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Vibration transmission across advanced timber connections:
measurement results.
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Industrialized timber building systems that combine glulam frames with traditional timber joist floor or
hollow box floor elements are becoming increasingly common. While data for typical CLT and light frame
junctions exists, limited information is available for structures involving more advanced timber
connections.

We investigated vibration transmission from floor to floor in a mock-up of a building system based on
moment resisting connection between columns and floors. The connection was realised using metal
brackets mounted to the floors or to the columns with long threaded rods and a bolted connection between
the respective backets. We performed extensive laboratory measurements based on ISO 10848. Three
transmission paths between floor elements in different configurations were examined. The results reveal
strong path and frequency dependent differences in velocity level difference D, ;. Paths involving direct
transmission between floor elements showed the lowest Dy values, roughly between 10 and 20 dB in the
middle frequency range. Paths involving vibration transmission only via the column and including two
brackets exhibited the highest Dy, exceeding 30 dB for the middle frequency range. Paths involving
diagonal transmission showed pronounced sensitivity to excitation direction, likely influenced by local
impedance variations.

The dataset provides valuable new information on complex timber joints and supports both the practical
design of timber buildings and the further development and applicability of ISO 12354 calculation models.
The work supports the need for systematic measurements of advanced connections in modern timber
structures.

1 Introduction

Industrialized solution for timber buildings based on glulam frames and ribbed or hollow-box floor structures are
becoming increasingly popular, since they can be competitive solutions in terms of environmental impact and
performance. Building owners and architects ask for visible timber because of its aesthetic and influence on the well-
being to the building's users. While solutions to control direct sound transmission are well documented, see e.g. [1], little
data is available related to flanking sound transmission. Data describing the velocity level difference, Dy, across typical
CLT connections, e.g. [2], and timber frame, e.g., [3] are increasingly available (see chapter 2), however there is still
little published Dy data for transmission accross complex connections, as e.g., slotted-in plates between large glulam
members or connectors mounted with threaded rods.

Within the framework of the WOODSOL project, we could measure D, across a connection based on metal connector
and threaded rods, see Figure 1. We performed D, ; measurements based on the ISO10848 [4]. In this paper, we describe
the measurement setup and present the experimental results. The aim of the paper is to share the measured data and
contribute to developing a larger base of data that can be used both by practitioners in design task and by researcher to
further develop the knowledge and the solutions. The need for more data is also explicitly mentioned in ISO12354 [5].



The paper is structured as follow: in section 2, we briefly list several relevant references for this work. In section 3, we
describe the measurement object and the measurement procedure. In section 4, we present the measurement results and
in section 5 the discussion and in section 6 the conclusions.
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Figure 1. Woodsol connection, from [6]. a) Schematic of the connection, b) picture of the connection installed on the
investigated mock-up.

2 Literature

The ISO10848 [4] standard provides the framework for the measurement and application of Dy . Appendix E in the
standard provides rather detailed information on common connections, including both heavy- and lightweight
constructions, however it does not include timber frames with large members.

Several papers treat the topic of vibration transmission across connection covering following cases: connections between
CLT plates e.g. [2, 7-9], connections in light timber frame, e.g. [10] and connections between heavy plates [11]. Earlier
papers discuss the underlying theory and limitations, e.g. [12, 13]. ISO12354 cites following relevant papers: [14—17].
[18, 19] present measurement results for fagade T connections. [20] addresses the noise propagation through wooden post
but does not present velocity level difference values. No papers were found analyzing a situation comparable with the
measurement object described herein. Horizontal velocity level differences from post and beam structures, which would
have been very interesting to compare with, is — to our current knowledge - unluckily neither available.

3  Test object and experimental methods

The test object was the mock-up of the WOODSOL timber building system, see Figure 1. The floor elements are timber
hollow boxes partially filled with gravel with total mass per unit area 220 kg/m?, [21]. The floor elements are mounted to
the columns by means of a metal connector installed on the floor and on the column with long threaded rows. The
assembly gives a connection which aims at being moment resisting and present a high rotational stiffness of Ko ~ 10
MNm/rad, [22].

Figure 2 shows a diagram of the measurement situation: three floor elements were installed on 8 columns in an L
configuration. The setup allows for investigation of the vibration transmission across three paths:
- path Fpl describes the direct side to side transmission between two floor elements. It is only active if the
filling element is in place (detail D2),
- path Fp2 describes the transmission between two floor elements through one shared metal bracket,
- path Fp3 describes the transmission between two floor elements through the bracket supporting the first floor,
e.g. L1, a column and the bracket supporting the second floor, e.g. S1, on the other side of the column.
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Figuré 1. a) INlustrative picture of the mock-up used for the measurements, b) side view of the mock-up; we see two
floor elements and the columns with the connector.
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Figure 2. Diagram of the measurement situation with the vibration transmission paths Fpl — Fp3. The detail shows the
investigated elements joint alternatives (D1 or D2).

The floor elements might be considered as Type B element according to ISO12354: they are highly dampened, with a
reverberation time which is independent of the connected elements above 125 Hz. The reverberation time of the element
is documented in [23].

The experimental setup followed the indications provided by the standards ISO10848 and ISO12354, Appendix E. We
performed the measurements using two types of continuous excitation over a time of 20 s to 30 s: 1) ISO standard tapping
machine for excitation of the floor elements from the top side, and 2) shaker for excitation of the floor elements from the
top and bottom side. For the excitation on top, we compared the velocity level differences as generated by the tapping
machine and the shaker for one situation and found that they were comparable. For practical reason we proceed with
tapping machine excitation on top and shaker excitation from the bottom. The excitation surface and corresponding
measurement surface are highlighted for each specific case in the respective sections. For each situation we averaged four
source position and 9 accelerometer positions for a total of 36 measurements. The accelerometer positions were distributed
uniformly over the whole area of the floor elements, both on the beams and in between. We did not measure the vibration
velocity at the same surface as the excitation. We considered as source element the surface opposite to the excitation
position in the attempt to maximize the reverberant part of the vibration field and reduce the forced contribution. The
presented D, jj values are calculated as differences between the respectively indicated source and receiving element.



4 Results

4.1 Vibration transmission along path FP1 and Fp2

Vibration transmission along path Fpl and Fp2 are in practice always present in parallel. Fp2 can exist alone when Fp1
is effectively shut down by disconnecting the top and bottom plates of the two floor elements as with detail D1.

In Figure 4, we present the measurement results collected measuring D, jj between element L1 and L2 with following
configurations; configuration 1 with vibration transmission only via Fp2, measured with detail D1 between the two floor
elements; configuration 2 with vibration transmission via Fp2 and Fpl, measured with detail D2 between the two floor
elements. The situations considered are illustrated by the respective schematics in the figure. The blue arrow indicates the
excitation position. The element colored in red was considered as the source and the element in blue as the receiver. The
indicated velocity level difference is the difference between the source element and the receiver element. The diagrams
show the arithmetic average of D, calculated for each source position and the corresponding standard deviation. We
measured in both directions (from L1 to L2 and from L2 to L1) and observed no noteworthy differences between the two
directions. This is as expected since the two floor elements are identical. For the sake of clarity, we present the results for
only one direction, the one specified in the schematics, and not direction averaged.
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Configuration 1: detail D1 between floor elements. Vibration transmission only via Fp2.
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Configuration 2: detail D2 between floor elements. Vibration transmission via Fp1 and Fp2.
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Figure 4. Measurement results for the vibration transmission along Fp1 and Fp2.

The velocity level difference measured with configuration 1 is rather similar for situation A and B: it is below 10 dB up
to 63 Hz. From 63 Hz, it increases rapidly to a level around 25 dB that remains constant from 100 Hz to 5000 Hz. The
trend is clearly different for situation C and D where we see a dependency on the excitation surface (bottom one, loaded
with gravel or upper one, undampened). In situation C we see a broad peak around 160 Hz with an amplitude up to 40



dB. This corresponds approximately to a dip in situation D, where Dy j drops from over 20 dB at 63 Hz to less than 5 dB
at 200 Hz.

The velocity level difference measured with configuration 2 is overall 10 to 15 dB lower compared to configuration 1.
The difference is clearly due to the additional transmission path Fpl. Fpl is a linear connection and appears to dominate
the transmission when combined to Fp2. The strong frequency dependency observed for situation A and B in
configuration 1 is not seen in configuration 2. Surprisingly, the shape of the frequency dependency observed for situation
C and D is rather similar in configuration 1 and 2, although the features are not as pronounced.

4.2 Vibration transmission along path Fp3

The measurement results for the vibration transmission between element L1 and S1 along path Fp3 are presented in Figure
5. The situations considered are shown by the respective schematics. The blue arrow indicates the excitation position.
The element colored in red was considered as the source and the element in blue as the receiver. The indicated velocity
level difference is the difference between the source element and the receiver element. The diagrams show the arithmetic
average of D, calculated for each source position and the corresponding standard deviation. In this case the length of
elements is different (L1: 4,7 m, S1: 3,7 m). We therefore present the results for the two directions (ij and ji) separately
in each diagram.
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Figure 5. Measurement results for the vibration transmission along Fp3.



The results for the vibration transmission top to top (Figure 5a) and bottom to bottom (Figure 5b) follow a similar trend
as we observed in Figure 4: low D, ;j below 63 Hz, steep increase and then rather constant level above 125 Hz. Though,
D,,; measured for Fp3 is approximately 10 dB higher compared to Fp2, presumably due to the extra losses in the
transmission from the first bracket to the second bracket through the column. D, jj involving diagonal transmission (top
to bottom, bottom to top) seems to be extremely dependent on the excitation direction, as we saw in the Fp2 case. We
observe here partially the same features as in the Fp2 case, when the excitation is applied on the top plate of either floor
element.

5 Conclusion

We measured the vibration velocity level difference between two hollow-box timber floors mounted side by side on
timber columns. Heavy metal brackets were used to connect the floors to the columns. On the floor and on the column, a
bracket was mounted to the timber by means of threaded rods. The floor-side and the column-side brackets were fastened
together with bolts achieving a moment resisting connections. We investigated three transmission paths: the transmission
between floor elements sharing one bracket on the same face of the column, with two different connecting details between
the two floors, and the transmission between floor elements installed on opposite faces of the columns. The lowest D,
(Dv;~ 15 dB at mid frequencies) was measured between two floors installed on the same face of the column and directly
connected by a filling element on the top of bottom plate. Removing the filling element increased the D,j at mid
frequencies to between 25 and 30 dB. The D, between floor elements installed on opposite faces of the column was
highest, approximately 40 dB. The values are strongly frequency dependent and vary considerably depending on the
investigated source and receiver surfaces. The strong differences arise the question of which situation is the most relevant
to consider when using the data in a prediction model. It would be interesting to compare results from calculations based
on this dataset with results from sound insulation measurement.
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