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The growing application of timber and bamboo in construction applications makes it im-
portant to investigate their acoustic properties. This study conducted a comparative experimental
investigation of the airborne sound insulation performance of Cross-Laminated Timber (CLT) and
a novel composite, Cross-Laminated Bamboo and Timber (CLBT), wall panels. A total of 10 full-
scale wall specimens, including basic designs and upgrades with lining systems, were tested in ac-
cordance with ISO 140-3. The results demonstrate that structural optimization using multi-layer
linings is effective for sound insulation performance for both CLT and CLBT walls. The optimal CLT
wall achieved an Rw of 47 dB with consistent spectrum-adjusted values, meeting high acoustic
standards. The optimized CLBT wall reached an Rw of 45 dB, which can meet the acoustic require-
ments of most conventional buildings, but its low-frequency sound insulation performance is insuffi-
cient (Rw+Ctr=39 dB). This study demonstrates that using a multi-layer composite structure, inte-
grating porous materials, high-density reflective layers, and elastic flanking transmission control
elements, is key to achieving good sound insulation performance across the full frequency range.
Furthermore, CLBT walls can achieve comparable sound insulation performance to CLT walls with
proper design, meeting the acoustic requirements for many conventional buildings.

Keywords: wall panels, Cross-Laminated Timber panels, Cross-Laminated Bamboo and Timber
panels, sound insulation, acoustic properties, sound insulation index.
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Bo3pacmatowee npumeHeHue dpesecuHsl U bambyKa 8 cmpoumesibCmae 8bi3bisaem Heob-
X00UMOCMb 8 U3yYeHUU UX aKycmu4eckux ceolicme. B pamKax uccnedosaHuUs nposedeHs! cpas-
HUMeslbHble UCMbIMAHUA 38YKOU30AAYUOHHbIX C80UCME MHO20C/0UHbIX KneeHbix 0epe8aHHbIX na-
Heneli (CLT) u HO8020 KOMNO3UMHO20 MAMeEPUAAad — MHO20C/0UHbIX KeeHblX CmeHo8bIX naHesnel
u3 bambyka u opesecursl (CLBT). B coomeemcmeuu co cmaHdapmom ISO 140-3 npomecmupo8aHo
8 obweli cnoxcHocmu 10 0bpa3y08 cmeH 8 HAMYpPAAbHYO 8eAUYUHY, 8KAOYaA 6a308ble KOH-
CMpPYKUUU U ycosepuieHCmB0o8aHHbIE CA0UCMbIE KOHCMPYKUUU naHesnel. Pe3ysnbmamel noKa3ol-
8410M, YMO KOHCMPYKUUU C UCMOMAb308AHUEM MHO20CA0UHbIX cucmem 3¢hgheKkmusHbl 015 obecne-
YeHusA 38yKou3oaayuu Kak cmeH u3 CLT naHenel, mak u u3 CLBT naHenel. CmeHa u3 CLT naHenel
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obecneyusaem Rw Ha yposHe 47 0b ¢ NOCMOAHHbIMU 3HAYEHUAMU, CKOPPEKMUPOBAHHbIMU 10
Crnekmpy, Ymo coomgeemcmeayem B8bICOKUM aKycmu4eckum mpebosaHuamM. KOHCMpyKyusa cmeHsl
u3 CLBT naHeneli docmuena 3Ha4yeHus Rw 8 45 06, ymo coomeemcmayem aKycmu4eckum mpebo-
8aHUAM 60abWUHCMEBA 30aHUL, HO XaPAKMePUCMUKU HU3KOYacmomHoU 38yKou30aA84uu onbim-
Hbix 0b6pa3yos HedocmamoyHsl (Rw+Ctr=39 06). 3mo uccaedosaHue demMoHcmpupyem, Ymo uc-
M0/16308aHUE MHO20CA0UHOU KOMMO3UMHOU CmMpyKmypsbl, 8KAUYarowel nopucmsie mamepuanis,
ompax<aroujue ca0uU 8bICOKOU MA0OMHOCMU U 3A1acmu4YHble 6OKo8ble 31eMeHMbl, 8ausu,ue Ha
38yKonepeoda4vy, ABAANMCA KAYOM K OOCMUNCEHUIO XOPOWUX 38YKOU3OAAYUOHHbLIX XapaKkmepu-
cmuk 80 ecem duanasoHe Yacmom. Kpome mozo, cmeHol uz CLBT naHenel npu npasussHOM MpoekK-
muposaHuu mo2ym obecne4ums 38yKou307AYUI, CPABHUMYIO cO cmeHamu u3 CLT naHenel u coom-
8emcmaeosams akycmu4yeckum mpebo8aHUAM, MPedbABAAEeMbIM K PA3AUYHbIM 30aAHUAM.

Knroueeble cnoea: cmeHo8as naHesb, MHO20CAO0UHbIe KrneeHble 0epessaHHble naHenu, MHO-
20csoliHble KneeHble naHenu u3 bambyka u opesecuHsl, 38YKOBAA U30AAUUA, aKycmuvecKue ceoli-
cmea, UHOEeKC 38yKOU30aaYuU.

1. Introduction

Noise pollution has emerged as a major environmental concern in modern society, with
well-documented adverse effects on human health and well-being (Basner et al. 2014; Goines and
Hagler 2007; Miedema and Oudshoorn 2001; Muzet 2007; S@rensen et al. 2012; Stansfeld and
Matheson 2003). This has heightened the demand for acoustically comfortable built environments,
where the sound insulation performance of building envelopes plays a critical role. International
building codes, such as the International Building Code (IBC), mandate minimum performance
standards for partitions, requiring for instance an airborne Sound Transmission Class (STC) of 50 dB
for walls separating dwelling units (ICC 2020). To meet these standards, a variety of solutions,
from dense concrete to double-skin partitions, have been employed.

Concurrently, the global emphasis on sustainable development has driven the promotion
of carbon-sequestering biomass materials, such as wood and bamboo, in construction(Churkina et
al. 2020). Among wood-based products, Cross-Laminated Timber (CLT) has gained widespread ap-
plication in structural elements like walls and floors due to its excellent mechanical properties,
sustainability, and prefabrication potential (Brandner et al. 2016). However, in regions like China,
where high-quality timber resources are limited, bamboo presents a strategic alternative. The de-
velopment of engineered bamboo materials, such as glued laminated bamboo (Glubam), has over-
come the limitations of raw bamboo culms, enabling their use in modern structures (Xiao 2022).
Inspired by the success of CLT, a novel composite, Cross-Laminated Bamboo and Timber (CLBT),
has been recently developed to further expand the possibilities of bamboo in engineering (Xiao et
al. 2021).

While preliminary research on the mechanical behavior of CLT and CLBT components, such
as beams and floors, has been conducted, their acoustic performance remains a critical yet less
explored area (Huang et al. 2022; Wen and Xiao 2023). Systematic experimental data on the sound
insulation capacity of wall assemblies, in particular, is relatively scarce. Given their growing struc-
tural application and the stringent acoustic requirements of green buildings, a comparative under-
standing of their airborne sound insulation is imperative. Consequently, this study aims to experi-
mentally investigate and compare the airborne sound insulation performance of CLT and CLBT wall
panels, thereby providing essential data to support their informed application in acoustically sensi-
tive sustainable construction.

2. Test specimens

Two groups of wall specimens, which are cross-laminated timber (CLT) walls and cross-
laminated bamboo—timber (CLBT) walls, were designed in this study to compare their sound insu-
lation performance in terms. Specimen Wall 1 was a 175 mm thick CLT wall composed of five
orthogonal layers of spruce—pine—fir (SPF) planks. Specimen Wall 6 was a 161 mm thick CLBT wall,

240



2026 APXUTEKTYPHO-CTPOUTE/IbHbLIV KOMI/IEKC: MPOB/IEMBI, [TEPCIIEKTUBbI, MHHOBALIMN

comprising two surface layers of thin strip glubam on the top and bottom and three orthogonal
SPF layers in the middle. Based on Wall 1 and Wall 6, Specimens Wall 2-5 and Wall 7-10 were
constructed by adding the following lining systems: stucco, extruded polystyrene (EPS), water
proof paper (WPP), gypsum board, glass wool with timber strapping, and glass wool with resilient
channels. All specimen details are summarized in Table 1. The values of density for all the materials
used in wall specimens are listed in Table 2.

Table 1. — Details of all the specimens of CLT and CLBT walls

Wall 1 Wall 2 Wall 3 Wall 4 Wall 5
Stucco T | Stucco [H Stucco N H Stucco
EPS EPS EPS
E E EPS £ £ H WPP g - wpP
2 CLT : WPP E | WPP__ £ CLT E CLT
= T g § CLT § | Rockwool E | Rockwool
CLT 1 H Gypsum Hl Gypsum
— Gypsum 7 —
v R v I Timber Strip 4 L Resillient Channel
— — — Pa—
175 mm 236.3 mm 252.5 mm 295,5 mm 295,5 mm
Stucco 0 21 mm 21 mm 21 mm 21 mm
EPS 0 40 mm 40 mm 40 mm 40 mm
CLT 175 mm 175 mm 175 mm 175 mm 175 mm
Gypsum 0 0 16 mm 16 mm 16 mm
Rockwool 0 0 O0mm 40 mm 40 mm
Walls Wall 6 Wall 7 Wall 8 Wall 9 Wall 10
Stuceo Stucco Stucco T Stucco
EPS (EPS EPS
E E EPS E E WPP E WPP
3 CLBT = WPP = wpp = CLBT s CLBT
—_ x ® CLT o« || Rockwool ® | Rockwool
CLBT Gypsum Gypsum
Gypsum — —
s R Timber Strip 4 Resillient Channel
e— [P —f
161 mm 2223 mm 281.5 mm 281.5 mm
Stucco 0 21 mm 21 mm 21 mm 21 mm
EPS 0 40 mm 40 mm 40 mm 40 mm
CLBT 161 mm 161 mm 161 mm 161 mm 161 mm
Gypsum 0 16 mm 16 mm 16 mm
Rock- 0 0 0 mm 40 mm 40 mm
wool
Table 2. — Details of all the specimens of CLT and CLBT walls
Materials Glubam SPF Stucco EPS Gypsum Rockwool
Density 839.6 405.633 1929.63 30.12 682.6 63.35
(kg/m3) (2.63) (5.520) (1.11) (0.35) (0.10) (24.89)

*Value in parentheses is coefficient of variation (%).

3. Experimental measurements

In this study, the sound insulation properties of the materials and wall specimens were
measured in accordance with 1SO 140-3 using the reverberation room method in the Building
Acoustics Laboratory of the Guangdong Provincial Academy of Building Research (Figure 1). The
test facility consisted of two adjacent chambers, a sound source room with a volume of approxi-
mately 160 m3 and a receiving room with a volume of about 53 m3, both satisfying the volume
requirements specified in ISO 140-1 for laboratory measurements. The two reverberation chambers
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were constructed with highly reflective surfaces, including walls, floors and ceilings to promote
a diffuse sound field.

A wall specimen was installed between two adjacent reverberation rooms. The difference
in sound pressure levels between the two rooms is measured (L1 for the source room and L, for
the receiving room), and the reverberation time (7) in the receiving room is determined to account
for the sound insulation performance across frequency bands using

=T

R = Ll_ L: + lﬂigm, (1)

where R is the airborne sound insulation index (in dB), Sis the area of the test specimen (in m2),
Vis the volume of the receiving room (in m3) and T is the reverberation time (in s).
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a. Schematic diagram b. Schematic diagram

Figure 6. — Sound insulation test

Since the test specimen was smaller than the test opening, a filler wall was designed to
serve as a supporting frame for the specimen. In this case, the measured sound insulation value of
a wall specimen needs to be corrected to eliminate the influence of flanking transmission. Flanking
transmission occurs when sound waves travel via indirect paths, such as through the infill wall and
the surrounding structures of the test opening, rather than passing directly through the specimen
itself. 1ISO 140-3 specifies the details of the correction procedure to ensure that the final results
truly reflect the sound insulation performance of the wall specimen itself. Therefore, it is manda-
tory to correct all results in accordance with this standard. Taking Wall 1 and Wall 6 as examples,
the measured and corrected sound insulation values for both specimens are plotted in Figure 2 for
comparison. The presence of flanking transmission results in lower measured sound insulation
values, leading to an underestimation of the true acoustic performance of a specimen.
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Figure 7. — Measured and corrected sound insulation values

242



2026 APXUTEKTYPHO-CTPOUTE/IbHbLIV KOMI/IEKC: MPOB/IEMBI, [TEPCIIEKTUBbI, MHHOBALIMN

4. Experimental results and discussion

The sound reduction index results for all CLT and CLBT wall specimens are plotted in Figure 3
across the frequency range of 100-5000 Hz (in one-third octave bands). The data presented in this
figure clearly demonstrate that structural optimization is the core factor for improving the sound
insulation performance of both CLT and CLBT walls.

4.1 Effect of lining systems

Wall 1, a simple 175 mm CLT panel, exhibits the lowest sound insulation, while Wall 5, with
the most complex structure, achieves the highest and most stable sound insulation across all fre-
guency bands. This trend directly demonstrates the positive impact of structural diversity and en-
hanced flanking transmission control on sound insulation. Due to the low surface density of SPF, it is
constrained by the mass law, where its sound insulation in the low-frequency range (<1000 Hz) is
only about 25 dB, and although it improves in the mid-to-high frequency range, it still offers no
advantage. By adding WPP, EPS, and stucco to the CLT base, Wall 2 achieves an increase of 5-10 dB
in low-frequency sound insulation. This improvement is attributed to the porous structure of the
EPS, which enhances sound absorption, combined with the high surface density of the stucco,
which improves sound reflection. Wall 3 further incorporates a 16 mm gypsum board. Gypsum's
high density enhances the reflection of mid-to-high frequency sound waves, while its damping
properties help suppress the coincidence dip typical of CLT panels. Consequently, the utilization of
gypsum boosts the wall’s sound insulation by 3-5 dB in the mid-to-high frequency compared to
Wall 2. For Wall 4’s sound insulation performance, despite incorporating a 40-mm porous sound-
absorbing rockwool layer that effectively absorbs mid-to-high frequency acoustic energy, the rigid
timber strip connections introduce new flanking transmission paths, limiting the overall sound in-
sulation improvement. By replacing the timber strips with resilient channels, Wall 5 achieves the
optimal and most stable sound insulation performance across all frequency bands. This not only
interrupts rigid flanking transmission paths but also combines the sound absorption of rockwool,
the high density of gypsum board, and the vibration-damping effect of resilient channels to cover
sound insulation needs in low, mid and high frequency.

An analogous trend is clearly evident in the CLBT wall specimens (Figure 3b), confirming the
key principle in wall acoustic design: low-frequency sound insulation relies on a combination of
surface density and porous materials, whereas the mid to high frequency sound insulation per-
formance requires damping materials to suppress the coincidence effect, along with elastic struc-
tural elements to minimize flanking transmission.

The structural upgrade from simple CLT and CLBT walls to walls with multi-layer sound insu-
lation materials achieves a significant improvement in sound insulation performance. This indicates
that the sound insulation performance of CLT and CLBT walls cannot depend solely on thickness,
but can be effectively improved by using a composite structure that integrates porous sound-absorbing
materials, high-density reflective layers, and elastic elements for flanking transmission control.

S
30 A~ — —&— Wall 6 (CLBT)
—=— Wall 7 (CLBT)
—— Wall 8 (CLBT)
10 Wwall 9 (CLBT)
—— Wall 10 (CLBT)

20 //\—_@r\‘}_,b—a——fﬁ/ & —&— Wall 1 (CLT)
—=— Wall 2 (CLT)
20 —e— Wall 3 (CLT)
(
(

10 Wall 4 (CLT)
—— Wall 5 (CLT)

Sound insulation index (dB)

Sound insulation index (dB)

woo@ 0 e
o o
o o © ©

00T
Gel
Q091
Q0T
[olr4
GTE
Qo
0
€
000T
0scT
0091
000T
00sT
0STE
000V
000S

0§zt
00sT
00sT
0sTe
000t
000S

o o o©

Frequency (Hz) Frequency (Hz)
. CLT wall specimens b. CLBT wall specimens

Q

Figure 8. - Sound Reduction Index Results for Wall Specimens
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4.2 Evaluation of the sound insulation performance of CLT and CLBT walls

In order to simplify the complex full-band sound insulation curve into a single value,
the weighted sound reduction index (Rw) is used as the core single indicator to evaluate the air-
borne sound insulation performance of walls. Real-world noise varies significantly in frequency
distribution. Daily living noise, for example, is predominantly mid to high frequency, typically
above 1000 Hz. In contrast, traffic noise falls mainly in the mid to low frequency range, mostly
below 500 Hz. To account for these differences, spectral adaptation terms (C and Ctr) are introduced
to adjust the weighted value according to different acoustic environments. Accordingly, Rw+C can
better reflect walls’ sound insulation performance against daily living noise, and Rw+Ctr is more
suitable for traffic noise scenarios.

According to the calculation method specified in an international standard (1ISO 717-1 2020),
the values of Rw, Rw+C and Rw+Ctr for all the CLT and CLBT walls are given in Table 3. A Chinese
standard (GB 50118 2010) gives airborne sound insulation requirements for walls in different
building areas in China, and all the values are listed in Table 4. As shown in Table 3, the optimized
CLT wall (Wall 5) achieves a weighted sound reduction index (Rw) of 47 dB, with both Rw+C and
Rw+Ctr maintaining high at approximately 47 dB. The wall can meet all the sound insulation
requirements listed in Table 4 for residential, educational, and hotel buildings. In terms of CLBT
walls, Wall 10 is adequate for most applications, but it needs to be improved to satisfy high-
demand acoustic specifications.

Table 3. — Sound insulation indexes for CLT and CLBT walls

Wall 1 Wall 2 Wall 3 Wall 4 Wall 5
Rw 39 44 45 46 47
Rw+C 37 44 44 46 47
Rw+Ctr 35 44 44 46 47
Wall 6 Wall 7 Wall 8 Wall 9 Wall 10
Rw 35 42 42 44 45
Rw+C 34 41 41 43 43
Rw+Ctr 33 39 39 41 39

Table 4. — Standard for sound insulation indexes of walls in different building types

Building type Wall type Sound insulation requirements
Residential Exterior Wall Rw+Ctr = 45 dB
es_| (?n 'a Partition Walls between bedrooms Rw+C =35dB
Buildings o
Partition Walls between other rooms Rw+C =30dB
Exterior Wall Rw+Ctr =45 dB
Schools .
Partition Walls between classrooms Rw+C > 45 dB
Average hotels Exterior Wall Rw+Ctr = 30dEB
Partition Walls between rooms Rw+C =40 dB

4.3 Comparison between CLT and CLBT walls

The primary objective behind developing the CLBT concept was to use bamboo as a substitute
for timber, thereby promoting the engineering application of bamboo resources and alleviating
China's dependence on imported high-quality wood. In terms of wall’s sound insulation perfor-
mance, a comparison between CLT and CLBT walls (Figure 4) clearly shows that the latter can
achieve a sound insulation level comparable to that of the former.
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In the baseline configuration (Figure 4a), the sound insulation index of the pure CLT wall
(Wall 1) is slightly higher than that of the pure CLBT wall (Wall 6). As listed in Table 3, their
weighted sound reduction indices (Rw) are 39 dB and 35 dB, respectively, resulting in a performance
gap of 4 dB. This discrepancy is probably due to the difference in material thickness (175 mm for
CLT vs. 161 mm for CLBT).

With the use of lining systems, the difference can be reduced. Specifically, the Rw of the
optimal CLT construction (Wall 5) reached 47 dB, while the Rw of the optimal CLBT construction
(Wall 10) increased to 45 dB, narrowing the gap to 2 dB. Also, Figure 4b shows that the sound insu-
lation performance of CLBT Wall 10 at medium and high frequencies is close to that of CLT, but
there is a notable deficiency in the low-frequency range. In terms of spectral performance, CLT
Wall 5 demonstrates adequate sound insulation across both mid-to-high and mid-to-low frequency
ranges. CLBT Wall 10 provides good performance for mid-to-high frequency noise, while it shows
limited effectiveness in low-frequency sound isolation, making it less suitable for environments
dominated by traffic noise.

In summary, CLT walls exhibits good acoustic performance in a broader frequency range,
making them more suitable for different sound insulation scenarios; while CLBT walls, through
structural optimization, can not only meet the conventional sound insulation needs of most buildings
but also offer space advantages to some extend.
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Figure 9. — Sound Reduction Index Results of CLT and CLBT walls for comparison

5. Conclusion

This study provides a systematic experimental evaluation of the airborne sound insulation
performance of CLT and CLBT wall panels, and the following findings can be concluded:

1. Structural optimization is important in the acoustic design of walls. The sound insulation
performance of both CLT and CLBT walls is not only dependent on their base thickness but can be
significantly enhanced through multi-layer lining systems.

2. CLT walls exhibit slightly better sound insulation performance. The optimized CLT wall
(Wall 5) achieved an outstanding Rw of 47 dB, with similarly high values for both Rw+C and Rw+Ctr
at approximately 47 dB, enabling it to meet the acoustic requirements for various building types.

3. CLBT walls, which proper design, can be an effective alternative to CLT walls in many
acoustic scenarios. CLBT walls with lining systems can fulfill the sound insulation needs of most
residential, school, and hotel buildings.

4. The application of CLT or CLBT walls should be guided by specific acoustic conditions,
such as the spectrum of the noise source and the required insulation standards. For conventional
construction applications, CLBT walls can offer a resource-efficient alternative, promoting the use
of fast-growing bamboo with ensuring the sound insulation capability.
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