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Bond slip performance and calculation method of

rammed earth-timber interface
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(a. College of Civil Engineering; b. Key Laboratory for Intelligent Infrastructure and Monitoring of Fujian Province,
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Abstract: The interface performance of rammed earth and timber beam of Fujian Tulou buildings determines
the interaction of the two, and the bond slip relationship of rammed earth and wooden beam is a
comprehensive reflection of the interfacial performance. In order to investigate the bond-slip performance of
rammed earth-timber beam joints, eight pull-out tests of rammed earth-timber beam joint specimens were
conducted. The test parameters included the vertical load, the timber beam penetration length, and surface
roughness. The influences of these parameters on the maximum load and the composition of the bonding
force were analyzed. The interface between timber beam and rammed earth was modeled and analyzed by

finite element method. and the calculation method of bonding force was put forward. The results show that
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the interface failure modes of rammed earth and timber beam include pull-out failure of timber beam and

cracking failure of rammed earth. The bond slip curve of such interfaces can be divided into three stages,

including the linear ascending stage, the slip transition stage and the residual friction stage; the finite

element simulation shows that the connector spring can well represent the interface performance of rammed

earth-timber beam joints; the bonding force at the interface between timber beam and rammed earth

includes the cementation force, the friction force between timber beam and the contact surface of rammed

earth, and the matrix suction of soil. With continuous sliding, the cementation force keeps failing and

approaches zero, and only the friction force and matrix suction exist in the friction residual section.

Keywords: Fujian Tulou; timber beam; rammed earth; bond slip; model test; finite element simulation
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Fig. 1 Rammed earth-timber joint
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Table 1 Parameters of specimens

s MR FRBEET /RN KRR AKEE/mm

L1 H B 10 600
L2 HBE 10 750
L3 bickits 20 600
L4 bickits 20 750
L5 St 10 600
L6 Jei 10 750
L7 e 20 600
L8 St 20 750
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Fig. 2 Specimen size of rammed earth-timber joint
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Fig. 4 Unconfined compressive strength test of rammed earth
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Table 2 Material test results of timber along

grain direction

=R/ 6./MPa 6./MPa E./MPa
£/ 79. 00 25. 93 9 042. 92
52K 77. 33 25. 83 8 039. 71
53K 75.17 26. 48 7 448.55
¥ {E 77.17 26. 08 8177.06
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Fig. 7 Schematic representation of loading device
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Fig. 9 Damage forms of specimens
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Fig. 10 Load-displacement curves of all specimens
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Table 3 Bond slip test results of timber beams and

rammed earth walls

PGS ERATE/KN VEENES /mm HEEhEEEE T /KN
L1 10. 52 13.2 9.41
L2 10.75 15.3 10. 51
L3 14.08 24.82 11.22
L4 14.32 26. 34 12.15
L5 7.17 8.37 6. 65
L6 7.67 11.56 7.22
L7 11.76 12.98 11.23
L8 12.15 16. 47 9. 66
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Fig. 11 Strain-load relation curve of timber
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Table 4 Elastic parameters

e PP i/ MPa THARLE
#Ft 81 0. 25
AHE 8177 0.4
WAF 210 000 0.3
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Table 5 Plastic parameters
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Table 6 Comparison of specimen simulation and test results
W BRI WA RS Y S $
i RB/N BEBUKN MXRE/% WRR/AN O BHU/KN MXRE/% RR/KN BIU/KN AR/ %
L1 10. 52 10. 22 —2.9 13.2 13. 77 4.3 9.41 9. 86 4.8
1.2 10. 75 10. 47 —2.6 15.3 15.5 1.3 10. 51 10. 20 —2.9
L3 14. 08 13. 39 —5.2 24. 82 20. 38 —21.7 11. 22 11. 02 —1.8
14 14. 32 13. 80 —3.6 26. 34 23.23 —11.8 12. 15 12. 81 5.4
L5 7.17 6. 83 —5.0 8. 37 6. 86 —22.0 6. 65 6. 64 —0.2
L6 7.67 7.14 —6.9 11. 56 10. 31 —10. 8 7.22 6. 95 —3.7
L7 11.76 11. 56 —1.7 12. 98 13. 88 6.9 11. 23 11. 10 —1.2
L8 12. 15 11. 74 —3.4 16. 47 15.51 —5.8 9. 66 10. 39 —7.6
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Fig. 16 Stress distribution of wood beam of specimens
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Table 7 Friction value provided by vertical pressure

(2

AR JE5E Fx/kN

J¥/mm EX Tn=10 kN Tn=20 kN
600 0.6 2.89 5.71
750 0.6 3. 60 7.16
600 0.1 0. 54 1.1
750 0.1 0. 67 1. 36
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Fig. 20 Relation between coefficient of friction and friction
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Table 8 Interface force composition of each

b4
#
0.

part of the specimens

N Fo/kN Fn/kN Fe /kN
L1 1.11 2.89 6. 52
L2 0. 24 5.71 4. 80
L3 2. 86 3. 60 7.62
L4 2.17 7.16 4.99
L5 0. 52 0. 54 6.11
L6 0. 45 1.10 6.12
L7 0.53 0. 67 10. 56
L8 2. 49 1.36 8. 30
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