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The summary. In concrete structures, determining the fire endurance time is fundamental so as ensure
that structural elements be able to withstand an aggressive fire for a reasonable time period. Slabs are the most
susceptible to fire damage because of their large surface area and shallow depth. Analyzing their bearing
capability after sustaining fire requires the knowledge of temperature distribution in the cross sections, as well
as thermal properties of concrete and embedded steel. In this paper, a thermal structural analysis is carried out
on 3D slab panels system following American Concrete Institute (ACI) building code [1] in conjunction with
stress-strain relationships and ultimate stain data recommended by the Euro code. The consistency between
analytical modeling and experimental results has confirmed the accuracy of the proposed model.
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MOJIEJTIOBAHHS 3Sr HHHUX BJIACTUBOCTEM 3D
3AJII30BETOHHOI CTEJBOBOI MAHEJII 3A CTAHJIAPTHOI'O
BUITPOBYBAHHA BOT'HETPUBKOCTI

Kageopa 6yoisnuymea, Hopoancvkuil yrisepcumem HayKu i mexHono2ii

Pe3tome. Tpusanicms 30epedicenHs e1acmusocmell mMamepianie nio GNIUBOM B02HIO XAPAKMEPU3VE
80cHempuUeKicms OemoHHUx Koncmpykyitt bemowni naumu € Haubinow 6paziueumu 00 6NIUBY BOCHIO
KOHCMPYKYIAMU 8HACHIOOK IX 3HAYHOI naowi ma moswunu. Ananiz ix mpumxkocmi nompedye memnepamypHo2o
PO3n00iNy no nepepisy KOHCMPYKYii, a MaKoxic meniosux eracmusocmeli 6emony ma cmani. B oaniti pobomi
npoedeHo MPUMIDHULL MeMnepamypHull CMpPYKMYPHUIL auaniz cucmemu naueneti y 6i0nogionocmi 00
oyoisenvhux  Hopm  (ACI) ma E€epokodis. [JocmosipHicmb — aHarimuuHoi  MoOeni  niomeepodlceHo
eKCnepUMeHMATbHUMU Pe3YTbmamamu.

Kniouosi cnosa: bemon, 06yoieenvna mexamika, eKCnEpUMEHMALbHA MEXAHIKA, HENHIUHA NPYICHICID,
PVUHYBAHHSL.

Introduction. Recently, there has been an increasing interest in using new structural
systems for green housing. Such systems allow savings in energy and building costs while
possessing higher seismic stability as compared to tradition reinforced concrete and steel
structures. Three dimensional panel systems have been used in various parts of the word to
construct multistory buildings and houses since 10 years ago [1]. A geometric configuration
of a typical 3D ceiling panel is shown in Fig. 1. The panel consists of two steel meshes on
both sides of an expanded polystyrene core and connected together with a truss wire to
provide a 3D system. Additional longitudinal reinforcement was added at the tension side to
promote structural capacity. A major concern regarding the use of the new building system is
its ability to withstand an aggressive fire. In this paper, the fire time endurance of a typical
panel under a standard fire regime was determined both experimentally and analytically.
Hence, two panel were tested under a standard fire concentrated at the middle third region of
its span using methane gas portable blazers fasten to a steel frame. The heat regime
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recommended by the ACI code was followed [2]. While load was applied uniformly
throughout the panel span by 200kN hydraulic jack, deflection measurements were acquired.
The test was terminated at the moment of collapse designated by excessive deflection. To
establish the temperature profile the temperature at the top and the bottom surfaces as well as
at the inside surfaces of the concrete layers were measured during testing by type K
thermocouples. The results from fire testing were used to validate the analytical analysis.

Modeling Flexural Performance.

When heat is transferred through a medium, the temperature varies with time and
position. Under particular conditions, temperature varies in a parabolic manner with time;
such a system is called a Lumped System [3]. The concept underlying the original lumped
system is extended such that following separation, material temperature and mechanical
characteristics do not vary with position. The temperature and mechanical properties of the
unit are assumed to be everywhere the same as those at the center of the unit. In this work, the
cross section of an RC slab is divided into N segments for analysis. Each segment is consid-
ered to have a uniform (but different) temperature and iso-properties, according to the lumped
system concept.
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Figure 1. Cross section in the panel showing 4-mm steel meshes and
8-mm additional bottom steel (dimensions in millimeters)

The strain at extreme concrete compression fiber is first assumed, e.,. A distance from
the extreme compression fiber to the neutral axis, ¢, is then defined. Combining the tem-
perature distribution of the cross-section calculated from the temperature distribution model
and the strain, a residual compressive stress at j element,f, ¢ can be obtained from the stress-
strain relationships of concrete expressed mathematically in Eqns. 1. The values for which are
given according to Euro code [4] as:

KT
fj,e = = Cg Ecp S €.y
3
£4o(2+ (7))
€10 (1)

E —& 1.0
fj,a = feo l-—— Eep > €10

gcu,H - 801,6’

Where f.zis the ultimate compressive strength at a temperature &, .5 iS the
corresponding strain, and e, ; is the ultimate normal strain, given by Euro code [4].

It can assumed that the temperature, T,, distribution to vary in a parabolic manner
across the slab depth, hence we write:
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where, Tes, Tys, Tous, and Typs are the temperature at exposed, and unexposed surfaces, and at
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upper surface of the bottom layer, and the bottom surface of the top layer, respectively.
The tensile strength of the cross section of RC slabs can be written as:

Sf:vy,@ when ¢ >¢
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The strain in tension steel is related to strain in concrete based upon the strain diagram
shown in Fig. 1 as follows:

d
8s,€ = gcpﬂ(_ - lj (4)

c
The stress in steel f,. 4 is calculated based on the idealized stresses strain diagram and
ultimate stain values given by the Eurocode [4]. The yielding strength of steel at elevated

temperatures f_ g is calculated based on the eqn. of Eurocode [3] given as:
1
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Where £, ; is the ratio of f,, s (the yield strength at elevated temperature) to f, (the yield
strength at 20° C).

The compressive strength of the cross-section of RC slabs can be calculated by
summing all the compressive strengths on the compressive side of lumped units as follows:

c/Ay c/Ay
c= U fibA, =T flo,(0)bA, (6)
When the slab cross section is in static equilibrium, the residual ultimate moment of
the slab M, can be calculated according to ACI code [2] as:
S o, (0)bA, e, A,

Jj=1

>V flo,(0)baA,
If the sectional stress of the cross section is in static equilibrium, Eqns. (3) and (6)

should be equal. If not, the assumed ¢ value is suspected to be too small to satisty the equilib-

rium. In this case, the value of ¢ is increased and the calculation is repeated. If the equilibrium

remains unsatisfactory with the adjusted ¢ value, we assume that z_, is too small and ¢ is

increased. This process continues until Eqns. (3) and (6) are equal. A computer program was

developed to calculate the residual bending moment of reinforced concrete slabs after
exposure.

(7

MM = Asfyr d

Results and Discussion

The moment capacity for the ceiling panel under fire was determined based on
equations 1 through 7 using the compressive strength of concrete, measured from obtained
concrete cores, and the yield strength of reinforcing steel, determined experimentally, as well
as the measured temperature profile across the panel depth. The obtained residual moment
capacity versus exposure temperature was graphically presented in Fig. 2. The theoretical
temperature at failure that corresponded to 50% residual moment capacity was about 780°C.
This value is the same as the determined experimentally. The semi-linear behavior noticed
after 600°C is referred to the fact that the decrease in the moment capacity is dictated by the
reduction in steel yield strength under high temperatures: the concrete in the compression
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zone was subjected to relatively low temperature that had no effect on its mechanical

behavior.
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Figure 2. Reduction in Moment capacity versus temperature
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