS here" it is 
the onSy way to JatJh a stiffness Jhange that 
silently alters the load split below it.

;OL�YLHJ[PVU�[V�SVHK�
problem in 3D models
0f modeSSed JorreJtSy, a f\SS �+ -,4 modeS 
gives accurate support reactions, so it might 
seem that LTD is solved automatically. The 
diѝJ\Sty is that a gSobaS modeS ret\rns a 
reaction at the base of each element but does 
not, by itself, tell the engineer how much of 
that reaction originated on each individual 
Åoor, nor how Soad sWSit between WaraSSeS Waths 
on the way down.

,ngineers freX\entSy need the storey�by�
storey Jontrib\tion – for e_amWSe, to JheJR 
a column at an intermediate level, to verify a 
transfer beam, or to provide a geotechnical 
engineer with a breakdown of permanent 
]ers\s imWosed Soad at a footing� ,_traJting 
that information from raw reactions is tedious 
and error-prone, which is precisely the gap a 
dediJated 3;+ tooS fiSSs�

Load paths and 
transfer structures
Where a column or wall does not run 
continuously to the foundation, its load must 
transfer horizontally through a beam, a wall 
acting as a deep beam, or a truss before 
continuing down (Figure 3). Transfer levels 
are the highest-risk points in any take-down: 

a small modelling error multiplies because the 
transferred load is large and concentrated
´| *onfirm that the transfer eSement is stiff 

enough that the assumed load path is 
reaSistiJ" a Åe_ibSe transfer beam may shed 
Soad baJR to adjaJent stiffer Waths�

´| Check both the element receiving the load 
and the eSements it hands off to – forJe that 
disappears from one path must reappear 
in another. 

´| Treat the transfer reaction as a design action 
in its own right, with permanent and variable 
parts kept separate for combination.

OUL�^H`�]Z�[^V�^H`�
load distribution
Before any load can be taken down, it must 
first be deJided whiJh way it goes� ;he 
sWanning beha]io\r of eaJh Åoor go]erns 
which beams, walls and columns collect its 
load, and a wrong assumption here sends 

FIGURE 2: )or irregular grids and stiσ�fle[ible suSSort coPbinations� tributary areas �leIt� 
and the true )E0 distribution �right� can diσer ParNedly

FIGURE 3: $ discontinuous coluPn transIers its accuPulated load through a 
beaP to adMacent suSSorts� 7he taNe�doZn Pust IolloZ the redirected Sath
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supports that the hand calculation assumed 
carried nothing. Conversely, forcing a genuinely 
two-way slab into a one-way assumption can 
overload the spanning supports and leave the 
others unconservatively light.

For the take-down, this has a practical 
consequence: the load path assumed for 
distribution must be consistent with how 
the slab is actually modelled and reinforced. 
Where the two disagree, the total reactions 
can still balance the applied load while 
individual supports receive the wrong share, 
so the warning sign is the distribution between 
supports rather than the global total.

Common pitfalls
´| Double counting at shared supports – 

the same area assigned to two elements, 
inÅating totaS Soad abo]e the aWWSied Soad� 
How to catch it: the sum of base reactions 
exceeds the total applied gravity load, or 
a storey’s contribution to a shared support 
jumps in a way the tributary geometry 
doesn’t explain.

´| Lost load – the sum of base reactions 
failing to equal the total applied gravity load. 
How to catch it: reconcile the two for a 
single unfactored load case, then isolate the 
taRe�down storey by storey to find where 
the shortfaSS first aWWears, and insWeJt the 
load assignments, connectivity and traced 
load path at that level.

´| Ignoring self-weight of vertical 
members, whiJh Jan be signifiJant in 
tall concrete structures. How to catch it:
compare each storey increment against 
the member volume multiplied by its unit 
weight, or inspect a self-weight-only case 
and Jonfirm that a JoS\mn stiSS gains Soad 
between Se]eSs where no Åoor Soad is 
applied above.

´| Mishandling imposed-load reduction.
Codes permit a reduction in imposed load 
on columns and foundations supporting 
several storeys, on the statistical basis 
that aSS Åoors are \nSiReSy to be f\SSy Soaded 
at once. A take-down that does not keep 
the number of contributing storeys visible 
cannot apply this reduction correctly – 
applying it inconsistently between the 
column and foundation checks, or omitting 
it, may signifiJantSy o]ersiae Sower JoS\mns 
and footings. How to catch it: compare the 
number of contributing storeys used at each 
level against the code’s reduction table, and 
Jonfirm the JoS\mn JheJR and the footing 
check below it use the same storey count 
– a mismatch between the two is the most 
common sign of inconsistent application.

´| Mixing characteristic and design 
values, so that factored loads are 
inadvertently factored again. How to catch 
it: back-calculate – divide the reported 
total by the partial factor you expect was 
applied; if a nominally ‘characteristic’ total 
already looks pre-factored, or the design 
total is high by roughly a partial-safety-

by action and compared on an unfactored, 
unreduced basis.

The second is a plausibility check against 
an independent estimate – typically a quick 
tributary hand calculation for a handful of 
representative elements: one on a regular grid, 
one adjacent to a core, one below a transfer. 
Here, disagreement is expected rather than 
alarming, particularly near cores and transfer 
structures, because the model-based take-
down e_ists WreJiseSy to JaWt\re the stiffness�
driven redistribution a tributary estimate cannot.

No single percentage separates an 
aJJeWtabSe differenJe from a worrying one, so 
judge each discrepancy against the accuracy 
expected of the check and its consequence 
for the design. On a regular grid, a few per 
cent is noise. Near a core or below a transfer, 
differenJes of tens of Wer Jent are normaS, 
because the model captures redistribution that 
a tributary estimate cannot.

A differenJe aWWroaJhing a faJtor, howe]er, 
stiSS has to be e_WSained by a stiffness effeJt that 
Jan be identified� 3oad attraJted toward a Jore 
or a transfer eSement is Jonsistent with how stiffer 
elements behave, but less load than the tributary 
estimate can be equally legitimate, where a 
Åe_ibSe transfer beam sheds Soad, a JraJRed Jore 
Soses stiffness, or hanging aJtion inter]enes�

factor multiple against a quick characteristic 
hand estimate, values have been mixed 
somewhere in the chain.

Verifying a load take-down
An LTD – whether by hand or by model – is 
only as trustworthy as the checks run against 
it, and those checks fall into two distinct 
kinds that should not be judged against the 
same tolerance.

;he first is a gSobaS eX\iSibri\m JheJR! does 
the sum of every base reaction equal the total 
applied gravity load? This is a bookkeeping 
check on the take-down’s own internal 
consistency, not a check of whether its 
assumptions are realistic. It should close almost 
exactly, and even a small unexplained residual 
is worth investigating rather than dismissing, 
since at this level a gap almost always traces to 
a sWeJifiJ, findabSe error! a missing Soad Jase, 
an unconnected node, a load applied at the 
wrong storey, or an element excluded from the 
traced path.

Because it compares the take-down against 
the model’s own applied load, it cannot reveal 
a Soad that was sWeJified wrongSy in the first 
place; that requires a permanent and imposed 
load total built independently from the drawings 
and the Soading sWeJifiJation, ReWt seWarate 

FIGURE 4: Load take-down analysis in SCIA ENGINEER – 
accumulation of axial force through the columns to the supports
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The questions that matter are whether 
the diff erenJe is e_WSained by the modeSSed 
stiff ness, and whether it Jhanges a member 
siae or a fo\ndation deJision" where it does, 
test mesh density, JraJRed ]ers\s \nJraJRed 
stiff ness and s\WWort fi _ity before reSying on 
the result.

Load take-down in 
SCIA Engineer V2027
S*0A ,ngineer =���� introd\Jes a dediJated 
3;+ JaWabiSity that worRs direJtSy on the 
analysis model rather than as a separate 
sWreadsheet e_erJise� 0t traJes gra]ity aJtions 
thro\gh the modeSSed Soad Wath and reWorts, 
for any seSeJted JoS\mn, waSS or s\WWort, the 
aJJ\m\Sated Soad (Figure 4).

)eJa\se it reads the same geometriJaS 
modeS \sed for anaSysis and design, the 
taRe�down stays Jonsistent with the str\Jt\re 
as it e]oS]es – when a grid, sSab thiJRness or 
s\WWort Jhanges, the taRe�down \Wdates with 
it� Res\Sts Jan be Wresented Wer storey for 
transWarenJy, and the totaSs reJonJiSe against 
the gSobaS aWWSied Soad so that Sost or do\bSe�
Jo\nted Soad is Ja\ght immediateSy�

/owe]er, aStho\gh the 3;+ r\ns its own 
n\meriJaS modeS, b\iSt sWeJifi JaSSy to traJe 
gra]ity Soad thro\gh the str\Jt\re, the taRe�
down inherits the sensiti]ities of a JSassiJ -,4 

1) What is the main limitation of the 
tributary-area method for load take-
down?
a� 0t Jannot handSe Wermanent Soads
b�  0t ass\mes the Soad Wath foSSows geometry 

rather than reSati]e stiff ness
J�  0t Jannot be \sed for steeS str\Jt\res
d�  0t aSways o]erestimates fo\ndation Soads

���>OLU�PZ�H�Ä�UP[L�LSLTLU[�TVKLS�IHZLK�
load take-down preferable to tributary 
areas? (Select all that apply.)
a� 0rreg\Sar JoS\mn grids
b�  SSabs s\WWorted on JoS\mns of diff ering 

stiff ness
J�  Str\Jt\res with transfer beams or transfer 

walls
d�  A WerfeJtSy reg\Sar orthogonaS grid of 

identiJaS JoS\mns

3) Why does a slab’s spanning direction 
(one-way vs two-way) matter for a load 
take-down?
a�  0t determines whiJh s\WWorts JoSSeJt the 

Soad, and so the trib\tary areas and e]ery 
load further down that path

b�  SWanning direJtion onSy aff eJts deÅ eJtion, 
not how load is distributed

J�  A two�way sSab aSways deSi]ers aSS its Soad 
to a singSe Wair of s\WWorts

d�  SWanning direJtion is onSy reSe]ant for steeS 
deJRs, not JonJrete sSabs

4) Why are transfer levels the highest-
risk points in a take-down?
a� )eJa\se they Jarry no Soad
b�  )eJa\se a modeSSing error there in]oS]es 

Sarge, JonJentrated redireJted Soads
J� )eJa\se they are aSways at roof Se]eS
d� )eJa\se trib\tary areas are easiest there

5) What advantage does a model-
integrated load take-down (as in SCIA 
,UgPULLY�=������VɈ�LY�V]LY�H�ZLWHYH[L�
spreadsheet?
a� 0t eSiminates the need to defi ne Soad Jases
b� 0t remo]es the need to design fo\ndations
J�  0t a\tomatiJaSSy seSeJts the beha]io\r faJtor

d�  0t stays Jonsistent with the modeS as the 
str\Jt\re Jhanges and reWorts Soad Wer 
storey by Soad gro\W

6) In which situation will tributary-area 
HUK�[Y\L�-,4�SVHK�KPZ[YPI\[PVU�KPɈ�LY�
most?
a� A singSe simWSy s\WWorted beam
b�  A reg\Sar grid of identiJaS JoS\mns \nder 

uniform load
J�  A Jontin\o\s sSab on s\WWorts of marRedSy 

diff erent stiff ness
d� A statiJaSSy determinate tr\ss

Questions To claim your CPD certifi cate, answer the questions 
online at ^^ .̂PZ[Y\J[L.VYg�PUK\Z[Y`�JWK. This 
module will close on 30 November 2026.

modeS� -or waSSs, mesh density aff eJts how 
Soad JonJentrates near s\WWorts, oWenings 
and re�entrant Jorners" the JhoiJe between 
JraJRed and \nJraJRed stiff ness Jhanges how 
Soad redistrib\tes between JomWeting Waths, 
sinJe JraJRing Sowers a member»s Å e_\raS 
stiff ness and Jan shift Soad toward stiff er, Sess�
JraJRed members" and the fi _ity ass\med at 
eaJh s\WWort – Winned, fi _ed, or a rotationaS 
sWring – go]erns how m\Jh moment, and 
therefore how m\Jh of the reaJtion, that 
s\WWort is asRed to Jarry�

;hese are not \niX\e to a dediJated 3;+ 
tooS" they are the same ass\mWtions that 
go]ern any -,4 anaSysis� )\t beJa\se a 
taRe�down Wresents a singSe Soad fi g\re Wer 
s\WWort, it is easy to forget that the fi g\re 
reÅ eJts one WartiJ\Sar stiff ness distrib\tion and 
one designer»s modeSSing JhoiJes, not a ]aS\e 
independent of them.

Conclusion
3;+ is a fo\ndationaS ]erifi Jation that sits 
between anaSysis and fo\ndation design� 
;rib\tary�area methods remain ]aS\abSe for 
reg\Sar str\Jt\res and for sanity�JheJRing, b\t 
as soon as stiff ness go]erns the Soad Wath 
– irreg\Sar grids, transfer str\Jt\res, mi_ed 
s\WWort stiff nesses – a modeS�based taRe�
down is reX\ired� WhiJhe]er method is \sed, 
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the engineer m\st ReeW aJtions seWarated, 
traJR Jontrib\ting storeys for imWosed�Soad 
red\Jtion, and aSways reJonJiSe base reaJtions 
against aWWSied Soad�

A dediJated, modeS�integrated tooS s\Jh 
as the 3;+ JaWabiSity in S*0A ,ngineer 
=���� remo]es the man\aS booRReeWing 
whiSe Wreser]ing the transWarenJy that 
maRes a taRe�down tr\stworthy� As with 
any software res\St, howe]er, \nderstanding 
the \nderSying ass\mWtions remains the 
engineer»s resWonsibiSity�

Final note
.\idanJe on aJtions, Jombinations and 
imWosed�Soad red\Jtion reSe]ant to 3;+ Jan be 
fo\nd in in the foSSowing W\bSiJations!
´|  )ritish Standards 0nstit\tion ������ BS EN 

1990:2002 Eurocode. Basis of structural 
design, 3ondon! )S0

´|  )ritish Standards 0nstit\tion ������ BS EN 
1991-1-1:2002 Eurocode 1. Actions on 
structures - General actions - Densities, 
self-weight, imposed loads for buildings, 
3ondon! )S0

´|  7arRer 1� ������ ‘;eJhniJaS .\idanJe 
5ote �3e]eS �, 5o� ���! 0ntrod\Jtion to 
Jonstr\Jtion seX\enJe modeSSing», The 
Structural Engineer, ��� ���, WW� ��–� " 
https://doi.org/10.56330/MMKB9162
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