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ABSTRACT

It is unclear whether relnforced concrete flat-plate structures Passess sufficien:
latera! capacity 1o resist the latera! forces that can be expected dunng a Swong wind or ar
earthquake. Most experimental studies on flat slab sttuctures have beer concenmated on
individual element behavior Some researchers stdied connections with edge columns
sublected 10 shear-moment transfer. while others swdied interior slab-column connectons.
This type of IMVestigations can not predict the actual behavior of flas plate sructures under
vertical and Increasing lateral ivading, Therefors experimental stdy is needed w0 cover this
part.

During recem vears much TeSEArch has been devoted 1 the developmen: of
nonlinear numerical methods of analysis for reinforced concrere STucnures. At presen: |
several computer programs are available for the study of the nonlinear response of
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Central Library - Ain Shams University



“ewnforced concrete siabs. Non of the available programs account for all criicar factors
affecting the nonlinear ar nalysis of reinforced concrete struommes, Therefore aralviical stugs
13 neeGed to investigate these factors,

The obiective of this Sy s 0 experimemally ang anantcally investgare the
S&havior of reinforced ConCrete fai-plate stoctures under simolaneous unisormls
distributed vertical load and i increasing lateral load Lp ‘0 failure With the aid of direct 1.4
and 1/10 scale models. The dimensions and loading of e models were chosen simulare
the behavior of acrual proiotype swuctures and are used oo study the columm-giah
connections and the overall 3-d'mensiona; oehavior of the suctures,

Due to the prohibitanve cos of full-scaie testing o seinforead concrets stuctures.
potentiai probisms of workmanship and capaciny Hnsmuon of lcading eguipmens
economical method utilizing the direct mogeiing wechnigue i proposed as 2 wepiacemsmn 10
full-scale esung. The techrigue and metha 103; -3 11 modeling the rennforced comorats
specimens 2t 1/4 and 110 scale are presented anc Ciscussed The gepmerca), Phvsica
and mechanical propertes of ali mode! COMPOneN!  materials .concrete and sies
reinforcement: are mvestigated experimentally.

The present experimental study focuses on the behavior of the resnforceg concrete

building framas subjected 1o constant vertical ioad and rmonotonically increasing lateval load
anc teversed cyclic oading  representing wing or farhguske a0Uoms using smal-soze
direst mogeiing echmgues This would Drnvide o b ' .
oehavioral chamacterisics of the rewnforced concrew Junding fEmes under combinac
vertcal and lateral ioads.

A wa of four specimers were womsruciel and esied ar Drexe LTVeTsin
Laborato:*. These specimens ae

- Fixec plane frame one 1 Bay. One siorey using 149 scals model s as lestec under
CONStar concenTated verncal igad at the maddie and INCTEASINE MOnOINi: af‘:_ ac up

K
r

m
L ra
o
i
9
|
|
.
i
§
i
P
frey
[

ety

aiiure,

- One storev. one pansi, two way siab on four neams S SUPDOTIEC or four columns

sing 14 scale modsl, was teged 4nder cons@nt uniform vertics! i04C 1using & waffle wee
and r._\dmu i€ jack; anc incn Teasing monowonic ‘ateral inad up ¢ failure,

3. One sworey. one Danel . flat plate on four columns, using le model. was
testec under constant vertical Joad {using waffle mee and OYVCrAUIT jack . znd inctes ng
Jonotoruy Lateral load up 1o failure.

= Three sworev. one Day by - ree bays flar plare on SIENT Cofimns using L ClU scaie
m&dzel. was ®sieC under uniforrs conswant verical loed using g} '
TCTeAsIng monotonic lateral ioac Up 10 racking, Then. 2 reversed cvelic ioading
Tepreseniing eatthcuake achon. was used 10 s8¢ how much this stucmre car resist izreral

-

Gact')r after cracking,

Yot
NES
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Considerable progress has been recently done in developing nontinear analvtical
models for the actual response of reinforced concree structures, However. most of the
available analytical techriques are still impracticat or of Hmited accuracy. The work that has
been done on flar slab structures has not dealt directly with the nonlinear analysis of three
dimensional building frames. Recent studies have atiempted 10 provide more accurame
nonlinear analysis of structural systems subjected to vertical and lateral loads up o failure.
Inall these studies. the three dimensiona! building frame was modeled as a series of typicai
plane frames aligned in the direction of the applied lateral loads,

This study describes the development of Computer program for the nonlinear
analysis of building frames as Space structures under uniform vertical and monotonic iareral
icad. The program is bhased on the finite element technique of analysis mixed with the
displacemen: method.

The program is coded in FORTRAN language and has been ested on IBM 2386
personal computer. Anisotropy ., geometrical and material nonlinearities are included in the
analysis. The pogrom employs an efficient finite elemen: that makes it possible 1 use a
relatively small number of elements. The mode! is based on smal! defiection theory and
uses a2 layered 48 degree-of-freedom recangular element. The structure is treated as an
assembiage of thin plate elements subjected o in plane and transverse & TCES

A numerical method of analvsis is developed 1o trace the response or reinforced
CONCTRtE slabs and shells under different kinds o load conditions. The load-deflactan
history of such structures through the elastic, inelastic and uitimate ranges is calculared.
The ulimate failure of these STuctures due to In-plan membrane plus bending effects is ther
predicted considering failures in stee! and concrete along with the deterioration of the
Structural stiffness due 1o progressive cracking.

A fnite element and finite SUIp stiffness formulations are geveloped 1o anaivze
reinforced concrete slab and cylindrical shell structures,

An updated Lagrangian formulation 1s employed 0 take the effects of changing
structural geometry on the response of smuctures im0 account. The effect of initial strasses
i5 incorporated by the inclusion of the SEOMETIC stiffniess. Small displacements are
allowed . and the theory assuming small smins ang rotations 1s still valid at the elemen:
level,

The reinforced concrete section is modeled as a layered svstem of concrete and
“eguivalent smeared” stael lavers. Full-bond is assumad 1o XISt betweer the concrete and
Sonded stee! lavers. The suffness of an eiement is ther obuined by mregrating the
conzibution from all the tayers ir the secton.

Concrete behavior under the biaxial state of stress is represented by a nonlinear
constitutive reladonship which Incorporates tensile cracking at 2 Limitng stress. tensile
stfferung hetween cracks and the stain-sofiening  phenomenon bevond the maximum

ix
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compressive strength. The steal reinforcement is represented by a bilinear, strain hardening
model. '

As mentioned before layered formulation Is adopied to represent the steel
reinforcement and to simulate progressive concrete cracking through the thickness. The
nonlinear variations in material properties through the depth of the slab are considered.
Concrete is modeled as anisotropic nonlinear material in both Compression and tension.
Steel is represented as a uniaxial material with a bilinear stress-strain curve. The sources of
material nonlinearity are examined and accounted for in an incrementai-iterative nonlinear
solution procedure. The material mode! for concrete allows for stain softening after
cracking and crushing and gives the directions of cracks. The ability to represent cracking
as & continuous process is a unique feature of the model and is significant in pbtaining a
good match with experimental results,

Finally, several numerical examples are presented to demonstrate the validirv ang
applicability of the present method of analysis. The numerical results obmined from the
analysis are compared to the availabie expertmental data and the analytical results obtained
by the author and other investigators and good agreement 1s demonstrated.

The program was used to anatyze four reinforced concrete specimens tested by the

compared with the test data. A good agreement was obtained,

The test results showed a ductile behavior Horizontal cracks at the wension side and
yielding of column reinforcement was recognized. A nonlinear ductile behavior was
recorded . The brittle faijure by punching shear in siab was nor expenienced as expected due
to increase the stab thickness to avoid brittie failure by punching shear of the slab and to get
a ductile behavior which can compare with the analytical results from the computer
program.

ductility of the structure.

Analytical study of the behavioral characteristics of the reinforced concrete building
frames using finite element method and framing action is presented. Comrelation with the
experimental resuits are inciuded. The main objective of the analvical study is to provide a
means of covering a wide range of parameters which can not be investigated experimentally
due 10 budget and time constraints. To allow a meaningfu] analysis of analvtical data and to
provide a better understanding on full-scale of a reinforced concrete building frames
Tesponse a parametric studies were chosen to cover a number of design variabies.
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