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Abstract. Due to the increasing complexity of building functions and diversity
of shapes, structures are becoming more and more complex. This article will use
on-site testing methods to verify whether the urban building floor meets the as-
sumption of a rigid floor. Firstly, a mathematical relationship formula is estab-
lished to validate the rigid floor assumption, and multiple measurement points in
the X and Y directions of the same test floor are measured using sensors at me-
dium and small speeds respectively, and the obtained data is inputted into the
mathematical relationship formula to verify the rigid floor assumption. The re-
sults show that under natural excitation, this test floor meets the assumption of a
rigid floor and there is no continuous non-rigid movement. The relative error
measured at a small speed is better than that measured at a medium speed, and it
is more suitable for measuring the floor velocity.

Keywords: On-site testing methods; mathematical relationship; rigid floor as-
sumption.

1 Introduction

In order to meet the needs of engineering design, designers are looking for reasonable
methods to assume the stiffness of floors [1]. In order to simplify calculations, the floor
is usually assumed to be a rigid floor in the analysis and design of building structures,
and on this basis, the stiffness center of the floor is determined to determine the struc-
tural stress under lateral loads (such as wind loads and earthquake effects).

The assumption of a rigid floor assumes that the rigidity of the floor in the plane is
infinitely large. This means that the distance between any two points in the horizontal
plane of the floor does not change during the process of loading and deformation [2].

Assuming a rigid floor makes it possible to express the displacement of all positions
on the floor in its centroid plane [3]. This method significantly reduces the calculation
degree of freedom of the building structure, improves numerical solving efficiency,
simplifies the calculation method, and in most cases, the deviation between assuming
an infinitely rigid floor and the actual situation is small and acceptable from an engi-
neering perspective.

However, there are also some potential problems in the assumption of rigid floor
slab [4]. Because ignoring the importance of the wing edge of the floor beam on the
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total strength of the components, the total stiffness of the structure is small and the cycle
is easy to lengthen, thus bringing hidden dangers to the building safety [5]. The safety
problem in urban construction is difficult to find through theoretical analysis, but it can
be effectively detected by the field measurement method.

Through the summary of the literature, it is found that there are few studies on the
rigid floor hypothesis in the current literature, and mainly focus on theoretical analysis,
and there is a lack of research on exploring the rigid floor assumption through the field
measurement method [6]. This paper will test the actual floor in the urban building to
make up the relevant literature vacancy.

2 Theoretical Analysis

The actual floor of urban buildings will be verified by the basic concept of rigid floor
assumption [7]. During the motion of the floor, there can be both translational and ro-
tational movements, and the actual rigid body displacement is the composition of the
translational displacement and rotational displacement. To analyze the floor, we can
start from any point on the floor that is not the center of rotation and first analyze its
rotational motion [8].

As shown in Figure 1, the coordinates of point A (x4, y4)and O (Xq, Vo), the distance
between point O and point A is p, and the Angle between line segment OA and the X-
axis is o. If point A rotates from point O at A small Angle 0 to point A’, the vertical
line from point A" to line segment OA intersects OA at pointA’, because Angle 0 is a
small Angle, Then the displacement of point A in the Y-axis direction can be replaced
by Y, [9].

Fig. 1. Rotation diagram of any point A on the floor.

p=/xA-xo)2+ch-yO)2 )

Arc AA=p#0, line segment A'A"=ptan8. Since 0 is a small Angle,p8=p tan 6, the
arc AA'can be approximated by the line segmentA'A”.

COS 0= % 2)
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Because 0 is a small Angle,
Y 4=p0 cos a=0(x-Xq) 3)
Xa=pOsina=6(y,-y,) 4)

The total displacement of a point on the floor in the Y-axis direction is AY, the dis-
placement generated by rotation in the Y axis direction is Ay, and the displacement
generated by translation in the Y axis direction is Ay,.

Ay=p8 cos o =0(x-x,) (5)
AY=Ay+Ay,) 6)

Take the time derivative of the above formula,
Vy=vy o, =W(X-Xo) +Voy (7)

Vy is the total instantaneous velocity of a point on the floor in the Y-axis direction;

vy is the instantaneous velocity of rotation in the Y-axis direction; vy, is the instan-
taneous velocity of translation in the Y-axis direction; w is the instantaneous angular
velocity during rotation [10].

By the same token, the total instantaneous velocity in the X-axis is Vy,

VX:VX+V0X:W (y'yO ) +V0X (8)

The four corner points on the edge of the rectangular floor are taken as points 1, 2,
3 and 4, and their coordinates are respectively points 1(Xq,¥1), 2(X2,¥2), 3(X3,y¥3)and
4(X4,¥4), as shown in Figure 2.

Y-axis
L’ l
XK-axis

Fig. 2. Diagram of the first method.

[~

O point as the center of rotation and the position of the unknown of the floor slab,
according to the above formula can get on the floor of the four corner respectively on
the X axis and Y axis of the instantaneous velocity Viy, Vay, Vay, Vay, Vix, Vox, Vax, Vax.

Vly:W(Xl 'XO)+VOy (9)
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Vo =W(X2-X0) TVoy (10)
V3, =w(x3-X0)+Voy) (11)
V4 =W(X4-X0) TVoy (12)
le:W(yl'yo)+V0x (13)
Vo =w(¥,Yo ) TVox (14)
V3x:W(Y3 'yo)+VOx (15)
Va=w(¥,Yo) T Vox (16)

Because  Xq = X4, X3 =X, Y1 = Y2, ¥4 =Yz 80 Vig = Vo, Vo = Vi V1y =
Viy, Voy = V3y.

According to the above formula can be simply measured four floor slab edge Angle
points in X axis and Y axis at the same time the instantaneous velocity of
Viy, Vay, Vay, Vay, Viy, Vox, Vay, Vay - and - compare, if Vi, = Vo, Vo =V, Vi =
Vay, Voy = V3 it can be concluded that X; = X4,X3 = X5,¥1 = Y2, Y4 = y3.these for-
mulas show floor in the process of translation and rotation of the tiny movement did
not happen any relative displacement, so to prove that the rigid floor 4 floor is not
happen any deformation [11].

3 Test Scheme

During the actual testing, the 941B type ultra-low frequency accelerometer was used,
which has the following characteristics: micro toggle switch, capable of directly meas-
uring acceleration or velocity response, high resolution, easy to operate, and can be
connected to a dynamic data collector through a data cable [12]. The pick-up sensor has
four gear positions, with large, medium, small velocity and acceleration gears.

Table 1 lists the main technical specifications of the speed gear of the horizontal
vibration pickup used in the test:

Table 1. B Speed profile technical specifications of the vibration pickup.

Technical index Small speed Medium speed High speed
sensitivity (v*s/m) 23 2.4 0.8
Maximum range (m/s) 0.125 0.3 0.6
Resolution (m/s) 4x10-8 4x10-7 1.6x10-6

Due to the small sensitivity of large speed, the test results may not be accurate, so
this study only carried out the measurement of medium speed and small speed [13].

The object measured in this paper is the conference room of the School of Civil
Engineering and Architecture of our school, as shown in Figure 3.
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Fig. 3. Field diagram of the floor measured.

Install speed sensors around the test floor. Figure 4 shows the sensor positions.
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Fig. 4. Layout of speed sensors.

4 Verification of Rigid Floor Assumptions

Verify that Vi, = Vo, V3 = Vi, Viy = Vuy, Vo = V3, you can only compare the x di-
rection formula, that is V;, = V,4, V34 = V4, you can prove that the floor does rigid
movement.In order to verify whether the above formula is correct, the small velocity in
X direction and the instantaneous velocity at the same time of the medium velocity in
the experimental data are compared [14].

4.1 Working Condition 1 Verification of V1X=V2X

4.1.1. Medium Speed Gear Measurement

To verify that V;, =V,,, first use the direct method, that is, verify that
Vix/Vax=1.The relative error is obtained by comparing the value of V,,/V,, obtained
after processing with 1 [15]. Select the first 7000 data points and explore the relative
error of each point of the first 7000 data points [16]. If the data point exceeds the 95%
confidence range of the normal distribution, it is considered to be an anomaly.
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Fig. 5. Relative errors of V;y and V,, at dense access points (medium speed).

As shown in Figure 5, a large number of anomalies are found. At this time, 20 points
near the anomalies are investigated, and it is found that the anomalies all belong to one

point and belong to noise interference, rather than the non-rigid movement of the floor
[17].

4.1.2 Small Speed Gear Measurement
Select the first 7000 data points and explore the relative error of each point of the

first 7000 data points. If the data point exceeds the 95% confidence range of the normal
distribution, it is considered to be an anomaly.
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Fig. 6. Relative error of V;y and V,, at dense access points (small speed).
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As shown in Figure 6, it is found that 473, 4293, 4781, 5332 and 5574 are abnormal
points, and the relative errors are 632500%, 35920%, 33540%, 76310% and 55740%
respectively. The abnormal points belong to a point, and it is inferred that the floor is
affected by noise interference, and it is not a non-rigid movement of the floor.

4.1.3 Comparison Between Medium Speed Gear and Small Speed Gear
If the slope is used to calculate the relative error, that is, the slope method, check the
2v3—X1v3 / X2va—X1va
X2—X1 X2=X1
were compared by direct method and slope method respectively [18].

formula = =1.The mean relative error and outlier rate of each group

Table 2. Comparison of medium speed and small speed (direct method).

method Mean relative error(%) Outlier rate(%)
Medium speed 11.24 14.42
Direct method
Small speed 11.69 14.22

As shown in Table 2, comparing the data of medium speed and small speed measured
by the direct method, it can be seen that the mean relative error of medium speed is
slightly smaller than that of small speed, and the anomaly rate is 0.20% higher.

Table 3. Comparison of medium speed and small speed (slope method).

method Mean relative error(%)  Outlier rate(%)
Medium speed 10.50 14.64
Slope method
Small speed 10.82 14.03

As shown in Table 3, the data measured by the slope method at medium speed and
small speed are compared. The mean relative error of medium speed is not much dif-
ferent from that of small speed, and the speed with small anomaly rate is 0.61% higher
[19].

Comparing the data obtained by the direct method and the slope method, it can be
seen that the mean relative error of the slope method is smaller, while the direct outlier
rate method and the slope method have little difference.

4.2  Working Condition 2 Verification of V3X=V4X

4.2.1 Medium Speed Gear Measurement

Select the first 7000 data points, explore the relative error of each point of the first
7000 data points, and data points that exceed the 95% confidence range of the normal
distribution are considered as abnormal points.

As shown in Figure 7, 2067, 2339, 3904, 5208, 6139, and 6180 are found to be
anomalies, and the phase alignment errors are 12110%, 8524%, 307600%, 8026%,
7751%, and 12720%, respectively [20]. The abnormal points all belong to one point,
and the floor is not in non-rigid movement.
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Fig. 7. Vs, and V,, relative errors at dense access points (medium speed).

4.2.2 Small Speed Gear Measurement
Imported Vs, and V,, data at small speed into Matlab, selected the first 7000 data
points, explored the relative error of each point of the first 7000 data points, and data

points exceeding the 95% confidence range of normal distribution were considered as
abnormal points [21].
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Fig. 8. V3, and V,, relative errors at dense access points (small speed).
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As shown in Figure 8, 2633, 4726 and 5374 are abnormal points, and the relative
errors are 88460%, 112700% and 3619000% respectively. After probing the abnormal
points, it is found that they all belong to one point and belong to noise interference,
rather than non-rigid movement of the floor.

4.2.3 Comparison Between Medium Speed Gear and Small Speed Gear
The relative errors at medium speed and small speed are compared respectively.

Table 4. Comparison of medium speed and small speed (direct method).

method Mean relative error(%) Outlier rate(%)
Medium speed . 6.90 14.82
Direct method
Small speed frectmetho 5.05 14.67

It can be seen from Table 4 that the mean relative error of small speed is smaller,
and the anomaly rate is 0.15% smaller than that of medium speed.

Table 5. Comparison of medium speed and small speed (slope method).

method Mean relative error(%) Outlier rate(%)
Medium speed 6.33 15.38
S1 thod
Small speed ope metho 4.54 14.70

As shown in Table 5, comparing the data of medium speed and small speed measured
by slope method, it can be seen that the mean relative error of small speed is better than
that of medium speed, and the anomaly rate is 0.68% lower.

Comparing the data obtained by the direct method and the slope method, it can be
seen that compared with the direct method, the average relative error of each group
using the slope method is smaller.

5 Conclusions

1) In engineering terms, the test floor selected in this article can meet the assumption
of rigid motion in 85% of cases under natural excitations.

2) The relative error of measuring a rigid floor using small speed is better than me-
dium speed. Small speed has a better signal-to-noise ratio and is more suitable for meas-
uring floor velocity.

3) By exploring the abnormal points, it was found that there was no continuous non-
rigid motion in the test floor during this test.

4) The data processing method of slope can eliminate the accumulation error of noise
and reflect the rigid motion of the floor more accurately.

5) In the test part of this paper, the placement of sensors in X and Y directions can
not ensure that the direction is completely correct. And there will be angle deviation,
which leads to the error of data.

6) This paper only analyzes a piece of building floor panels, without deeply consid-
ering the analysis results of different types of floor panels, so a more complete test
scheme should be developed for further analysis.
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