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DEFINITION OF SECTION-ACTIVE STRUCTURAL SYSTEM

» Beams are straight-line, bending-resistant structural elements that cannot only resist forces that act in the
direction of their axis, but by means of sectional stresses can receive also forces perpendicular to their axis and
transport them laterally along their axis to the ends. Beams are basic elements of section-active structure
systems.

» Because of its capacity to laterally transfer loads and still maintain the horizontal space enclosure that is so
convenient for the three-dimensional space seizure, the beam is the structure element most frequently used in
building construction.

» The bearing mechanism of section-active structure systems consists of the combined action of compressive
and tensile stresses within the beam section in conjunction with shear stresses: bending resistance. Due to
bending deflection an internal rotation moment is activated that counterbalances the external rotation moment.

» Section-active structure systems can be live expression of the struggle for equilibrium between internal and
external rotation moments.

» As continuous beam, hinged frame, complete frame, multi-panel frame, and multi-story frame the section-active
structures have brought to full expression the mechanics of continuity. By means of these systems it is possible
to achieve long spans and provide free floor space unencumbered by supports, without having to give up the
advantage of rectangular geometry.
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DEFINITION OF SECTION-ACTIVE STRUCTURE SYSTEMS

» System of redirecting forces
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external forces ave redivected thwough seclional faloric  (section forces)
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MECHANISM OF BENDING AND BENDING RESISTANCE
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RELATIONSHIP BETWEEN SHEAR, TENSION AND COMPRESSION IN BENDING
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Durch Aupbere Krifle werden Querkrifle erzeugt, die die
B Elemente. (Rechteck) eines Tragers zu Arehen versuchen wnd
ﬁ JL dAamit Durchbiegung bewirken

due ' external forcee vertical shear sirecses are genernted
7 | > which fend orotate. e elements. (rectangle) of o beam and
cavse bending Aeflection

Infolge Durchbiegung werden horizontale Scherkrifte erzeug),

A~ die die Elemente (Rechteck) inumgekehter Richivng i drehen
TF JL versuchen und dadurch Fotationegleichgewicht heretellen

dAve tpbending deflection horitontal shear shesmes are generated

which tend torolate the elemente (rectngle) inreverse. divection,
and establich equilibrivm in rofation

=
Iugp [tension
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Querkrafte und horiontale Gcherkrafte vereinipen sich zu
B N\ /- Lug-und DruckkrAften, die die Elemente. zuRauten verformen.,
m TT \X/ !L DerVerformung steht die Festipkeit Aes Materials entgesen
/. vertical and horitontal shear stresoeo combineforboth tensile
/ AN and compressive sirecses that give the elements a Hhombic shape.
A this Aeformation is resicted by the material sirength
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LINES OF PRINCIPAL DIRECTIONS OF STRESS = ISOSTATICS

—

/{r Spannungsrichtungen im Balken bilden zuei Giruppen, die
K /w N ;ich immer rechivinklio kreuzen: Druckrichiungen
(=) ~ aloen Stiizlinienform, Zuglinien haben Ketfenlinienform
S~ T~ RS-
N ﬁ(\ %L'- X/\/X} \ gires pattern inbeam indicates two sels of sires direckions that
L 4 \ Ao intersect at vight angles:  compreceive. e Arections
vesne. arch shape, tensile sires directions aevne. catenary shope
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STRESS DISTRIBUTION IN BEAM WITH RECTANGULAR SECTION

%ﬁ% T

/7 - L Spannvungeverteilung in Tragerguerschnltt
tens pANNUNGGV g in iragerg

I, =D " sires Aistribution acros beam seclion

\ Druck /Zug Gmerkmft
ompregsion/tension  shear

. Biegespannungen sind bei Qleichetreckenlagt parabolisdh tber

dieldnge desTriagers verteilt, mit max Spannung in Tragermite.

Aﬂmﬂm ]W berding shresses for confinuous laad are parabolically disiributed

' Biegung bending over length of beam,  nax givesses occurring in midspan
| WWWHWWM Cuerkrafle sind max Uber den Auflagern und nehmen  nach
' der Mifte zu ab. Sie werden Null in Balkennitte

WWMMMMMMM , vertical shear streses are max over supports ma decresse
Cuerkraft vertical shear  toward center,  they are zero in midspan
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SECTION DESIGN OF SOLID WEB BEAMS (1/2)

Die Wirkungsueise der schniffoktiven Trageyeteme berubt auf Molailisierung
yon Schnittkeéfien. Dag heil; dlie Tragfunkiion dieser Susteme wivd durch
Aktionenim Querschnitt ausqahloi' Folgerichtia ict hier - Unterschied 7 den
anderen Traguerk-Ciotiungen— die Ausloxldung des Tragey-QUERSCHNITIES
in Abhdngiakelt vom Material ein primares Anlieoen des Traguerk-Entuurfes

Holz + Wood

Z
=

The mechanics of section-active structure sysiems resis upon mokilization
of eection forces, Thic will oy that the siruciual fmction of these systeneg

is performed by actions within the cross section, Conseguently, e decign of
the loeamn CROSS SECTION, incompliance mﬁhmspeuﬁcmmal i — unlike
as with other struciure famrhe,s & Moy concem in developing shrucivres

SONRNA ORDRON

Rechteck-Trdger
I-Tiager
Kosten-Trdger
Doppelkosten-Trager
Wellsteg-Trager
Doppeluelicteg Trager

Rectangular beam
T-loeam

Box loeam

Double-box loeam
Corrugated welb beam
Corrug, Two-web loeom
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SECTION DESIGN OF SOLID WEB BEAMS (2/2)

Stoll 7 Steel

il

Sialnlbeton 7 Reinforced concrete

Neben den Standavd-Trigenquerechnitten, die durch die Eigencchoften des
Baustotfes mitioestinmt wevden, fiihrt die Kombination von Eaustoffen winten
Avsnutzung dex konstmikiiven Vorziige des eingecetzten Materials zu neven,
besonders leistnastilnioen Quersdmiitt-Formen VERBUNDTRAGER

R
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In addition o the siandard forms of beam cechions, largely being detrermined
loy e properties of lout one siructural material, fhe combination of naferiale,
Hrovgh the utilization of their respeciive struciural nerits, will lead io novel,

NOONONY JOGhApNO-2

OCPNAONS OOMONA

T-Trager
U-Prafil-Troger
Breitflansch-Trager
Kacten-Trdger
Hohprofil-Trages
Locheteg-Trager
Waben-Trager

I beam

Channel (profile) beam
Wide flonge b., H beam
Box loean

Hollow seciion beamn
Ferforated web loeam
Honewcomb welo loean

Rechteck-Trager
Trapez-Trdoer
T-Trdger

I-Trdger
Plaitenioalken
[ppelsteg-Plattenloalken

Reciongular beam
Trapezoid loean

Top-beoded loeamn
1 beom

T beam

Double-T beam

especially efficient cross sectionsz COMPOGITE BEAMNS
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INFLUENCE OF CANTILEVER ACTION ON BEAM EFFICIENCY
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Trdger mit beidseitiger Auskragung un ¥z Stiienabsand
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= beam with both ends canfilevered by V2 of columpy span
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Trager mit beidseltiger Auskragung un YaStitzenabstand

~— beanwith both ende canfilevered by ¥ of colunn zpan
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INFLUENCE OF SUPPORT CONDITIONS ON BEAM EFFICIENCY

—= ' 1 Trager mit Einzeletitze  in dem Yo-Punkt der Tragerlange

"'"lll“" —————————————
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V4L ‘]L TZ T / \ ET ] Trager mit Shilzen  inden Ya-funkten der Triagerlange

at the J4 pointe of bean lengtin

5L /L BT /\ BT Trager mit Stifzen  inden Ye-funkten der Trageridnge
‘ WL bean with supports ot the ¥ poinis of beam lengith
M ,
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COMPARISON BETWEEN DISCONTINUOUS AND CONTINUOUS BEAMS
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Unferbrochener Teager:  Durdhbiegung in einem Feld wird nicht avf das andere

Aiscontinuoue bean:

Ubertragen. Lacten belreffen jedes Feld unablangig

bending deflection inone spanwillnot be cartied overto
the.other.  loads il affect each span independantivy

19 lo

’ 0 0 .
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Durchlauf-Trager:  Durdnbiegung in einem Feld wivd avf dse andere Ubertragen,
Lasten werden vondem gesanten Trager aufgenommen

continvous beam=  bending deflection in ore gpan will becarried over tothe other:
loads in one span will be resisted by the fotal length of bean
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INFLUENCE OF CONTINUITY ON BEARING MECHANISM

10 Rlo] o
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Ghveckenlact auf gpneeldnge  continuous load over entire length, /k:HHHHHJIHHIIIIHI / [\ “1“””””“”HHII/\

Durch Konlinuierlichkeit ist Drenung des Tragers Uiber den Auflagern " ,
benindert, max.Biegung ict in Endfeldern wegen einseifiy freier Drehung. s It 4

sy cion ttmo smreisrinred x| [,

N
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Einzellagt im Endfeld point load in end gpon

Durchbiegung im belacteten Feld ist Aurch einceitige Drehbehinderuing
vermindert. Auch die unbelasteten Felder nehmen anlogtaufnahme teil.
bending deflection inlaaded span i restrained by unilateral doghruction
of bean otntion.  also theunloaded spans participate in resisting load

10
©
Einellast Im Mittelfeld point load in center span, === Y —
Durchkontinviertichkeit wirA Drehung Giber den Auflagern Ao beladeten, 1 Z [\ o /\ ;
Feldesbenindert und der game Tridger an - Tragmechanisnus beteiligt 0 o I Lo
due. to continuity, rotation of beam over the. supports of loaded pon e
obstructed, the entire beam io included in the bearing mechanisn
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BENDING MECHANISM IN CONTINUOUS BEAM OVER 5 SPANS
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Qrdvee der Biegung unter Qleicheiveckenlast maghitide. of berding under continvous load
tnow. Biegung itk in Endfeldern auf, wo Drelung ber Auenstiitze nicht max bending occurs inend span where rofation over exterior support
behindert wird. min. Biegung it in Feldern neben Endfeldern i not restrained,  min bending occure in opave next fo end gpane

10
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Einfluf’ desgrofberen Endfeld-Momentes influence of major moment in endcpan

Mangel an Drehbehinderung tiber den Endetizen beelnfluftdie Blegung lack of restvaining monent over end supports influences the Aeflections

der andeven Felder in gleicher Weise  wie ein zusitzliches Drehmoment— cfthe other zpane inthe same. way as does an sdditional rotation moment
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POSSIBILITY OF EQUAL DISTRIBUTION OF BENDING IN CONTINUOUS BEAM
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Verkleinerung der Endfelder

Durch Verkiirzung der Biegeldnge kann die. Durchbiegung im Endfeld
avf doe Moy der Durchiviegung in den anderen Feldern gebmcht werden
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reduction ofend spn

through dhortening the bean length, inthe end gpan, bending in this
gpan. can be brought doun 1o tat of the cther epane

H

I |

I

|

\

I

T T e, LT e,

P

Auakm@ung uber die. Endstitten

Durch. die fegendreung der Auckragung wird die. Durchbiegung  im
Endfeld auf doeMap der Durchbiegung inden andeven Feldern gebracht

e,
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antilevers ot the ende

Ave To the reverce rotation of the cantilevers, bending inthe end sppn
con e brovght down tothat of the other epans
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BEAM LAYOUTS FOR LOAD TRANSMISSION (1/2)

f
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1 Trangvercol alignment
= Trancversal coupling
3 Longitudinal coupling
2 longitudinal edge. position

5 Square grid

B Zigzog skew poitern
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BEAM LAYOUTS FOR LOAD TRANSMISSION (2/2)
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Bakenanordnungen fir Lastablragung  + Beamn lavioute Tor load transmission

1L Querreihung 1L Trangvereal alignment
= Querblindelung = Trancvereal coupling

3 Langsbimdelung 3 Longitudinal coupling
. Langsrandlage < Longitudingl edae position
5 Quadratroster - B Square grid

B Zickzack-Sdwagfihrung B Zigzog skews pottern
7 Verzueigung 7 Ramification

8 Radialnuster 8 Radial paitern

S Disgonalkreuzumng S Diagonal crossing

10O Diagonalrastes 10 Diagonal grid
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STRUCTURE SYSTEMS AND DESIGN POSSIBILITIES FOR BEAM OVER FIVE SPANS (1/5)

Einzeltrager (unterbrochener Tr) fii- Jedes Feld:
Spannungevertellung firjedesield gleich

A Aistontinmous beam oreforeach spans
= =—— shrees distribution equal for each epan
E— —
— ﬁ u = e m ’
= ——
i:m E———j" % = == é‘ré = = |
, M == " === .
Qradlinige Verproperung der Konstukonshdhne rur Feldmitte.  linear increase of conetruction height foward midepan rN NN
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STRUCTURE SYSTEMS AND DESIGN POSSIBILITIES FOR BEAM OVER FIVE SPANS (2/5)

Durchlauftrager  Uiberfinf gleiche Felder:
Sppnnwrngverteilung e Feld verschieden

= = shvesss distriboution. different foreach gpan
== =
——d | e
= it =§
e ?_: =] —_—— E:—-—-———*L e ] p B e
5 = == =|==I5%
e FI ] 5 ___‘.F— | _ ﬁr,"g :
i |
Stuferueise. Angleichung der Konshruktionshdhe deplike adjusinent of construction height AﬂIHIIIm({
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STRUCTURE SYSTEMS AND DESIGN POSSIBILITIES FOR BEAM OVER FIVE SPANS (3/5)

= Durchlaufirager mit Kragarnen an den Enden:
Spannvngeverteilung Tir jedes Feld gleich

continuous beam with cantilevered ends:
shres dichibution equal or each span

|

= | = e e

=l
=

| =
i

]
s

I “L Liki

.

Vergroperung der Yonstruktionshohe iiber den Stilzen, incresse of congiruction helght over supports |t | |, Vm‘iLV

|
il
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STRUCTURE SYSTEMS AND DESIGN POSSIBILITIES FOR BEAM OVER FIVE SPANS (4/5)

— T
——————e———————
——————————r
e
T ——
e e———

Durchlauftrager mit Reduzierung der Endfelder
maxSpanningen fiir alle felder ausgeglichen
continvous bean  with reduclion of end eares
nax etresses forall spans evenly distributed

—— - I= =

I !
Ea—— i i = ; e e,
%—‘j ; == Hee— | gF 3E == |

Vergropering der ¥onstruktionshohe Uiver den Stidzen

increase of construction height over ewpporte
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STRUCTURE SYSTEMS AND DESIGN POSSIBILITIES FOR BEAM OVER FIVE SPANS (5/5)

Drei Einzelirager mit Kgarmenanden Enden:
bpannungeverteilung flir jedenTragergleich

three. discontinuous beams with cantilevered ends:
stecs Aletribution aqual foreach gpan

|

M

=—— ===\ =EEEEE L
= — B E
| |- —I|—— ==
AERE = = E= e e B
BRI : | E — =it ,
Verringerung der konstruktionshéhe nach den Enden reduction of coneruction height toward the ends
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MECHANISM OF FRAME AND ITS RELATIONSHIP TO THE BEAM WITH CANTILEVERS

IR (T I

@ A
f i T L

i) b i

il ] D Tin
g \ || ;ﬂm ligi

—_--—_'________l

T 1 |

Die Horizontalkrafte an den ﬁA(ﬁpunki*en desBahmene echrdnken, Drehung the horizontal reactions at the bases of the frame obstruct rotation of the
Aer-Rahmenecke einund verringern Durdwtegung Aes Riegels in gleicher frame corners and reduce  deflection of the frame beam inthe same way
Weise wie die Einzellacten an den Enden eines TrAgers mit Kragarmen 46 do the point loads at the ende of a beam with, contilevers

22 AN
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MECHANISM OF RESISTING LATERAL FORCES

Biege-Deformation
bending Aeflection

N

ro——

e
e

Biegespannungen :
bending sirecses g é

Tragwerksform e =
shuciure form NG
In Qegensate um elnfachen Tiger; der wedtzliche Auzsiteifing der Siiten bendtif, contraryy othe simple beam that needs additional stiffening of supports
um dss Drehmoment aufiunehmen, werden in Qelenkrahmen durch Ale Verfornung for veceiving the rotation moment, inthe rigid frame by its own  deflection
selst senkrechte Auflagerkrdfle akfiviert, - die eine gegenlaufige Drehung auslosen vertical reactione ave generated that produce a reverse romtion
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INFLUENCE OF FRAME STIFFNESS ON STRESS DISTRIBUTION AND STRUCTURE FORM

Beam Two-hinge frame Three-hinge frame

Aue to conlinvity over the frame corners, deflection of the beam can be
reduced differently according to the degree of colunn hiffness,  this
resulls in control over degree of deflection and herce over shruchre form
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HORIZONTAL AND VERTICAL STRUCTURE SYSTEMS COMPOSED OF HINGED FRAMES (1/3)

T e =
\ﬂ . / \i CysiennitTugelerk e
\

=

s\ystem with tuo-hinged frames
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HORIZONTAL AND VERTICAL STRUCTURE SYSTEMS COMPOSED OF HINGED FRAMES (2/3)

l. m— e e 12 e
7T = R
‘ i k . L -
Systen mit Zweigelenk-Bahmen und T-Rahmen I [/ B J/
syelen with two-hinged frames and T-frames /
L {
‘ v ¥ .
o l
A K —
4 N1
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HORIZONTAL AND VERTICAL STRUCTURE SYSTEMS COMPOSED OF HINGED FRAMES (3/3)

o ®
Syden  mit Dreigelenk-Rahmen
| M . auelem with three-hinged framee
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MECHANISM OF THE REVERSE AND DOUBLED FORM OF TWO-HINGED FRAME (1/2)

Traguerk-usten ) | ,
druciure systen 7 ‘
0 QO
I N J%
N
¢ { ®
| 2\ /L | ) k '

unter Verfial-Lost <5 = = =
under vertical loM.l {} {} ,@ {}
SRR AR Y 2 &

ir it i

0
s ©
7
«%m—@
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MECHANISM OF THE REVERSE AND DOUBLED FORM OF TWO-HINGED FRAME (2/2)

&

unter Horizontal-Last & o2 @ <o
under horizontal load

Tupieche Traguerkform
typical chuchure form \

/&rﬁ?’—

|
|

——

\

Dertypische ngmedmniemw; des Tueigelenk fahmens Vleilst audh nach Unkehrung the Wypical bearing nechanien of the tuo-hinged frame will fanction pi{hundiminiehgd
desRahmens oder Aufdoppelung von wedhilichen  Shielen unvermindertwirkean efficiency aleo after veveroal of the frame or after doublingup  additional colunre
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MECHANISM OF THE REVERSE AND DOUBLED FORM OF THREE-HINGED FRAME (1/2)

Traguerk- System

ehructure system -
) )
Jﬂ A
unter Vertikal-Laet

under vertical load
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MECHANISM OF THE REVERSE AND DOUBLED FORM OF THREE-HINGED FRAME (2/2)

unter Horizontal-Lact
under horiontal load

typisthe Traguerkform
tupical sructure  form

y

Der typische Tragmechanismus des, Dreigelenk-Rahmene bleibtauch nach Unkehrung the typical bearing mechaniem of the three-hinged  frame will funclion with undi-
des Bahmens ader Aufdoppelung von wishhlichen, Shelen. unvernindert wirkeom,  miniched efficiency aleo affer reversal of frame or dobdling up additional cumne
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VERTICAL STRUCTURE SYSTEMS COMPOSED OF FRAMES WITH DOUBLE-UP COLUMNS

R e T — e
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DESIGN POSSIBILITIES WITH HINGED FRAME SYSTEMS (1/3)

|

L
y

I
T
|

|

—— A =
ﬁ% i:%:‘ . ==\ éwb-e—-
== aa— ’

Tueigelenk-fahmen oufgeselrt auf Kmgarme eines Zweigelenk-Rahmens ho-hinged frame set upon cantilevers of two-hinged frane
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DESIGN POSSIBILITIES WITH HINGED FRAME SYSTEMS (2/3)

I
;

|
|
|

’\

[y
it

Il

fwo-hinged friame oet upon reverse lwo-hinged frame upen supports

Tueigelenk-Rahmen avfzeselrt auf ungekehrten Tueigelenk-fahmen Gber Stitlen
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DESIGN POSSIBILITIES WITH HINGED FRAME SYSTEMS (3/3)

lueigeleni-Rahmen aufgeséizf ouf Kragarme eines Dreigelenk-Rahmens two-hinged frame et upon contilevers  of three-hinged frame.
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MECHANISM OF COMPLETE FRAME AND MULTI-PANEL FRAME (1/2)

:

) L)

e

I Y |

Vollrahmen complefe frame Dreifeld-Rahmen three-panel frame Rinffeld-Rahmen five-panel frame
& 3O O 0 0 &
0 2 2 ]@E & o ==
Durchiiegung unter vertikaler Lack ' bending deflection under vertical laad
o 0> 0
Defornation unter horzmontaler Last bending deflection underhorizontal losd

\')
Z
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MECHANISM OF COMPLETE FRAME AND MULTI-PANEL FRAME (2/2)

(S

 Traguerkform mit Belonung der Stelle geringster Biegebelashing chtcture form with emphagie on location of min bending shresses

1( | OO0
L L | L | )

Traguerkforn wit Betonung der Eckversteifung . dhructre form with enphasis on hffening of corners

!nfvlge Durchbiegung der Riegel. werden die EndenderStiele mitpedrent und zuar dben Ave tobending deflection of beame, the ends of columne will be rotated, the upper end
in enigegengesehter Richiung wie unten, Dadurch wird die Drehung intie) aufgenommen in opposite direction from the lower end,  thus rotationwill. be resisted by the. columny
wd Durchbiegung eingesdrinkt, Wirkeankeit erhdht slch mit Anzahl der Stiele (Felder) ond deflection is obetructed, - efficiency will increace with number of columne (panele)
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RELATIONSHIP BETWEEN PANEL DESIGN AND MECHANISM OF MULTI-PANEL FRAME (1/2)

Tiaguerk- Syslem

MO == [T

Mehrfeld-Rahmen auf zwei Siidzen / multi-panel frame eupported ot bathende Mehrfeld-fiahmen auf Milttelstiitze / mulhi-panel frame on central support

o Deformation
deflection

bygtem mit Shielen dwne Biegesteifigkeit system with columns having no bending resistance
Defprmation
. B@BDBB
System mit biegesteifen Stielen syetem with bending-resistant columne
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RELATIONSHIP BETWEEN PANEL DESIGN AND MECHANISM OF MULTI-PANEL FRAME (2/2)

typische Tragwerkform
ypical shuciure form

| | |

Verbreiterung der Shele nach den Auflagern wu bei gleichgropen Feldbreiten increase of colunn section foward supporte at regular column gpacing

— e = typische Traguerkiorn =
‘ | “ tupical <truchre. forn
Verkleinerung der Felder nach den Auflagern zu bei gleichbleibenden Shielen | reduction of panel width fowara supports with columne of same. section

Enteprechend der Scherkraftverteilung im \blitrdger, werden die Shiele sehr unter according to shear distribution in a beam  the columns are cubjected o very
sthiedlich avf Biegung beansprucht, Dem Unterschied kann durch Verkleinerung der different degrees of bending.  thie difference aan be m’re@m]‘ed by reduction of
Felder nach dem Auflager i oder durch Verbreiterung der Sliele enteprochen werden ponel width toward supports or by increase. of column section
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LONG-SPAN STRUCTURE SYSTEMS COMPOSED OF MULTI-PANEL FRAMES (1/3)

o r— e . e tiewees —— Somi———— —]
~ . 1 G 1
! —— —

Eingeschassiger Mehrfeldrahmen auf mei Stiken

single-story multi-panel 'fmma. sWpported at both ende
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LONG-SPAN STRUCTURE SYSTEMS COMPOSED OF MULTI-PANEL FRAMES (2/3)

L ANV
[/ {7 0|
Tweigeschosiger Mehrfeldrahmen mit beidseitiger Auskragung -glory milli-panel frame  with cantilevers at boh ende
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LONG-SPAN STRUCTURE SYSTEMS COMPOSED OF MULTI-PANEL FRAMES (3/3)

L BB &5 .. == — e
C;J SR ﬂa E " jﬁ E j=psin é 'i@ﬂ
) — |
= /M v BT
e —— o~ e~
Eingesthosiger Mebrfeldmhmen oy Mitteletitizen _ gingle-storyy multi-panel frame on central- suppors
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BIAXIAL SYSTEMS OF MULTI-PANEL STOREY FRAMES

» Concentric grid from multi-panel frames

A A A e %@J
g/] cABB A=A j A
AR ABR AR g”jg/
A iezioerd o ) 2
T _A A I e AT A e |7
)/%)Ifi[b/gz =TS il ’ DDiDDDD[EIDD
' L [ e = : :
=
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BIAXIAL SYSTEMS OF MULTI-PANEL STOREY FRAMES (1/2)

» Concentric grid from multi-panel frames

A A A e %@J
g/] cABB A=A j A
AR ABR AR g”jg/
A iezioerd o ) 2
T _A A I e AT A e |7
)/%)Ifi[b/gz =TS il ’ DDiDDDD[EIDD
' L [ e = : :
=
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BIAXIAL SYSTEMS OF MULTI-PANEL STOREY FRAMES (2/2)

» Two-way stacking of multi-panel full frames
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MULTI-STORY STRUCTURE SYSTEMS COMPOSED OF MULTI-PANEL FRAMES (1/3)

» Multi-panel frame continuous through all floors

I 1T =
H = B
< V7 1 )
4 / LN X
vaizava i M RNV RS
/ | \ oo =
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MULTI-STORY STRUCTURE SYSTEMS COMPOSED OF MULTI-PANEL FRAMES (2/3)

» Single-story multi-panel frame as support for each two floors
< ‘ e
LT s | == | =3l Gl
| = I (=] = i frir]
.H[ % s M e Z / ] N U&_\:"
— e / / \ \ =
- / / \ NN e —
7 1 V
| ] - 7 | 11 | Y]
' / | NI SN B
/ | \
/ | \ N
= // ,I \\ /lﬂﬁ\\ AN ==
/ [ \ \
/ [ \ 1\
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MULTI-STORY STRUCTURE SYSTEMS COMPOSED OF MULTI-PANEL FRAMES (3/3)

» Single story multi-panel frame as support for each three floors

Wﬁ — | l=l"|- =1 1]
I : |
IRER: S == it Al
| EEfae e —\%MT} ~
| SNIIRSE |
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RELATIONSHIP BETWEEN SIMPLE PARALLEL BEAM AND BEAM GRID

» Biaxial load dispersal

/T 7 7
77 -

J,
N4
/ A I
/ N 5y N
2 ZS /w 72
L s

Im farallelirdger-Syeten wird jeweile rurder von dex Einzellost Durch Einfilgen eines in rechten Winkel uden faralleltragern  laufenden
bel‘mffmTrqudafvmnqr’r. D:q ubrigen &ra}lel’rmger neh- Quertrigers ird ein Teil der Lost  auf Aie anderen Bualleltrager abvgetragen
men hicht an Widersinndemechanismue gegen Einzellast feil. s geeante Gyetem nimnt an Widerstandenechanionue gegen Einzellast teil.
inthe parallel beam, syetem only the one beam under load will through incertion of atransverse bean at right anglestothe paraliel beome one
be deflected.  the other parallel beame do not participate in part of the load ie franemitted 1o the beams not directly loaded.  thwis the entire
the resistance mechanism agpinet single. load systen is participating inthe resistance mechaniem againet single load
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INFLUENCE OF SIDE PROPORTIONS UPON MAGNITUDE OF BIAXIAL LOAD DISPERSAL

Yap

Pml

gleiche Durchbriegung

we/ 4 AN fiir beide Trager
/// equal bending deflection
H/ “/ forboth 220me
‘I\L 4}‘)‘/‘* P >i %%s P J
| \ 7
Lwei sich imrechten Winkel  kreuzende  identische Pei Balkentra i oz, 3 : . : .
Rel . gern gleichen Querschniftes jedoch verschiedener Lange wird der steifere
iﬁgeﬂﬁ"ﬂ\gw fragen je die Halfte der Einzellaet ab. (weil kurzere) von beiden TrAgem die Hauptlact tragen. Bei Sdgnn\?ermitrﬁs -2 quird
o :" e@:ﬁ”x 0;'6 Auflagerkrifte je 14 der Qesomtlact  sich Steifigkeit der Trager wie. 1:8 verhalten, Derkurze Trager nimmt also 86 der Lot
identical beome ot vight angles 1o each other if beams of same section have different length, the siffer  (because shorter) bean
m"am one half of the fotal lond.  coneequently fakes most of the load. if the ratio of the sides is -2, the shiffness of beams will
eupport reaction equale Va of the fotal load have a ratio of 1:8. hence the shorter beam réceives 85 of the total load.
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BIAXIAL LOAD DISPERSAL OF BEAM GRID WITH RIGID CONNECTIONS

/a

/ v/
/ / / /
4 A i > \orasgecetzt Ao beide Tragerreinen anndhernd gleiche Seefigheit haben, wird
/ / // / / / // / / Lot durch Biegemechanismus jensels in zuei Acheen abgetragen.  Bei Einzel:
lasten werden wegen der gegenseitigen Durdhdringung auch die nicht direkt
/ / / / belasteten Triger deforniert. Dadurch wird WiderstandeRraft erhdht.
7/7 /- > provided that both sels of beans have approxinately equal sliffnees. load e
/ / // / / / // / / dicpersed by bending mechaniem intwoaxes.  inthe case of o point load
condition, due o ratual interpenetration also the beams not Amecﬂg under
// Y load deflect.  consequently bending resistance. is increased. '
/ /
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BEHAVIOR OF COMPONENT AS CONTINUOUS BEAM ON FLEXIBLE SUPPORTS

/ / last / load
/// /// // ///
G //f //i //|/
/ 40

/ //////

intermediate supporte areflexible under one-cided losding o reversol ~ —
af bending deflection (=negaiive bending) can ocour. %

4 X
the single beam inthe beam grid acks a6 a continous beam.. of which the y\ ﬁ ] J
N v 4
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ADDITIONAL BEARING ACTION THROUGH RESISTANCE AGAINST TWISTING

/ w/yam/ /

===

///J// /, /
/ﬂ%/

=

Ave to rigid intersections the edge beam s twisted by bending roation. of
the ends of the trancverse beam. resistance against tuisting by the edge
bear, how effect of o fixed-end situation. it reducee bending of cros beom

Ave torigid intersections the bending deflechan of one beam seclion causes the 4} 4}
twisting of the beam section running crowwise. through this another
resistance mechanisn, againet bending deflection i activated
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BEAM GRIDS FOR FLOOR PLANS WITH UNEQUAL SIDES

Cuadratraster [square grid ﬂ % %
V ////I L ! A

) S—]

£

in rectangular floor plane of which, one side io markédhg longer than the other

the longitudinal beame Aue to diminished siffiness show low of efficiency,. in

ordex 1o allow equal load diepersal in two axes, the long beame muct be. chiffened
accordingly, ie. i plan hae rafio of 1:2. long beame muct be eight fimes Hiffer

Schrdgraster | skew arid

e skew grid avoids the disadvantage of wnequal. beon lengthe in oblong floor
plans. moreover- becouse of shorter bean spans at the corners  additional
shiffness io achieved much like in o fixed end condition
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DIAGONAL SQUARE GRID
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CONSTITUENT CONCERNS IN THE DESIGN OF BEAM GRIDS (1/2)

» Aside from the fundamental commitment to the configuration of floor plan and to the disposition of supports the
design of beam grids is concerned with three form decisions 1) Geometry of beam pattern 2) Grid relationship to

lateral space enclosure 3) Consistency of beam grid structure. Accordingly beam grids will be classified and
identified as:

» 1. Standard geometries of beam grids

z ZTSTST AT
< . gv v% @%%\//\&@

>
v g&<

Ovtihogonal loeamn grid Skewed beamn grid Trianoular beom grid

o bi-axial load transfer o one-dimensional load trancter o tri-oxial load troncfer

o saave or near-sauave tloor plan with lines o oblong rectangular tloor plan wiih lines o genevally concentric floor plan with fines
of support on all four sides ofsuppart on the two opposite sides of support on all eripheral sides
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CONSTITUENT CONCERNS IN THE DESIGN OF BEAM GRIDS (2/2)

» 2. Grid relationship to the lateral space enclosures

X

2N\

XX

o %

S35
%

S
PRRXRX

XX

Diagonal-Rost » Dingonal bedm grid Kongruent-Rost 7 Congruent boeam grid Ausschnit-Roet 7 Sectional bean grid

» 3. Consistency of beam grid structure

N\
Q

7 N\

N\

,

4

Homogen-Rost dirchidufiges Ceflige Abgestufier Rost>  Haupt und Neloenvrost Zentral-Rostz  withig orientierter Rostautioou
Homogeneovs grid= undifferertiated struciuve Ciradated grids primany and secondory simiciure  Concentric grids  centrolized order of shruciure
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SOLID WEB BEAM GRID SYSTEMS (1/6)

S 2 p——
e = AFO0
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| B2 F bt M VAVAVAV

Structural Design Laboratory (SDL) 58 5““

Seoul National University



SOLID WEB BEAM GRID SYSTEMS (2/6)

///7////4//////////
v

/ /-
A [ q/ /, /z Y/
=== —/—— /-4
/ //ﬁ 4 ’7 7 4

7 =4 & u
=== —— — )-8 —
Y/ ) -, 7 Y/ —4

wa 7L L. /A l l” > " I’ ?’ @
II IL I;ILI 7I

/) //L ! /)
/| el ]/

L" ; w;: N Il/
= 3 i 7 Algesivfter Orthogonalkost
= / £ - Giradaited orthogonal beamn opid
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SOLID WEB BEAM GRID SYSTEMS (3/6)

<]!/ 1D
= _ 7 M ‘\

Y e = Pogestufter Zentralvost \ /
/ 7 Grradated concentric beomn grid - {

U
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SOLID WEB BEAM GRID SYSTEMS (5/6)
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SOLID WEB BEAM GRID SYSTEMS (6/6)

A “ : " i

GAAD
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BEARING MECHANICS OF THE SIMPLY SUPPORTED SLAB (1/2)

Balken-Wirkung

Durch Biegemechanik (Rombinierte Lugy, Druck-
und Scheruirkung ) werden die Lasten wie beim
Exlkertriger nach den Aufiager alogetragen

Beom action
Througih bending medhanics (combined action
of tension, compression and shear) the loads
ave. Trancsmitied 1o the supports like. in a loeam

W

System-Cresantrenktion

Miffels senkrechier Scherkréfie werden die Locfen
vom durchgeloonenen Sireifen aif die. angrenzen
den Givelfen wettergeleiiet,  Dadurdh vird dos
Cresaritoystem in die Widerctondemechank ein-
lezogen, auch bei Punktbelastung

{55
Drillkrafte-Mechanik

Infolae Durchbiegung werden die einzelnen
Plottensiveifen quer zur Tragrichtuing verdrehts
Drillmonente . Durch Drillsteifigkeit Ronnen
lie zur HAlfle der locten auf die Autlager
aogetragen werden

- Totol system reaciion
Throuagh vertical dhear forees the loads ove rons-
mitted from the deflected sirip tothe bordering
strips, Thus, the total qusten is faken into 1he
mechanies of resisting deflechions,  including
Thoce produced low point loading

Tor<ional force mechanics

A result of lending deflection the single slabo
cirips are tuisted transversely fo the spanning
direction= Twisting mowents. Through efiffness
oopingt torsion up 1o one half of the loads con
loe fronemitied 1o the stipporte

Structural Design Laboratory (SDL)

64

N\

Seoul National University



BEARING MECHANICS OF THE SIMPLY SUPPORTED SLAB (2/2)

H—€

D\E L

Neaative. Querbiegying

Wegen der Volumenkonstonz des Materials fiinrt
die Durchbiegung des Flattensiveifens inn Quer-
st zur Vergyoerung der Druckzore und zur
Verkleinerung der Zugzone., Dieser Vorgang loct
ein umagekelries Drelmoment in der Querachse aus

Einspannuirkung in der Diagonalen

Die Eckzonen der Plaite weicen nfolge zueier rechi-
winklig zusamnmenlaufenden Randuriersitdzungen
erhdnte Steifigkeit-auf, Dadurch konnen sich die
Dingonalsiveifen dey Platle wit den Enden nicht frel
uler den Aufiagern drehen, Ste verhatten sich wie
eingespaniiie Trager mit umgekehrier Durchbiegung
an den Enden und mit gréferem Tragverindaen

Negaiive. croes bending

Due fo the constancyy in volume of materiol Hne
lending deflection of the slab sirip induces en-
lavgement of-the compressive zone of section and
diminiehing of the tencile zone ., This action leads
0 a reverce voimlional momentintine francverse axis

Fixed-end aclion inthe dicgonals
Because at-the cormers Tuo edge supporte meetr
aF right ongles, he corner aveos show increacedt
stiffness: Thevefore the diagonal sivips of-the
slab cannot rotate freely with their ends aloove
the supports, They act much like fixed-end
loeome with reverced bending deflection and

hence with increased bearing capaciiy

Structural Design Laboratory (SDL)

65

N\

Seoul National University



STRUCTURAL SLAB SYSTEMS: LOAD TRANSFER AND OPTIMIZATION FORMS (1/2)

)

| S
{
\i
N a\
—_—=
—
~IR T

Flat, Two-uay sponning slalo 7
loeamless floor

foint-supported glab + nushroom
floor slalo with drop panel

Slalo simply supported along Two
opposite sides /7 one-uay slab
Slabo supported along three sides
Simply supported slab 7 Two-uny
(reinforced ) slabo

Riloloed slabo 7 riloloed floor

oD od O pn P
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STRUCTURAL SLAB SYSTEMS: LOAD TRANSFER AND OPTIMIZATION FORMS (2/2)

W% [\ -\ —\

NBYRNN

TENh

=

N

o

10

Eleve, krevzweise geepannte Platte
/ wnferzuglose Decke

Punktformia aelagerte Platfe 7 Pilz
decke. (it Auflogerversiirkung)
ZJuweiseitia gelagerte Platte 1 einachs-
sig gespannte (lozw. benehrte) Decke
Dreiceitig gelagerte Platte
Viepceitia oglogerte Platte. 1 Kveutz-
weise gespanvte (loewehrte) Decke
Rippendecke 7 Rippenplaite
Kasseltfendecke

Plattenbalken

Kragplaite 7 eingespannte Plaite
Mehrfeldplatte

Flat, ‘two-uay spaming slalo /
loeamless floor

foint-supported glolo + nushroom
floor slalo with drop pane)

Slalo simply supported along wo
oppositesides 7 one-uay slab
Slab supported along three sides
Simply supported slab 7 Tuo-uny
(reinforced ) clalo

Rilobed slalo 7 riloloed floor
Wofle slab 7 coffered slab
T-beam floor

Confilevered slab + fixed-end slab
Mulfi-spon slab
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EXAMPLE OF STRUCTURAL SLAB SYSTEMS (1/3)
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& L Einfeldplatten mit Ecksitiizen 7 Single-bay, slobs with corner columng
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EXAMPLE OF STRUCTURAL SLAB SYSTEMS (2/3)
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EXAMPLE OF STRUCTURAL SLAB SYSTEMS (3/3)

\
Y

2

=i A\VAVA

Stopel-Systern 7 Stacking system
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EXAMPLE OF BOX FRAME SYSTEMS (1/3)
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Offene Plattenrahmen + Open box frames
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EXAMPLE OF BOX FRAME SYSTEMS (2/3)

%M%%@ N o

Mehrgesthob-Plattenralhmen + Multi-clorew box frames
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EXAMPLE OF BOX FRAME SYSTEMS (3/3)

Eo i

Kreuzweige gestapelfe Plattenraihmen
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