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Abstract — This paper focuses on internal membrane forces
in reinforced concrete slabs that form diaphragms @
transmit horizontal forces like seismic loads to wdical
elements like columns and walls. It is found thatansiderable
axial forces exist in the slab near columns in flafplate
systems supported by columns and larger axial forseexist in
slabs and their beams along walls lines in slabs goorted by
walls, where horizontal forces are resisted by thealls. These
internal forces especially tension must be consided in the
design of the slabs and the beams. This issue stwbble taken
into account in using computer softwares which doat design
slabs and beams for axial forces.

Diaphragms, Collectors, Slabs,

Keywords — Beams,

SAP2000.

|. INTRODUCTION

Slabs of reinforced concrete buildings are subgette
out-of-plane internal forces due to vertical applgeavity
loads of dead and live loads. These internal formes
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beams. So, the diaphragms will deflect and thearstued
bending moment will develop. The diaphragms must be
checked for the internal shear forces and musebiyded

for the internal moment. So, reinforcing bars sballused

in tension and compression end zones (chords) ef th
diaphragm. The area of steel is equal to the forcihe
chord divided by tension strength reduction fadtores
the yield strength of steel.

Most of the structural analysis and design softwate
not design beams for axial compression or tenSonone
should take care of the axial forces in beams
diaphragms that are subjected to horizontal foeceshe
case of seismic forces.

In general, the slab diaphragm and its beams are
subjected to axial tension and compression fortée
following sections will illustrate the formation dhese
internal forces.

in

[I. M ODELING OF THE STRUCTURAL SYSTEMS

moments and shears which are varied along the SlakMembrane forces in the slab and its beams will be

whetherit's one way or two way. The moments andrshe
are concentrated along column lines which are knasn
column strips in two way slab systems. Also, tlabslare
subjected to in-plane moments, shears and axie¢daiue
to the seismic horizontal forces within the slabeTslab
which forms a diaphragm transmits the seismic ldgads
equivalent static method or dynamic seismic loadthe
vertical structural elements like walls and colummhke
walls and columns restrict the movement of the sab
diaphragm, so internal forces develop in thesessl@bis
study will concentrate on in-plane internal foréesthe
slabs or diaphragms.

The solid reinforced concrete slabs are with oheit
beams. The slabs without beams transmit the hdekon
forces to the columns and walls directly, so irdbrxial
forces tension and compression will be developethé
slabs and concentrated
columns and along lines parallel to the walls agirth
extensions. The zones in the slab at extensiorad§\are
named collectors in design codes. The collectoeraid

along the line that has the wall. The collectore ar

subjected to high axial tension and compressiooefor
The tension force requires high area of steel nesslabs.
The slabs that have beams are also subjected & a

in zones along walls extension. The following smtsi
will illustrate many cases that show large axiacés in
slabs and beams and show their distribution.

The reinforced concrete slabs (diaphragms) fornpde
beam which is subjected to horizontal uniform loaHe
column lines and the walls form supports to thesepd

in zones around or near the

developed as the slab is subjected to horizoniamse
forces whether the equivalent static method or the
response spectrum analysis are used.

The structural analysis and design software Sap2000
will be used to analyze a typical three by threegimslab
system (two way) one floor.Fig. 1 shows the plan.
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Fig. 1. Slab (diaphragm) layout- structural system

The slab is composed of three spans of 8m in ctiline
and three spans of 6m in y-direction. The floorgheiis

. o Hm. The columns are 0.4x0.4m square cross sectidn a
tension and compression in zones around the colunns

the walls are 0.4m thick. The slab is solid and has

thickness of 0.25m. The concrete compressive dtnefig

is equal to 28MPa with modulus of elasticity, E &guo

24870MPa. The end restraints to the columns anthedes
alls are pins. The slab is subjected to horizoitiade of

10kN/nt in the y-direction to represent the horizontal

seismic force. Also, a gravity load of 10kN/is applied
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to the slab to compare the membrane forces in oase 1

horizontal and gravity loads.

Eight structural systems are considered in thislystu
System 1 is formed of flat plate resisted by colanas
shown in Fig. 1. System 2 is formed of two way shath
beams between all columns and supported by colaans
shown in Fig. 2. Systems 3, 4 and 5 are flat plate
supported by walls and columns as shown in Figurés3
and 5. Systems 6, 7 and 8 are two way slabs wiéimbe
between all columns and supported by walls andnwotu

as shown in Figures 6, 7 and 8.

The beams of the frames are 0.30m width and 0.7m
thickness. The columns and beams are modeled as lin
elements and the slab and walls are modeled as area

elements.
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Fig. 5. Structural system 5
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Fig. 2. Structural system 2
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Fig. 6. Structural system 6
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Fig. 3. Structural system 3
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Fig. 4. Structural system 4
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Fig. 8. Structural system 8
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[ll. A NALYSIS OF STRUCTURAL SYSTEMS AND __"' "'__
RESULTS

The eight models are analyzed by Sap2000 software.
deep investigation of internal forces especiallyiabx
tension and compression is done.

System 1.

The system is composed of flat slab which is suggor
by columns as shown in Fig. 1. The maximum membrane F
forces in the slab due to gravity loads are 19.2kN |
compression and 4.1kN tension, refer to Fig. 9. The [
maximum membrane forces in the slab due to horiont B -4 97EHE8 EEEE S

; ; r u 1
loads are 593.76kN tension and 593_.76!<N compression Fig. 11. Membrane forces in slab in system 2 due to
close to the corner columns as shown in Fig.10. gravity loads
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-19.212951 1
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Fig. 9. Membrane forces in slab in system 1 dugrdoity —{ 200.459617
loads Sl TTTTTIT

Fig. 12. Membrane forces in slab in system 2 due to

horizontal loads
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E 93 TEO744 Fig. 13. Axial forces in beam in system 2 due toZumtal
[TTTTTTT loads at gridline 1

Fig. 10. Membrane forces in slab in system 1 due to

horizontal loads System 3:
The system is composed of flat slab which is suggor

System 2: by columns and walls as shown in Fig. 3. The marimu

The system is composed of slab with beams betwieen @embrane force in the slab due to gravity loads is
columns which is supported by columns as shownign F 40.83kN tension as shown inFig. 14 which is located
2. The maximum membrane forces in the slab due toe slab very close to the wall. The maximum meméran
gravity loads are 4.98kN compression and 0.58kMNiten forces in the slab due to horizontal loads is102MN\b
refer to Fig.11. Also, the axial force in the beantompressionas shown in Fig. 15 which is locatedhi
corresponding to the slab is equal to 2.05kN. Thelab very close to the wall. This value will be ebed to
maximum membrane forces in the slab due to horgontension if the applied horizontal force is reversed
loads are 200.46kN tension and 200.46kN compression
close to the columns as shown in Fig.12 and thal axi
force in the corresponding beam is equal to 16858k
shown in Fig. 13.
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40.831535

Fig. 14. Membrane forces in slab in system 3 dueto  Fig. 17. Membrane forces in slab in system 4 due to
gravity loads gravity loads

[-1030.554134

Fig. 18. Membrane forces in slab in system 4 due to

Fig. 15. Membrane forces in slab in system 3 due to k
horizontal loads

horizontal loads

It is found that the variation of axial compressiamd
tension forces along gridline 1 due to horizontatés is
linear. It starts from zero at gridline A, reaclmeaximum
compression of 520.26kN at gridline B (edge of yall
reaches maximum tension force of 520.26kN at gré&diC
(edge of wall) and then decreased to zero at gadl as
1030.55kN shown in Fig. 19.

It is found that the variation of axial compressfonce
along grid line 1 due to horizontal forces is lindastarts
from zero at gridline A, reaches maximum of 103@MN5
at gridline C (edge of wall) and then decreasedetm at
gridline D as shown in Fig. 16.
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Fig. 16. Variation of membrane forces in slab isteyn 3 @ @ @

due to horizontal loads at gridline 1 . . . .
g Fig. 19. Variation of membrane forces in slab istegn 4

System 4: due to horizontal loads at gridline 1

The system is composed of flat slab which is sugplor

by columns and walls as shown in Fig. 4. The manimuglstem 5 . .
membrane force in the slab due to gravity loads is '€ System is composed of flat slab which is sugglor

is L2 X
45.42kN tension as shown in Fig. 17 which is loddte lby columns and Wfi”S as shown in Fig. 5. The marmu
the slab very close to the wall along gridline 1tk membrane fo_rce in the slab C!ue to gravity _Ioad; IS
intersections of gridlines B and C. The maximun?&.lgk.N tensmnland compression as shown in Fig.20
membrane forces in the slab due to horizontal Idads WNich is located in the slab very close to the vedding

520.26kN compression and tension as shown in Fig gridiine 1 at the intersections of gridiines B a@d The
whi(.:h is located in the slab very close to the WHH. maximum membrane forces in the slab due to horont

P, loads is 408.88kN compression and tension as shown
ridlines B and C. . S :
grict Fig.21which is located in the slab very close t® wall at
gridlines B and C.
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axial force in the corresponding beam along grallinis
493.44kN as shown in Fig. 24.

Fig. 20. Membrane forces in slab in system 5 due to

gravity loads Fig. 23. Membrane forces in slab in system 6 due to
horizontal loads

Fig. 24. Axial forces in beam in system 6 due toZumtal
loads at gridline 1

Fig. 21 Membrane forces in slab in system 5 due to

horizontal loads It is found that the membrane forces in the slatiesa

linearly along gridline 1 from zero at gridline At

It is found that the variation of axial compressiamd maximum of 541'8!(N at gridine C, then to zero at
tension forces along gridline 1 due to horizontatés is gridline D as shown in Fig. 25.
linear. It starts from zero at gridline A, reaclmeaximum 941.9kN
tension of 408.88kN at gridline B (edge of walBaches
maximum compression force of 408.88kN at gridline C
(edge of wall) and then decreased to zero at gadl as @,,
shown in Fig. 22.
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ﬂ: 6.0m 1: 6.0 m ﬂ: 6.0m 1: System 7:
@ @ @ The system is composed of slab with beams betwieen a

columns which is supported by columns and walls as
Fig. 22. Variation of membrane forces in slab iatepn 5 shown in Fig. 7. The maximum membrane forces in the
due to horizontal loads at gridline 1 slab due to horizontal loads is 277.68kN compresaitd
tension as shown in Fig. 26 which is located in sheb
In general, it is seen that the membrane forcestdue very close to the wall along gridline 1 at gridsnig@ and C
gravity loads are very small and can be negleatethé and the maximum axial force in the correspondingnibe
design of the slab and its beams. The followinggaaphs along gridline 1 is 244.93kN as shown in Fig. 27.
will concentrate on membrane forces due to horedont It is found that the membrane forces in the slatiesa
forces only. linearly along gridline 1 from zero at grid line o
System 6: maximum of 277.68kN compression at gridline B then
The system is composed of slab with beams betwieen &77.68kN tension at gridline C, then to zero atligre D
columns which is supported by columns and walls & shown in Fig. 28.
shown in Fig. 6. The maximum membrane forces in the
slab due to horizontal loads is 541.8kN compressisn
shown in Fig.23which is located in the slab verysel to
the wall along gridline 1 at gridlines C and theximaum
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Fig. 26. Membrane forces in slab in system 7 due to Fig. 30. Axial forces in beam in system 8 due tgzumtal
horizontal loads loads at gridline 1

;
|
|
|
|
|
i
-201.62kN
|
|
y

6.0m 6.0m

] !
®»n ® © O
Fig. 27. Axial forces in beam in system 7 due tazamtal ~ Fig. 31. Variation of membrane forces in slab istegyn 8
loads at gridline 1 due to horizontal loads at gridline 1
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i IV. DISCUSSION
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It is clear that membrane forces exist in the slab
(diaphragm) due to horizontal forces such as seismi
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60m__, 60m , 60m flat plate slab at small areas. Also, it is foutnattthe

! loads. The membrane forces are found near the odlum
I I I I . ) .
® ®) © D) membrane forces with larger values exist in the slase

to wall edges in flat plate systems. In slabs vhidams
between all columns which is supported by columns,
membrane forces exist in the slab near columnsnatl s
System 8: areas, but less than the values in flat plate arad forces

The system is composed of slab with beams betwkeen gxist in the beams. In slabs between all columnistware
columns which is supported by columns and walls assuppqrted by walls and beams, larger membra_ne_s‘orce
shown in Fig. 8. The maximum membrane forces in t ist in the slab at edges of waI.Is and axial fBreest in :
slab due to horizontal loads is 201.62kN compresaitd the beams. In general the maximum membrane forces |
tension as shown in Fig. 29 which is located in sky € Slab exist in flat slabs supported by walls dnel
very close to the wall along gridline 1 at gridkn®@ and C smaller values exist in sle}b with beams supportyd b
and the maximum axial force in the correspondingnie co_Iumns. The qmal forces in the beams depend e th
along gridline 1 is 176.97kN as shown in Fig.30. stiffnesses relative to the slab.

It is found that the membrane forces in the slatiesa
linearly along gridline 1 from zero at grid line V. CONCLUSION
maximum of 201.62kN tension at gridline B then to

201.62kN compression at gridline C, then to zero at The slabs and beams that form the diaphragm are
gridline D as shown in Fig. 31. subjected to membrane forces; axial tension and

compression; due to horizontal loads like seismads.
The maximum values exist along wall lines in thebsind

in the beam which form collectors. The design cquigts
some specifications dealing with the details of the
diaphragms and collectors, but they did not indicdie
201 61732 variation of membrane forces in these diaphragrmes; t
slab and the beams.

The structural designer should take into accourseh
axial forces in the design and must be aware oféhkelts
of structural analysis and design softwares, ast rabs
Fig. 29. Membrane forces in slab in system 7 due to softwares do not consider axial forces in concsétb and

horizontal loads beam elements.
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