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ABSTRACT

This study evaluates the flexural behavior of an Ultra high perfor-

mance fiber-reinforced concrete (UHPFRC) slab through experimental OPEN ACCESS
and Finite Element Method (FEM) analytical investigations. A full-size

U-UHPFRC bridge deck specimen serves as a reference for the research. Received: 31/05/2025

A nonlinear FEM is put forward to link material characteristics, failure
mode, and bearing capacity of U-UHPFRC decks, considering the fail-
ure behavior with different impact parameters of reinforcement ratio, Published: 27/11/2025

thickness and side ratio. The flexural performance calculation formula DOI

for UHPFRC slabs was derived using three failure modes. The results 10.23967/j.rimni.2025.10.68545
indicate that this method can effectively predict the load transfer and dis-

Accepted: 10/07/2025

tribution patterns of UHPFRC thin slabs, providing a reference range for Keywords:

the reinforcement ratio, thickness and long-short side ratio in UHPFRC Nonlinear numerical simulation
one-way or two-way slabs. These research results can optimize the crack thin UHPFRC bridge decks
resistance and toughness of thin UHPFRC decks, improve durability, and multi-dimensional model
appropriately reduce carbon emissions. It is suitable for bridges or special flexural behavior

structures with higher load requirements and provides theoretical support
for the full-life operation and development of UHPFRC components.

1 Introduction

Ultra-high performance fiber-reinforced concrete (hereinafter referred to as UHPFRC) exhibits
self-consolidation, extremely high compressive strength, and excellent durability [1,2]. The excellent
performance of UHPFRC is achieved through its dense microstructure and short-cut steel fibers [3,4],
which are widely used in thin decks. On the one hand, the presence of concrete decks can significantly
improve the flexural stiffness before cracking. Conventional concrete struggles with crack resistance
and is prone to cracking [5—7]. On the other hand, once the concrete cracks, the stress on the bridge
deck increases sharply, accelerating the degradation of the concrete. Therefore, the development of
fully prefabricated UHPFRC slabs can resolve the problem of insufficient applicability of existing slabs
in the bending resistance and durability of the overall structure [8—10]. The application of UHPFRC
in bridge structures not only solves problems such as downward deflection of the main span and beam
cracking but also realizes diverse, lightweight, and thin-walled structural forms, lowering the overall
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life cycle cost of the structure. This aligns with modern bridge development concepts such as low-
carbon, environmental protection, beauty and economy [11,12]. The structural system learn in this
article is mainly used in the field of bridge engineering to provide high strength, high durability, and
lightweight advantages [13,14]. The specific expected uses include: as a repair and reinforcement cover
layer for existing concrete bridge decks, it is used as a panel element for new bridge structures and to
enhance the reinforced concrete performance in composite structures; the wet connection of UHPC
between prefabricated floor slabs to improve the overall integrity and seismic performance of the floor
slab system under lateral seismic loads [15].

For the mechanical properties, the mechanical properties of UHPFRC slabs differ from those
of ordinary concrete slabs due to the influence of steel fibers. Previous research has shown that
clarifying the mechanical properties of UHPFRC wet connections, shear key construction, and loading
mode impacts the failure mechanism of wet connections [15]. UHPFRC square plates with different
thicknesses can be used in structures that cannot use reinforced concrete due to their light self-
weight, as it was found that UHPFRC thin plate has high compressive strength and good ductile
bending response [16,17]. Therefore, it is necessary to establish a mechanical method for predicting
and evaluating the bending behavior of UHPFRC thin plates throughout the entire failure process.
The UHPFRC plate was also subjected to negative bending moment zone tests, which improved the
thickness and shear connection performance of the UHPFRC plate [18]. In terms of computational
analysis and FEM, the existing theoretical analysis formulas for ordinary concrete slabs cannot
accurately represent the actual results of UHPFRC slabs, and it is necessary to derive a formula that
conforms to the theory for UHPFRC thin decks. In the early stages, scholars have carried out research
on UHPFRC components and achieved certain results [19,20]. Bending performance tests on high
reinforcement UHPFRC plates with different steel fiber volume content, tensile mechanical properties
research on gridded enhanced UHPFRC sheet were conducted [21,22], and gave the bending capacity
formula [23]. UHPFRC Waffle bridge panels were analyzed for the bending, shear performance
and the influence of major design parameters through finite element and tests [24,25]. Large-scale
UHPFRC beams were used in bending test research on the deformation and bearing capacity [26],
and a multi-layer analysis model of prestressed UHPFRC was constructed to calculate the bearing
capacity [27]. In addition, previous research has shown that the process from loading to failure of
a UHPFRC slab is a nonlinear one [28]. A nonlinear numerical model of a reinforced UHPFRC
composite beam was established to verify the reinforcement effect of using reinforced UHPFRC as a
bridge deck pavement, and the composite beam was analyzed for its structural response and cracking
[29-31]. By conducting nonlinear analysis on the strain of UHPFRC corresponding to influencing
factors, a basis is provided for the design of UHPFRC thin plate partitioning principles.

This paper conducts a multidimensional analysis of UHPFRC thin decks, focusing on component
size, nonlinearity, and structural performance. The study evaluates a full-size U-UHPFRC bridge
deck test, from the elastic state to failure. Proposes a theoretical analysis model for positive torque
before failure, and establishes a nonlinear numerical model to investigate the relationship between
tensile strain and material properties during the failure process of UHPFRC. It compares the results of
theoretical analysis and numerical simulation with the calculation results of an ordinary high-strength
concrete slab. Variable parameter analyses the factors affecting the mechanical properties of UHPFRC
thin plates. This provides a reference for guiding the UHPFRC thin deck design.
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2 Experimental Studies and Nonlinear Numerical Analysis
2.1 Speciment

The full-scale model test was conducted in the Key Laboratory for Structural Safety Maintenance
of the Federal Polytechnic University of Lausanne, Switzerland. The UHPFRC used in the compo-
nents was a specially designed UHPFRC by the MCS laboratory, which is a premixed type with a
base composed of cement, silica fume, and sand. The steel fiber content can reach 3%, resulting in
high mechanical properties [32,33]. The purpose of this experiment was to study the stress behavior of
U-shaped bridge decks, and the test results are shown in Fig. 1.
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Figure 1: The specimen (unit: mm): (a) Complete view; (b) Side view; (¢) Top view

2.2 Test and Instrumentation

Fig. 2a—e shows the three-point bending test setup. Rigid steel blocks are used for simple support,
and strip-shaped wooden blocks are placed between the steel beam and the test model. The load
is applied by the actuator at the middle span. Fig. 2f,2 shows the top deflection measured by five
measuring instruments (D1~DS5), and four measuring instruments (S1~S4) are used to measure
the bottom deflection. Nine transverse and longitudinal strain gauges in the sample for strain
measurement. R1~R5 are UHPFRC bottom rib strain gauges. L1~L2 and TI~T2 are used to
measure the longitudinal and transverse strains at the bottom of the specimen, respectively.

2.3 Structure Discretization Analysis

The experimental results are compared with the theoretical results to verify the correctness of the
numerical model. The solid element is used to simulate UHPFRC and ordinary high-strength concrete
slabs, while steel bars are simulated using the rod element. The hexahedron is the main grid division
method, the FEM is shown in Fig. 3.

2.4 Constitutive Relation

The UHPFRC constitutive model in FEM adopts the full strain fracture model, where the
compression characteristic function is the Thorenfeldt function, and the tensile constitutive model
uses a multiline function to simulate the entire stress-strain process, as shown in Fig. 4a,b. Ordinary
high-strength concrete (C60) slabs are selected for comparison, with the same model size [34]. The
constitutive model of C60 is simulated using a constant model, as shown in Fig. 4¢,d. Ordinary steels
use the Von Mises model. The elastic modulus of UHPFRC, C60 and steel bar are 50 GPa, 36 GPa,
and 205 GPa, respectively. Specific material characteristic parameters are given in Table 1.
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Figure 2: Test setup of (unit: mm): (a) Study model; (b) Loading position on top surface; (c) Top
measuring positions; (d) Strain position on bottom; (e) Displacement transducers position on bottom;
(f) Front positions; and (g) Bottom positions
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(a) (b)
Figure 3: FEM: (a) Full bridge model; (b) Local beam model
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Figure 4: Constitutive model:(a) UHPFRC compression; (b) UHPFRC tensile; (¢) C60 compression;
(d) C60 tensile
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Table 1: Material characteristic parameters

UHPFRC Sue MPa)  fy,, (MPa) &y, (%0) ey (Yoo) & (Yoo) Sfvaw (MPa)  Ey (GPa)

6.5 10 0.15 2.0 5.0 150 50
Ordinary  f, (MPa) f, (MPa) &, (%)  &,(%)  E(GPa) ¢(mm) N
steels 500 510 2.19 100 205 14 2

Prestressed £, (MPa)  f,, (MPa) &, (%) & (%00) E (GPa) ¢ (mm) N
steels 760 1860 2.19 100 195 15.2 6

2.5 Load Simulation

A set of nodes is set vertically on both sides to simulate the boundary conditions, limiting the
displacement and angle in the x and z directions while releasing the displacement and angle in the y
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direction. To reduce local stress concentration and avoid local punching damage caused by excessive
load, nodes are set at the center of the finite element to simulate the loading of steel plates. Finally,
the descending section curve along the normal direction of the loading block is obtained using
displacement load control.

2.6 Result Analysis

Asshownin Fig. 5a, the center displacement of the 1/2 U-shaped beam calculated by the nonlinear
FEM is compared with the center displacement under the action of forces 1 and 2 obtained from
experiments. The trend of the three curves is the same, consistent with the test load-displacement
curves, obtained under two types of concentrated forces, especially when the displacement is less
than 10 mm. Fig. 5b shows the load-strain curves the trend of lateral load-strain variation is in good
agreement with the experimental strain law, especially for the two strain curves of measuring point
force 2, which almost overlap. Therefore, the established nonlinear FEM can simulate actual stress
well. In the test UHPFRC-U beam, cracks appeared at the subsurface bottom plate, and the first
visible crack appeared at the central rib, eventually forming several visible longitudinal and vertical
cracks. The maximum vertical crack was connected with a longitudinal crack. The failure mode is
shown in Fig. 6.
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Figure 6: Failure modes of the U-beam test: (a) Top surface failure of the bottom plate; (b) Bottom
surface failure of the bottom plate;(¢c) Bottom rib failure
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3 Nonlinear Theoretical Calculation

Taking the experimental model as a reference., assume the length, width, and displacement of
the slab are L, B and 8, respectively, as shown in Fig. 7a. According to the nonlinear characteristics
of UHPFRC material, when a concentrated load is applied to a slab, the possible ductile slab failure
modes are divided into three types: I, IT and III. Category II can be divided into two modes (Ila and
IIb), and category III can be divided into two modes (I1la and I1Ib), thus giving five modes in total.
The ultimate bearing capacity equation P, is derived, and the ultimate bending capacity is predicted,
where the bending moments of the ultimate positive and negative resistance plates are represented as
m, and m,, respectively.

3.1 Failure Mode 1

In this mode, the slab is destroyed along the width, and only one crack appears, as shown in

Fig. 7b. The virtual work equation is given by:

B
PU,I - 4Wluz (1)

(d) {e) mn

Figure 7: Theoretical analysis of failure patterns: (a) Two-way slab with concentrated load; (b) Failure
pattern I; (¢) Failure pattern Ila; (d) Failure pattern IIb; (e) Failure pattern I1la; and (f) Failure pattern
I1Ib

3.2 Failure Mode 11

Failure mode II can be divided into two parts of the yield line: Ila and IIb, as shown in Fig. 7c,d.
Assume the distance of the line from the center is a, while the distance of the free edge is nB/2, where
0 < n < 1, and the central angle is denoted by ¢.

(1) Mode Ila
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The ultimate bearing capacity is Py ;,, and the virtual work equation is given by:

8 2 (m +m,)nB
ma (m, +m,)n

Py, = 2
U.la B P (2)
.. PUJI'A .
When the minimum P ;,, occurs = 0, there is
a
Py, =40 +n) vV M (m; + mu) (3)
(2) Mode IIb
The ultimate bearing capacity is Py -
Py, = 4m, cot % +2(m,+m,) ¢ (4)
Whenm;:O,thencotfz 4 =0,¢ =m.
2 m,
PU,lla = 4 (1 + 77) mi = 4 (1 + 77) mu ~ (40, 80] mu (5)
PU'”h - 27T . mu - 628]/}’1“ (6)

3.3 Failure Mode II1

Fig. 7e,f shows failure modes I11a and I1Ib. In mode II1, there is only one yield line extending from
the loading point to free edge, while several yield lines are restricted within the slab on the other side.

(1) Mode IIla

The virtual work equation is:

4m, nB , AL
Py, = v (Cl + 7) + (mu + mu) 7 (7)
.. PUJIIa
When the minimum occurs Py ;,, then = (,thus,
nB
P J. - 4 u ' u ) 8
vy = A (1, ) 5 m ®

(2) Mode I1Ib

The central angle is denoted by ¢. The virtual work equation is:

¢

B ,
Py, = 2m, (COt =5+ 77_) + (Wlu + mu) ¢ )

2 AL
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’

When mu = Ocot % = [T 0, ¢ = m, the two sectors in failure mode I1Ib are connected to form
\ m,
AL |m 1 B
a full circle. If a = - m, = 1/2)1L, the loading position is at the center point a = EAL < 7
m,
SO > 2, then,
ALJ2
P dm, + B g, 12 (4.0;6.0] (10)
U,Illg u AL/Z i u 77 u B u
nB-m, )
Py, =m, + T/z > 3.14m, + 2nm, ~ (3.14;5.14] m, (11)

When calculating the bearing capacity, the minimum load leading to failure is calculated according
to different failure modes. Among them, failure mode I applies to one-way slabs, while failure modes
IT and III apply to two-way slabs. Based on the three failure modes under a concentrated load, the
corresponding calculation formula for P, is derived, with the boundary condition of simply supported
edges at both ends, namely, m, = 0. The averaging point is taken as the theoretical calculation value,
and the calculation formula for the slab theoretical bearing capacity in each calculation model is shown
in Table 2.

Table 2: Theoretical bearing capacity of the slab calculation expression

Failure mode 1 I1a 1Ib II1a I11b

B
Bearing capacity Py, 4muz 6.00m, 6.28m, 5.00m, 4.14m,

3.4 Failure Mode Verification
Fig. 8. shows the failure mode verification diagram according to the test component size.

. 942

1

. B |

] ®

B3 837 Laz
T 4

Figure 8: 1/2 longitudinal section (unit: mm)

The calculation process is as follows:

f Ucu f Utu h h f Utu ﬂ
b, = T )b+ 2oy ey 12
o " X )/ Kyc 7 X 7 + 2K)/U + " " ( )
f; X h fUru h h2 foM
My=La (= 5 o (B Sy 13
=, (i 2)+4K% 2 )" T Tk, (13)
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By substituting the height of the compression zone into Egs. (12) and (13), the ultimate bending
moment per unit width can be obtained as:

M, 1341kN-m
m,=—=————

7 =~ 0.945m = 14.24kN - m/m (14)

Under normal circumstances, failure mode I plays a controlling role in one-way slabs. However,
according to failure mode I, the theoretical ultimate flexural capacity of the 1/2 specimen is 21.46
kN - m, which is far from the experimental results (F, = 74.8 kN and F, = 63.7 kN), with a mean
value of 69.25 kN, a difference of 69%. The experimental failure mode is similar to failure mode III,
and the theoretical calculated value is 71.2 kN, with a difference of 2.7% from the experimental mean
value. It can be seen that UHPFRC slabs should be designed considering the two-way slab failure
mode. Moreover, the derived theoretical formula can well simulate the ultimate flexural capacity of
UHPFRC slabs.

4 Parameters Comparison and Analysis
4.1 Impact Parameters

Considering the main factors affecting the bearing capacity of slabs, there are many factors
influencing the structural behavior of reinforced UHPFRC slabs. The selected analysis parameters are:
boundary conditions, reinforcement ratio (p), thickness (h), and long—short side ratio ()\). Based on
the mechanical properties test specimen, two pairs of simply supported edges are selected as boundary
conditions. According to the minimum reinforcement ratio [35], 0% to 1.0% is selected for p and
increased in steps of 0.2%. The h range is 10 to 100 mm, increasing in steps of 10 mm [36,37]. The
calculation parameters for A are 1.0 to 5.0, increasing in steps of 0.5.

Taking the size of the U-beam as a reference, a single-factor analysis of the bearing capacity
influence parameters of UHPFRC slabs is conducted, in which a concentrated load acting on the
central point to simulate the most unfavorable condition for the bending member. Twenty-five FEMs
are established to determine the bearing capacity factors. All calculation models are shown in Table 3.

Table 3: Parameters of the structural model

Reinforcement ratios

Model no. ® ® ® ® ® ®
p (%) 0.0 0.2 0.4 0.6 0.8 1.0
Invariant Width: 942 mm; Length: 2500 mm; h: 50 mm
Thickness

Model no. O o 6 ®© 6 6 O O,
h (mm) 10 20 30 40 50 60 70 80 90 100
Invariant Width: 942 mm; Length: 2500 mm; p: 0.0%

Edge length ratios
Model no. © @ 606 O 6 ©® O ®
Long and short sides ratio 1.0 1.5 2.0 25 3.0 35 40 45 5.0
Width (mm) 2500 1667 1250 1000 833 714 625 556 500
Invariant Length: 2500 mm; p: 0.0%; h: 50 mm
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Under concentrated load, the theoretical value Py, of the slab flexural bearing capacity corre-

sponding to each failure mode is calculated and compared with the ultimate bearing capacity Py,
calculated by numerical simulation.

4.2 Contrastive Analysis

The bearing capacity difference of slabs with different parameters and the variation curves
calculated by FEM and the theoretical model are shown in Figs. 9a—c and 10a—c.

B \
—e— UHPFRC //‘ 60 & \\
- e w —e— UHPFRC \ B
. — z —— (60 \ ——C60
z ] z \
3 / g g s N
Z 20 2 30 ~
° - > A
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E : 2 —~——
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0 10 1 i e =
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0
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Reinforcement ratio (%) Thickness (mm) Long short side ratio

Figure 9: FEM bearing capacity curves with different parameters: (a) Reinforcement ratios; (b)
Thickness; (¢) Edge length ratios

ity difference of

UHPFRC (kN

Figure 10: Absolute difference value distribution of bearing capacity with different parameters: (a)
Reinforcement ratios; (b) Thickness; (¢) Edge length ratios

Figs. 9a and 10a show that the longitudinal reinforcement ratio has almost no effect on the
division of UHPFRC a one-way and two-way slabs. The major failure pattern is the two-way slab.
With increasing p, the ultimate bearing capacity of the UHPFRC slab is greater than that of C60,
both increasing linearly. The difference is relatively uniform, at approximately 12 kIN. The failure mode
of C60 with p less than 0.6% is the one-way failure mode I, while UHPFRC is calculated according
to a two-way slab. Additionally, according to the minimum reinforcement ratio [36,37], 0.6% can be
assigned as the minimum for UHPFRC two-way slabs.

Figs. 9b and 10b show that the thinner the plate, the more obvious the two-way slab effect is. The
absolute difference of each failure mode increases, from 0.4 kN to 27 kN. The ultimate bearing capacity
of UHPFRC is greater than that of C60. When the UHPFRC thickness is greater than 70 mm and the

C60 is greater than 40 mm, they are mainly one-way failure mode I. In other cases, they are mainly
manifested in the two-way failure mode III.
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Figs. 9c and 10c show that the ultimate bearing capacity of both types of slabs gradually decreases,
and the difference gradually decreases from 32.3 to 6.5 kN with increasing \. The ultimate bearing
capacity of the UHPFRC slab is greater than that of C60. The long-short side ratio has the most
significant influence on the division of one-way and two-way slabs. The smaller the ratio of long and
short sides, the more obvious the two-way slab effect is.

4.3 Strain Analysis

To further study the strain variation law of the UHPFRC slab, combined with the analysis of the
effect of different parameters, long—short side ratios of 1.0 to 3.5 and thicknesses of 30 to 70 mm are
selected for analysis. In Fig. 11, all strain measurement points are at the center of the slab bottom
element. The horizontal axis represents the ratio of the distance between each measurement point and
the center point of the numerical model to half of the transverse and longitudinal length, the smaller
the ratio, the closer it is to the center point. Figs. 12 and 13 show the bottom strain variation law under
various parameters along the direction of the long and short edge centerlines, respectively.

A
Longitudinal

Measuring point range i | Transvers

Figure 11: Strain range and direction of the bottom side

18 30
16
——1 -=15 2 25~ —e— 30mm —M—40mm
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Distance to center ratio Distance to center ratio

(a) (b)

Figure 12: Strain curves along the longitudinal direction: (a) Ratio of short and long sides varies; and
(b) Thickness varies

(1) Longitudinal strains

Fig. 12a shows that the distribution range of cracks begins to develop along the entire longitudinal
direction with increasing long-short side ratio, first increasing and then decreasing. The maximum
strain value appears in the center range, and strains gradually decrease from the center to the edge
until the strain curve is almost horizontal. The strain curves with long-short side ratios of 1.0 and 1.5
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decrease sharply from the center point to the ranges of 0.18 (225 mm) and 0.3 (250 mm), respectively,
while the decline of other strain curves is gentle. When the strain value exceeds the ultimate tensile
strain value (5%0) of UHPFRC, cracks occur. For long-short side ratios take 1.0, 1.5, 2.0, 2.5, 3.0 and
3.5, the distribution ranges at 325, 333,450, 500, 417 and 357 mm, respectively, are all greater than
5%o. When the long-short side ratio is 2.5, the range of cracks is the widest.

Fig. 12b shows that the strain variation trend in the longitudinal direction for different thicknesses
is the same, and the maximum strain value of each curve appears at the center. The thicker the slab,
the greater the strain value at the same position, and the strain slowly decreases from the center to the
edge. As the distance to the center ratio increases, the strain curve is almost flat. When the thickness
is greater than 50 mm, the strain values are greater than the ultimate tensile strain values (5%o), the
strain distribution range is 471 mm, and cracks begin to develop along the entire longitudinal direction.
Strain values at a thickness of 70 mm are significantly greater than those of other thicknesses. As the
thickness increases, the distribution range of cracks becomes more uniform.

(2) Transverse strains

Fig. 13 shows that the maximum strain value appears at the slab loading center and then decreases
rapidly, lattening out afterward. The transverse strain curves change significantly at center ratios
of 0.18 and 0.14, respectively, after which they almost coincide, and the strain values hover at
approximately 2%o, but they are always less than the longitudinal strain. Additionally, the strain peak
with a thickness of 70 mm is the largest, and the growth is the most significant. The influence of the
long-short side ratio and thickness change on the distribution of transverse cracks is smaller than
that along the longitudinal direction. The crack distribution gradually concentrates toward the center,
accounting for approximately 2/5 of the transverse side. The change in thickness has little effect on the
distribution range of cracks at the slab bottom along the transverse direction.

40
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Figure 13: Strain curves along the transverse direction: (a) Ratio of short and long sides varies; and (b)
Thickness varies

5 Conclusion

UHPFRC, especially components made of UHPFRC, not only solves the inherent limitations of
traditional concrete but also pushes UHPFRC into a new field of durability and strength. Based on
this, the research conclusions of this article are as follows:
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(1) A universal expression for the flexural bearing capacity of UHPFRC plates with universal
physical significance has been established. The characteristic value of bearing capacity can be
directly obtained by the critical value of bending moment per unit width. A unified mechanical
model for the bearing capacity of UHPFRC thin decks in three failure modes (I, II, III) has
been established. Failure mode I is one-way slab failure, and modes II and III are two-way slab
failure.

(2) According to the displacement and cracking states of the U-bridge deck, the bearing capacity
and strains of the entire process can be extracted from the nonlinear FEM representing
UHPFRC thin slabs. The main material characteristic parameters in FEM are also given.
Based on the nonlinear model, UHPFRC slabs have better bending resistance than C60 due to
the addition of steel fibers and the interaction between UHPFRC and reinforcements, which
effectively restricts crack development and significantly improves the flexural capacity, overall
stiffness, and deformation capacity of UHPFRC slabs.

(3) The division principles for UHPFRC one-way and two-way slabs were obtained. The failure
of UHPFRC slabs is mainly manifested in failure mode IIIb of two-way slabs. The long-short
side ratio has the greatest influence on the division of UHPFRC one-way and two-way slabs,
followed by thickness, and then reinforcement ratio. It is suggested that when the long-short
side ratio is less than or equal to 3.5, UHPFRC slabs should be calculated as two-way slabs;
when the ratio is greater than 3.5, they should be calculated as one-way slabs. The thicker the
slab, the more obvious the one-way slab effect, and the thinner the two-way slab effect. When
the thickness is less than 70 mm, the UHPFRC slab should be calculated as a two-way slab. It
is suggested to take 0.5% as the minimum reinforcement ratio of UHPFRC two-way slabs.

(4) The strains of UHPFRC slabs change significantly along the longitudinal direction and are
always greater than those along the transverse direction, indicating longitudinal bending
failure. In addition to the rapid growth of strain at the central slab point, the variation
range along the longitudinal direction is much larger than that along the transverse direction.
The strains change more intensely with different long-short side ratios than with various
thicknesses, mainly along the longitudinal direction.
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