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Article History Abstract

Received 21 April 2024 This study investigates slab damage, the underlying causes of these damages, and
Accepted 14 November 2024  the post-damage performance of a five-story reinforced concrete building with shear
walls under construction. Deflections and visible cracks resulting from these
deflections were observed in the slabs and beams of the building under investigation.

Keywords To assess the risk and progression potential of the existing damage, the vertical
Deflection control structural elements in the 1st normal floor of the building and the beams and slabs
Slab deflection in the ceiling were modeled in Midas Gen finite element software. This model was
Cracking subjected to the loads from structural elements, construction loads, coating loads,
RC slab material loads intended to correct the existing slab slope, and live loads.

Additionally, an in-situ loading test was conducted to evaluate the post-damage
performance of the slabs under vertical loads, and this test was incorporated into the
numerical analysis. To represent the structure’s behavior under loads during the
construction process, the time-dependent change in concrete strength was
considered. For the cracked section analysis of the slabs, the EN 1992-1-1 standard
was considered, and cracked section stiffness was applied for each mesh element
representing the slab. When cracking occurred, the effective moment of inertia was
calculated in both directions, and displacements for the cracked section were
determined based on this moment of inertia. The analysis model contains
approximately 3,000 meshes representing the slabs. Instead of employing a single
effective moment of inertia for the entire slab, the effective moment of inertia is
calculated separately for each mesh segment. The analyses, which considered five
different load combinations, revealed that the slab displacements in service
conditions exceeded the limit values specified in the applicable codes, indicating
that the slabs require strengthening.

Deformation
Serviceability

1. Introduction

The serviceability of a building is related to the absence of excessive deflection and cracks in its structural
element. Put another way, deflections must be controlled to ensure safety and serviceability in reinforced
concrete (RC) structures. Therefore, the calculation of slab deflections, as well as the consideration of creep
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and shrinkage effects, is necessary [1]. Consequently, adherence to the span-to-depth ratios prescribed in the
codes or conducting deflection calculations becomes essential for effective deflection control [2].
Numerous studies have explored slab behaviors. For example, Reda Taha and Hassanain [3] argued that
design regulations are inadequate in some cases, especially in deflection-sensitive elements such as floor
slabs, and that calculated deflection values can be significantly lower than the actual deflections observed.
The authors introduced a mathematical model using error propagation theory to estimate the error in the
calculated deflection for simply supported one-way reinforced concrete slabs. In another study, Muthu et al.
[4] examined partially restrained slab strips and proposed an analytical method to predict the load-deflection
behavior of these strips. Their results indicated that higher load-carrying capability can be achieved by using
less steel ratio, steel with less yield strength, higher edge stiffness, and higher concrete strength. Mari et al.
[5] proposed a simplified method for calculating permanent deflections, which incorporates fundamental
parameters reflecting the time-dependent behavior of reinforced concrete sections and members. The
implementation of their method revealed that including the creep coefficient and shrinkage stress in the
simplified formulas is essential for accurately estimating delayed deflections at any point during the service
life of normal or high-strength concrete structures. Gilbert [6] examined the impacts of creep and shrinkage
on the deflection and cracking of RC beams and slabs. The author introduced equations for calculating both
instantaneous and permanent deflections. Scanlon and Suprenant [7] proposed a simplified calculation
method for predicting deflections in two-way slabs in multi-story buildings, accounting for loading history,
time-dependent concrete properties, and the effects of cracking. Their results indicated that the 28-day
compressive strength predictions generated by the method aligned reasonably well with the experimental
results obtained from test slabs. Caldentey et al. [8] introduced a new formulation for slenderness limits in
the deflection control of RC flexural members, which was found to be compatible with the EN 1992-1-1
code [9]. Motter and Scanlon [10] developed an analytical algorithm to compute the center panel deflection
history of RC two-way slabs in multistory buildings. Their results revealed that the center panel slab
deflections estimated by the model were more responsive to alterations in slab thickness and aspect ratio
compared to variations in the construction scheme. Kilpatrick and Gilbert [11] argued that AS3600-2009
[12] tends to underestimate short-term deflection, particularly for lightly reinforced concrete slabs. They
suggested using the approach provided in EN 1992-1-1 [9] for a more realistic estimation. In addition,
utilizing a coefficient or conducting separate calculations for shrinkage and creep deflections was
recommended for a further accurate deflection calculation. Mari et al. [13] developed slenderness limits for
deflection control and proposed a new formula. They validated the accuracy of these limits by comparing
results from a nonlinear time-dependent analysis with those from permanent deflection calculations based
on Eurocode 2. Eren and Dancygier [14] examined simplified methods based on span-to-depth ratios as
outlined in the EN 1992-1-1 [9] and SlI [15] codes. They found that both simplified approaches closely align
with deflection measurements for slabs. However, for beams, they concluded that the S1I [15] method, which
incorporates more conservative ACI [16] data, shows greater consistency than EN 1992-1-1 [9]. Hasan and
Taha [17] examined the effects of aspect ratio (long span/short span), concrete strength class, and live load
on the permanent deflection of joistless floor panels. They noted that the aspect ratio is often overlooked in
permanent deflection calculations in existing regulations. Their findings indicated that ACI 318-14
requirements are generally adequate for meeting the L/360 thickness limit for plain slabs without beams and
the L/240 limit for typical spans and concrete strength classes. However, they found that these requirements
are frequently insufficient for achieving the L/480 limit. Tosic et al. [18] proposed a practical method for
controlling the deflection of bidirectional reinforced concrete slabs. This method utilizes elastic deflections
from linear elastic analysis in finite element software, yielding results that align well with experimental data
in the literature and demonstrate satisfactory precision and accuracy. Hu et al. [19] proposed a formula for
calculating the deflection of a reversible aggregate bidirectional concrete slab. They compared the values
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obtained from this formula with those from an existing theoretical formula, calculated a correction coefficient
for deflection, and validated the accuracy of this coefficient using data from model testing. Loewe et al. [20]
developed a new method that optimizes existing approaches to facilitate the design of slabs with appropriate
depth. This method is independent of the slab’s reinforcement ratio, unlike the Eurocode 2 approach.
Additionally, it accounts for multiple factors affecting slab depth—including span, load, allowable
deflection, incremental deflection, and concrete’s modulus of elasticity—unlike ACI 318 and Eurocode 2.
Considering the importance of span-to-depth ratio limits for deflection control in the design of reinforced
concrete structures, Santos and Henriques [21] established new span-to-depth ratio limits for reinforced
concrete continuous beams and slabs, informed by the MC2010 [22] and EN 1992-1-1 [9] codes. They found
that the newly proposed span-to-depth ratio limits meet both ductility and deflection requirements and are
influenced by several factors, including the redistribution factor, the characteristic compressive strength of
concrete, and the total reinforcement ratio. Priyanka and Ramesh [23] conducted an analytical and
experimental comparison of slab deflections, both with and without a magnification coefficient, to assess the
accuracy of Rankine-Grashoff and Timoshenko's plate theories. They found that the theoretical values for
one-way slabs differed from the experimental values by 45%, while the theoretical values for two-way slabs
were in good agreement with the experimental results. Sun et al. [24] proposed a crack detection method
utilizing graph-based anomaly calculations to monitor the condition of concrete slabs in high-speed railroad
tracks. Compared to other detection methods, their approach demonstrated success with minimal or no need
for core samples. Pecic et al. [25] proposed a span-to-depth ratio procedure for deflection control in one-way
reinforced concrete slabs and rectangular reinforced concrete beams. This procedure accounts for the effects
of cross-sectional dimensions, the area and placement of tensile and compressive reinforcement, material
properties, and the permanent creep and shrinkage parameters of concrete. The proposed procedure was
validated through numerous numerical simulations utilizing various input combinations for deflection
control and design. Derdiman [26] employed a Particle Swarm Optimization (PSO) algorithm to develop
models that comply with TS500 [2] criteria for various slabs with beams running in two directions and having
diverse dimensions. The researcher determined the optimal section and reinforcement bar (rebar) ratio for
different slab configurations. Vecchi et al. [27] examined the long-term effects of creep and shrinkage on a
reinforced concrete slab utilizing the PARC_CL 2.1 [28] crack model. Their findings indicated that
employing MC2010 [22] formulations for time-dependent behaviors of concrete often leads to an
overestimation of the slab's long-term deformations. Sakic et al. [29] examined the impact of slab deflection
on the out-of-plane capacity of masonry walls. Their findings indicate that slab deflection can cause
significant damage or substantially reduce the out-of-plane capacity of these walls. Ravasini et al. [30]
examined the impacts of concrete creep and shrinkage for nonlinear analysis in RC slabs using a finite
element model, taking into account serviceability limits. Their findings revealed that permanent deflection
is influenced by various factors including the modulus of elasticity and strength of concrete, creep, shrinkage,
the ratios of hogging and sagging reinforcements, the effective depth/total depth ratio of the slab, and
environmental conditions. Ahmed et al. [31] conducted analytical and experimental investigations into the
impact of carbon and steel plates on the flexural strength of RC slabs with varying thicknesses. Their results
suggested that steel plates are more effective than carbon plates in reinforcing RC slabs and result in a greater
reduction of deflections. EI-Ashmawy and El Zareef [32] proposed an innovative and efficient method for
detecting structural displacements, utilizing a least squares solution to generate a concurrent solution that
incorporates all observed data in a single process. They found that the proposed mathematical method
outperforms established approaches in the literature, including ACI 318-19, in terms of accuracy,
applicability, time savings, and cost-effectiveness in assessing structural element deformation.

As discussed above, although many studies have examined slab behaviors, only a limited number of
studies have conducted on-site slab loading tests considering different scenarios. Accordingly, this study
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aimed to assess slab behaviors through both numerical simulations and on-site evaluations. A representative
slab identified as critical was modeled and analyzed using finite element software to evaluate potential
damages in a five-story shear-reinforced concrete building during construction. Additionally, on-site
observations and a loading test were performed. The results obtained from the analysis of this slab were used
to predict the behavior of all slabs within the structural system and to assess all slab damage. Furthermore,
the outcomes of the numerical model were compared with on-site measurements, and potential reasons for
discrepancies were discussed. The novelty of this study lies in determining the damage distribution and
experimentally investigating the post-damage behavior in a full-scale real structure. This approach allows
for a better understanding of the slab's performance under vertical loads, which has not been extensively
addressed in previous studies. We believe these findings will make a valuable contribution to existing
literature.

2. The building examined

The building under construction, where slab damages were analyzed, features a reinforced concrete (RC)
frame and shear wall structural system. It comprises three basement floors, a ground floor, first and second
normal floors, and an attic floor. The building exhibits generally regular geometry, with dimensions of 40.2
meters in the x-direction and 16.9 meters in the y-direction at the ground floor level. The total floor area of
the ground floor is 677 square meters. The floor heights are 4.1 meters on the ground floor, 3.6 meters on
the first and second floors, and 5.3 meters in the attic. In the construction of the building, C30 class concrete
and S420 class rebar were used.

2.1. Slab characteristics
Tables 1 and 2 present the rebar arrangements and current deflections in the building's slabs obtained during

on-site examinations.

Table 1. Rebar arrangements in the slabs

Slab Thickness

Floor Lower and Upper Rebars Additional Rebar Stirrup
(cm)

319 Basement 15 and 30 @10 and 912 @ 15~20 010, @14, and 920 @ 012 and @14 @15
cm 15~20 cm cm

ond Basement 15 and 30 @10 and 912 @ 15~20 010, @14, and 920 @ 012 and @14 @15
cm 15~20 cm cm

15t Basement 15 and 30 010 and 912 @ 15~20 010 and @20 @ 15~20 012 and @14 @15
cm cm cm

Ground 15 and 30 010 and 912 @ 15~20 010 and @20 @ 15~20 012 and @14 @15
cm cm cm

ond Normal 15 and 30 010 and @12 @ 010 and @20 @ 15~20 012 and @14 @15
15~20cm. cm cm

15t Normal 15 and 30 010 and 912 @ 15~20 010 and @20 @ 15~20 012 and @14 @15
cm cm cm

Attic 15 @10 and @12 @ 15 om @12 @ 15~30 cm 012 and 014 @15

cm
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Table 2. Current deflections in the slabs

Deflection
Floor
Slab 1 (cm) Slab 2 (cm) Slab 3 (cm) Slab 4 (cm)

31 Basement 4.7 5.0 4.6 1.0
2nd Basement 5.6 4.9 6.7 55
15t Basement 6.0 2.5 5.0 5.0

Ground 3.6 4.2 - -

15t Normal 7.0 3.2 - -

2.2. Damage assessment

Deflections and visible cracks resulting from these deflections were observed in the slabs and beams of the
building under investigation. Fig. 1 shows images of these damages. As expected, cracks appeared in the
section of the slab located between the stairwells, running perpendicular to the long axis of the gap. However,
beyond the stairwell sections, the cracks gradually shifted direction, aligning parallel to the long axis of the

gap.

2.3. On-site investigations, loading setup

During the on-site investigations, a unit area test load of 8.5 kN/m? was applied to a 30 cm thick floor slab
at the ceiling of the first normal floor of the building. The loading configuration and the approximate
application area are shown in Fig. 2. The loading was maintained for two weeks. During this period, the
vertical displacement of the slab measured approximately 12 mm. Following the removal of the load, most
of the vertical displacement was recovered, and no permanent displacement was observed.

3. Numerical analyses

3.1. Modeling the load-bearing system

The analysis model created for the slab analysis is shown in Fig. 3. All vertical structural components of the
first floor, as well as the beams and slabs comprising the ceiling of this floor, were included in the model. In
the finite element program, plate elements with six degrees of freedom were used to model the shear walls
and slabs, while beam-column elements with six degrees of freedom were utilized for the beams. The analysis
model comprises reinforced concrete (RC) shear walls with thicknesses of 25 cm and 30 cm, RC beams with
dimensions of 25%60 ¢cm, 30x60 cm, 30x80 cm, 40x60 cm, and 50x60 cm, and RC slabs with thicknesses of
15 cm and 30 cm. Boundary conditions with varying degrees of freedom were defined at the wall-slab joints
and shear wall edges. The first floor was modeled because it exhibits the most significant damage and is the
most critical in terms of the structural system (with no basement walls), representing the overall structure. It
is believed that the calculations made for this floor regarding the cause of the damage will represent the
building. The mesh placement and dimensions were created according to the regions where slab sizes and
reinforcements varied. No convergence study was performed by altering the mesh sizes; instead, a single
mesh system was utilized with a high number of small mesh sizes. This approach is expected to be sufficient
to reflect the general behavior of the structure. As shown in Fig. 4, rotational freedom was defined for the
edges of shear walls at the shear wall-slab joints, assuming that rotation at these points was permitted. Fig.
5 illustrates the rebars used in the slabs. The top and bottom rebars, additional rebars, and stirrups were
delineated separately within the analysis model. Fig. 5 illustrates the rebars used in the slabs. The top and
bottom rebars, additional rebars, and stirrups were delineated separately within the analysis model.
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Fig. 1. Slab damages

NI

Fig. 2. On-site loading test and application area
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Fig. 3. The analysis model for 1% normal floor

Fig. 4. Freedom of rotation at shear wall-slab joints

3.2. Loads considered in analysis

For slab analysis, the external effects (dead, live, and test loads), to which a structure is exposed during its
construction, erection, and utilization were identified. The self-weight of the structural elements was defined
as the dead load (D1), with the unit weight of reinforced concrete set at 25 kN/m?. In accordance with the
construction stages, the slab was subjected to the weight of the formwork, as well as the weight of the slab
from the floor above. This load was taken as 8.5 kN/m? (C1), comprising 7.5 kN/m? for the weight of fresh
concrete and 1.0 kN/m? for the weight of formwork. (D1a). Non-structural elements (such as coatings,
marbles, leveling concrete, and flooring), which are not included in the finite element program, were defined
as dead loads (D2) corresponding to their self-weight. As provided in the statical project, the D2 loading was
set at 2.1 kN/m?. The live load (L1) is defined as non-permanent loading conditions that temporarily act on
structural elements. Therefore, a live load of 5 kN/m? was defined, in accordance with the structural design
specifications, to represent the live loads that the structure will experience during its service life after
construction. During on-site investigations, a test load of 8.5 kN/m? (T1) was applied by placing weight on
a specific slab section. Considering the losses incurred due to the load application practice, this load was
multiplied by a coefficient of 0.75 and defined as 6.5 kN/m? in the model.



291 Glines et al.

Direction x, up

Direction ¥, up

nidas Gen
FOST-PROCESSCR
SLAB CHECKING

e

Direction X, down

Directiony, down

Fig. 5. Slab rebars

3.3. Defining material properties

In the static project, the concrete class used in the building was specified as C30/37, and the rebar class was
defined as S420. Accordingly, the final strength of the concrete cylinder and the yield strength of the rebars
were established as 30 MPa and 420 MPa, respectively. However, damages observed in the slabs occurred
during manufacturing rather than at final stages. Therefore, different concrete strengths were defined
corresponding to various manufacturing stages and loading conditions, as shown in Table 3. Since the
existing conditions were examined rather than the design, the concrete and rebar strengths were defined
without applying the material safety coefficients of 1.5 and 1.15 outlined in TBEC 2018 [33]. The Mander
concrete model [34] was utilized to simulate concrete behavior, and the modulus of elasticity was calculated
using Eq. 1.

E = 5000,/fc ()
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Table 3. Material strengths for different manufacturing stages and loading conditions

Man gz;teuring Loading Cocrggfers;(iave é/llgsi:g :f[; ?)]:‘ Yit;:gbitrrelr\}lggg of
Strength, MPa Concrete, MPa !
Stage-1 D1, ~7 days 16 20000 420
Stage-2 C1, ~15 days 25 25000 420
Stage-3 D1la, D2, L1, T1, 28 days 30 27386 420

D1: Dead Loads, C1: Construction Loads, D1a: Weight of the Formwork, D2: Non-Structural Element Loads,
L1: Live Load, T1: Test Load

3.4. Analysis method for cracked slabs

The examined slab was modeled on the Midas Gen [35] finite element program and cracked section analysis
was performed according to the EN 1992-1-1 [9] standard. In this modeling approach, the slab was not
simplified to a beam or bar; instead, each mesh representing the slab was examined for cracking in
accordance with the applicable codes. If cracking was identified, the effective moment of inertia was
calculated for both directions, and displacements were determined for the cracked section using this moment
of inertia. Accordingly, the analyses were performed iteratively. The model included approximately 3,000
meshes representing the slabs. These calculations were repeated for each mesh until the specified iteration
tolerance was met. The aim was to achieve the most realistic behavior possible, accurately representing the
actual situation. Rather than employing a single effective moment of inertia for the entire slab, the effective
moment of inertia was computed and applied to each component separately. Second-order effects and the
nonlinear behavior of the material were not considered in the analysis. However, more precise and realistic
results could be obtained by accounting for these effects, but this is beyond the scope of the current study.

4, Results and discussion

Details of the loading for the examined slab are provided in Table 4. Displacement analyses were conducted
separately for the cracked sections considering five different cases. Initially, Case-1 was investigated based
on the observation that cracks and deflection occurred even under the slab’s own weight. Subsequently, Case-
2 was analyzed, representing the actual cracks and damages observed. It was assumed that the cracks and
vertical displacements occurring during Case-2 were permanent. Even after the removal of the manufacturing
loads (C1), the resulting displacements (AC1) were assumed to remain permanent. Case-3 was examined for
short-term final displacement in the slab during service. To assess the long-term displacement in the slab,
Case-4 was investigated by applying half of the live loads in the calculations, as prescribed by the applicable
code. To represent the on-site test conditions, Case-5 was examined. Although there was no C1 loading in
Case-3, Case-4, and Case-5, the permanent deflections, cracks, and moments of inertia reduction resulting
from C1 (AC1) were incorporated into the displacement analysis with certain assumptions.

Table 4. Examined loading scenarios for slab analysis

Case Loading Duration
1 D1 7 days
2 D1+C1 12~15 days
3 D1 +AC1 +Dla+D2+L1 28 days
4 Dlc+ ACl+ Dlac + D2¢c+ 0.5L1c Long-term
5 D1 +AC1+T1 28 days




293 Glines et al.

4.1. Analysis results for Scenario-1

Fig. 6 illustrates the displacements for uncracked and cracked sections of the slab in Scenario-1. The
displacement resulting from the reduction in the moment of inertia due to cracking in the slab was nearly
double that of the uncracked section. The displacement observed in the uncracked condition was 7.16 mm,
which increased to 13.74 mm in the cracked section. According to the effective moment of inertia approach
outlined in EN 1992-1-1 [9], the effective moment of inertia ratio in the y-direction, where cracking is
anticipated, was multiplied by a factor of 0.34, while in the x-direction, where cracking is not anticipated, it
was multiplied by a factor of 1.00. This increase in displacement indicates that cracks can occur in the slab
even under dead load alone due to the assumptions made.

4.2. Analysis results for Scenario-2

Displacements in the cracked section of the slab for Scenario-2 are shown in Fig. 7. The displacement
resulting from the reduction in the moment of inertia due to cracking in the slab was 45.55 mm. According
to the effective moment of inertia approach outlined in EN 1992-1-1 [9], the effective moment of inertia ratio
in the y-direction, where cracking is anticipated, was multiplied by a factor of 0.34, while in the x-direction,
where cracking is not anticipated, it was multiplied by a factor of 1.00. The resulting displacement indicates
that numerous cracks occur in the slab under the dead loads, fresh concrete load, and formwork load due to
the assumptions made.

4.3. Analysis results for Scenario-3

Fig. 8 illustrates the displacements for cracked sections of the slab for Scenario-3. The displacement caused
by the reduction in the moment of inertia due to cracking in the slab was measured at 76.00 mm. According
to the effective moment of inertia approach detailed in EN 1992-1-1 [9], the effective moment of inertia ratio
in the y-direction, where cracking is expected, was multiplied by a factor of 0.34. In contrast, in the x-
direction, where cracking is not anticipated, it was multiplied by a factor of 1.00. The observed displacement
indicates that numerous cracks occur in the slab under the dead loads, coating loads, and live loads based on
the assumptions. Although no C1 loading was applied in Case-3, permanent deflections and cracks resulting
from C1 were incorporated into the total displacement under certain assumptions.

4.4, Analysis results for Scenario-4

For long-term deflection analysis, the creep coefficient was taken as 3. The deflection of the slab at the
manufacturing stage (Scenario-2, D1+AC1) was calculated to be approximately 45 mm. The additional long-
term deflection due to the D1 loading was estimated at approximately 35 mm (D1c - D1, 49 - 14 = 35 mm).
Conversely, the long-term deflection due to the Dlac + D2c + 0.5 x Llc loading was calculated to be 85
mm. Accordingly, the estimated long-term deflection in the slab was 165 mm (45 + 35 + 85). Considering
that the C1 loading is not long-term, no additional long-term deflection was anticipated. However, permanent
cracks and the reduction in moments of inertia resulting from this loading were considered

4.5. Analysis results for Scenario-5

Fig. 8 illustrates the displacements for cracked sections of the slab for Scenario-5. The displacement caused
by the reduction in moment of inertia due to the cracks in the slab measured 73 mm. The initial deflection of
the slab due to manufacturing (Scenario-2, D1 + AC1) was estimated to be around 45 mm. Therefore, the
displacement attributed to the test loading was determined to be 28 mm (73 - 45). The displacement recorded
during on-site examinations under T1 loading was 18 mm. This variance is attributed to the concrete strength
being higher than C30 at the time of testing, as well as the approximate load value. Although there was no
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C1 loading in Scenario-5, permanent deflections (AC1), cracks, and the reduction in moment of inertia
resulting from C1 loading were considered in the calculations based on the assumptions made.
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Table 5. Displacements obtained from slab analyses

Scenario Loading Displacement, mm
1 D1 13.74
2 D1+C1 45.55
3 D1+ ACl1+Dla+D2+L1 76.00
Dlc+ AC1+ Dlac + D2¢ +0.5L1c
4 . =165
(c: creep, long-term deflection)
5 DI +AC1+T1 73.32

4.6. Overall results

The examined cases and results are summarized in Table 5. First, the slab was evaluated considering only its
self-weight (Scenario-1). Subsequently, Scenario-2, representing the formation of the existing cracks and
damages during the manufacturing phase, was analyzed. The cracks and vertical displacement observed in
Scenario-2 were assumed to be permanent. Even though the manufacturing loads (C1) were removed, the
displacements caused by these loads (AC1) were considered permanent. To determine the long-term final
displacement of the slab in service, Scenario-3 was examined. Scenario-4 analyzed the long-term
displacements of the slab by applying half of the live loads as stipulated in the applicable code. To simulate
the on-site loading test, Scenario-5 was evaluated. Despite the absence of C1 loading in Scenarios 3, 4, and
5, the permanent deflections, cracks, and moment of inertia reductions resulting from C1 (ACl) were
included in the displacement calculations through certain assumptions. The displacements of the slab in the
service condition were found to exceed the limit value of L/480.

5. Conclusions

To analyze and evaluate slab damages in the RC building under construction, a finite element model of a
critical slab section was developed and examined. The results obtained from the model were compared with
those from on-site loading tests. The key findings of the study are summarized below:

e During on-site inspections, deflections were observed in several RC slabs and beams, accompanied
by cracks resulting from these deflections. As anticipated, cracks formed in the section of the slab
located between the stairwells, running perpendicular to the long axis of the gap. In contrast, in
other sections, the cracks gradually changed direction, aligning parallel to the long axis of the gap.

e Cracked section analysis was performed for the examined slab. Each mesh representing the slab
section was numerically evaluated for crack formation. If cracking was detected, the effective
moment of inertia was calculated for both directions, and the displacements for the cracked section
were determined using this moment of inertia. Rather than using a single effective moment of inertia
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for the entire slab, the effective moment of inertia for each component was calculated and applied
separately. As expected, some slab sections exhibited cracks while others did not. This methodology
aims to achieve the most realistic behavior possible, accurately reflecting the actual conditions.
The analyses, which considered five different load combinations, revealed that the slab
displacements in service conditions exceeded the limit values specified in the applicable codes,
indicating that the slabs require strengthening.

Some variations were observed between the displacements obtained from the cracked section
analyses and those measured during on-site examinations. While the displacement calculated for
the manufacturing phase was 45 mm, the in-situ measured value was approximately 50-60 mm.
Possible reasons for this difference include defects in the slab formwork, measurement errors in the
field, disparities in concrete and reinforcement strengths, inconsistencies in rebar diameters and
spacing between the project specifications and construction, and variations in boundary conditions.
Despite the proper preparation and leveling of the formworks during fabrication, it was observed
that the lower floor slab, which was subjected to the weight of fresh concrete and formwork and
had not yet attained the anticipated concrete strength outlined in the project, experienced greater
displacement than expected. Consequently, permanent deflection was noted in the slab. Therefore,
it is believed that a significant portion of the variation between the numerically calculated and actual
displacements may be attributed to this behavior.

As a result, the analysis of potential short- and long-term displacements and their distribution throughout

the structure for different scenarios (Scenarios 1-5) indicated that the current strength of the slabs is
inadequate and requires appropriate strengthening. This study is believed to contribute to literature by
demonstrating the importance of considering the loads and potential permanent deflections during the
manufacturing phase in the design and analysis of reinforced concrete slabs. Future studies may consider
second-order effects and nonlinear material behavior for more precise and realistic results. Performing
similar analyses on different structures may also provide more generalizable insights.
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