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Title : The study on structural characteristics of the bearing joint and the
method of structural design for timber - steel hybrid structure

Summary

In recent years, expectation for materials of higher quality and wider potential-use has
coincided with the need for greater spans, longer design lives and lighter weights that
adhere to the architect’s visions. Moreover, buildings must consider its local setting,
social utility as well as constructability. “Timber-Steel hybrid structural materials”
(herein “Timber-Steel hybrids”) have been proposed as a solution to such multifaceted
issues. In recent years, government bodies have made concerted efforts to promote the
use of timber leading to the completion of numerous buildings of varying use and size
utilizing Timber-Steel hybrids.

A critical aspect of designing with Timber-Steel hybrids is the evaluation of its strength
at the connection between the timber and steel as outlined in “Standard for Structural
Design of Timber Structures” by Architectural Institute of Japan (herein “Timber
Standard”). Unlike strength however, deflection of Timber-Steel hybrids are dependent
on a set of case-specific factors including the shape of the connection and its material
characteristics.

This paper explores empirical methods in assessing Timber-Steel hybrids in terms of
their strength, initial stiffness and deflection characteristics, and the paper further

studies the applicability of Timber-Steel hybrids as structural elements.

Section 1: Introduction
The introduction provides an overview of Timber-Steel hybrids as well as advantages in
their use by studying experiments and examples of previous works, ultimately drawing

parallels to this paper.

Section 2: Study on the Mechanical Properties of the Dome structure utilising Timber-
Steel hybrid sections held together with bolted joint

The Dome structure consisted of a series of elements with steel plates inserted within
timber beams (herein “struts”) that were bolted together at the node to form the nodal
connection. This section outlines strength, initial stiffness as well as the structural
characteristic coefficient of the abovementioned timber-steel nodal connection (herein

“bolted joint”). These parameters were determined through two experiments including



(1) trussed wall experiment! and (2) connection experiment?2.
This section further describes the applicability of Timber-Steel hybrids in the

construction of Dome structures.

Section 2.1 Overview and features of the Dome structure
This section provides an overview of each of the elements — and their characteristics —

that make up the Dome structure.

Section 2.2 Tensile and Compressive experiment of bolted joints with Timber-Steel
Hybrid section

Considering the size and design criteria of the Domes structure, seven different bolted
joints were chosen from a varying combinations of struts and connections. Compressive
and Tensile experiments were carried out on each of these bolted joints. Comparisons
were made between the bolted joints to determine differences in their compressive and
tensile performances. Such experiments were able to determine the parameters needed
for designing the Dome structure including strength, initial stiffness and the ductility

factor of each of the seven struts.

Section 2.3 Trussed wall experiment on bolted joints.

In this section, the bolted joints described in the previous section were used to form the
trussed wall and subjected to lateral loading experiments. A comparison was made
between the tensile and compressive experiments carried out on individual bolted joints
in the previous section and the lateral loading experiment of the trussed wall.

The experiments found that stiffness throughout the tensile experiment were similar to
those from the compressive experiment after fracture had occurred.

Furthermore, the strength and initial stiffness of each trussed wall is analysed and

explained.

Section 2.4 Significance of the experiments for design of Dome structure.
Using the results from the previously mentioned experiments, recommendations are

presented on how best to design Dome structures and obtain their ductility factors.

1 Trussed wall experiment involved a triangular truss that is subjected to lateral forces
to determine strength, initial stiffness, and the structural characteristic coefficient of
the bolted joint.

2 The abovementioned bolted joints are tested individually in tension and compression
experiments.



Moreover, a direct relationship was determined between the ductility factor of bolted
joints and a floor’s Structural Characteristic Coefficient regardless of material type or
building size as long as the structure in question is a Dome and the materials used are

the same for each respective floor.

Section 3: The Development of Earthquake resisting shear walls using Stack-
Laminated-Timber

A new hybrid Timber-Steel wall (herein “hybrid wall”) for earthquake resistance was
developed using timber cladding/sheeting encased in metallic framing; able to resist
external forces by acting as one single unit. In order for the hybrid wall to act
effectively as a single unit, there is a need to prevent cracking in the timber sheeting;
often as a result of construction inaccuracies and drying shrinkage. Studies were
carried out to verify that the system was able to prevent cracks.

Through experimentation of such hybrid walls, basic properties such as its strength,
initial stiffness and ductility factor were found. Moreover, a critique is provided as to

the effectiveness of hybrid walls in structural design.

Section 3.1 Properties and characteristics of Earthquake resisting shear walls made of
Stacked-Laminated Timber

This section presents the properties and characteristics of (timber-steel) hybrid
earthquake resisting shear walls. A planned 3 storey building with a storey height of

3.6m in the metropolitan area provides the basis of this analysis.

Section 3.2 Experiment using Timber-Steel shear walls using Stack-Laminated-Timber
This section further explores properties of the timber panel that act as the primary
component for earthquake resistance. Further, we validate the structural mechanism
behind the hybrid wall. In particular, a relationship is determined between the panel’s

grain direction and its compressive strength.

Section 3.3 Experiment of

This section further explores properties of the timber panel that act as the primary
component for earthquake resistance. Further, we validate the structural mechanism
behind the hybrid wall. In particular, two experiments that verify the in-plane drying

shrinkage of the timber panels.



Section 3.4 Horizontal Shear Experiment conducted on the hybrid wall
A horizontal shear experiment was carried out on a full-scale model of the hybrid wall

to determine its initial stiffness, strength, and structural characteristic coefficient.

Section 3.5 Applicability of the hybrid wall for structural design

This section verified the results from Section 2.3 through Structural Analysis. The
results of such analysis concluded that the initial stiffness of the hybrid wall could be
predicted from its compressive strain through first-principles.

Furthermore, a relationship was plotted between the strengths of the hybrid wall as
determined through the Hankinson equation, and the values obtain from the
compressive strength experiment. This relationship led to the development of a method

able to determine the sectional-area of the compressive strut3 in a hybrid shear wall.

Section 4: Conclusion

The conclusion of the paper is summarized the results of experimental and analytical
study on assessing Timber-Steel hybrids in terms of their strength, initial stiffness and
deflection characteristics. The paper further studies the applicability of Timber-Steel
hybrids as structural elements, and proposed the estimation method of the structural

design for Timber-Steel hybrids as structure.

3 Compressive Strut refers to the diagonal cross-sectional area of the hybrid wall that
bears compressive forces when subject to lateral forces.
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fRRERF ORIV b, Ty B I OEEORREREZ X 2.2-4 IZZNTHRT,
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HWENE LT, EOBRENMRE 6 =Smm 105, RV MMLITATHRL EOD Y IAFIT L
DAMMOOBRHAEZRL, RVFLTHOOVIALNBHR THRRA TS, TOREEE
SBIOMENER L, HAME Pmax FRZIXA T v MO Tt E CERZNEITL, &K
KRR BRI ZE - 72(4 2.2-4 ().

JERMGEEBR(Node)lZ B W T, 278 6 =3mm % TIXARIC LD REARZBITRS
mﬁﬁoko%@%ﬁﬁiaémnﬁﬁif_kmfmihﬁmﬁﬁmfméﬁ%ﬁ%
LI, EARME Pmax (ZET 575, KN EBIERFE TIHSIRERGER TR O LD
RBNEEE I I A N R o Te, AMBLEDOEZEMIRIZIB W T, FHIRN
RATHEIT LT AR08 BRI THERR S 1U7=(IX1 2.2-4 (b)),

FEEFER L HEBRIRE— R & OBRICHOWTIE, ARBRIEOBEERE— NITE—
RTI (EMODVIAR) THY, EEEORBRIKEZMAE L% 0 BHRBZICHE W T,
X 2.2-4 @b)ZRTERBY, R FOMBVITHERINLR-T-Z 0D, BERRE
— RFEBY THo7= LW LT,
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FIIEFEERES R L AERR T — R & ORBRICOWTIE, Nod RN ERIRE— R 1
(KM ~DHVAR) , TSN OWTIIAEERIRET— FIT (Rv - O i RER)
Thoh, FEEORBRIZ MR L 72 B MR ORI T, Nol~3 BB AKIZ OV T
AV s OB BRI (X 2.2-4 (ab) . FNLAOFEBRIKIZOVTAHR/L h Dl
S ITER ST, WIS AM O OEIZME, b L < IIRMEE O HT H Uik
BENEECTH -1,

7 22-3(a) EBRAER

3= O X1
. DEEIE | BT | BAEE | wREn | TIEF (BRSO
K(kN/mm) | Py(kN) | Pmax(kN)| Pu(kN) Su/Sv Ds
iy 11.09 20.1 34.2 31.5 7.92 0.268
Nol RERE 47.80 1.81 5.45 4.94 2.45 0.039
5% FRR{E 22.2 20.6 0.354
iy 5.41 35.4 55.5 48.0 3.07 0.453
No2 | 1R#ER=E 3.94 4.10 9.98 8.21 0.40 0.039
5% FRR{E 32.2 28.8 0.544
Fiy 20.90 47.4 75.4 66.9 4.17 0.375
No3 | #R#ERE 50.6 2.89 7.65 8.16 0.9 0.048
5% FRR{E 57.6 47.9 0.488
iy 17.55 54.4 79.4 72.0 7.53 0.241
No4 | 1R#ERE 43.25 21.17 8.68 5.36 3.50 0.062
5% FRR{E 60.4 60.3 0.477
iy 21.54 75.7 126.6 109.1 2.65 0.493
No5 | 1R#ER=E 15.30 5.10 8.94 11.39 0.60 0.067
5% FRR{E 107.1 84.1 0.639
iy 49.59 174.9 248.8 196.5 1.76 0.634
No6 | R¥ER=E 55.00 28.63 11.06 14.15 0.20 0.042
5% FRR{E 224.5 165.5 0.725
iy 67.94 303.7 426.3 367.8 2.24 0.539
No7 | R¥R=E 26.99 28.41 15.11 19.95 0.20 0.027
5% FRR{E 393.2 324.1 0.597
iy 62.57 56.2 96.8 87.3 16.86 0.184
Nodc | 1RERE 18.18 18.30 10.44 9.68 7.32 0.033
5% FRR{E 711 63.5 0.265
iy 197.75 353.9 528.6 501.7 3.9 0.381
No7c | #R#ERE 333.05 22.41 3.39 4.10 0.74
5% FERE

7 2.2-3(b) RFEAZRRBRMA (Nod 35 L OV Node) D FEERRE R

g | Do | wan | FEHIR  gapm | P wmgn | BER epzs| 2R wano
KON/mm) | PyGeN) | s | PmaxbN) | g oy | PuGN) | gy | Sutmm) | s sy FitE(EDs
-® 18.73 52.4 2.80 83.9 12.3 75.4 4.0 20.5 5.08 0.330
-@ 21.00 67.9 3.23 88.4 4.4 77.6 3.7 15.5 4.19 0.368
- 21.30 74.7 3.51 86.0 5.2 75.1 3.5 31.8 9.00 0.243
-@ 17.99 63.8 3.55 69.8 14.2 67.5 3.6 26.3 7.37 0.270
-6 10.41 24.8 2.38 73.6 4.4 66.5 6.2 77.2 12.48 0.204
T-® 19.36 59.3 3.06 82.6 7.0 74.6 3.9 26.6 6.89 0.280
-@ 20.45 72.6 3.55 86.0 14.0 76.0 3.7 455 12.23 0.206
-® 11.17 19.5 1.74 65.2 7.8 63.3 3.0 17.1 3.01 0.446
i 17.55 54.4 79.4 72.0 7.53 0.293
RERE 4.32 21.17 8.68 5.36 3.52 0.084
5% FRR{E 60.4 60.3 0.477
c-@ 81.35 40.7 0.50 84.8 4.5 76.19 0.94 28.9 30.9 0.128
c-@ 45.63 46.5 1.02 93.1 5.3 83.93 1.84 21.8 11.8 0.210
c-® 49.70 73.6 1.48 102.2 6.5 92.47 1.85 22.0 11.9 0.210
c-@ 87.57 83.2 0.95 114.0 3.6 103.22 1.18 19.5 16.6 0.176
c-® 63.49 38.7 0.72 88.9 4.4 80.06 1.39 26.0 17.6 0.169
c-® 47.67 54.6 1.17 97.6 5.7 88.2 1.85 235 12.4 0.210
Fiy 62.57 56.2 96.8 81.3 16.9 0.184
RERE 18.18 18.30 10.44 9.68 7.32 0.033
5% FIRIE 711 63.5 0.265
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— M ESORXR—2AT L — R e Ty N — MNEEH EmETOZ U T T A7) 38mm
FRETH D=0, A LS 23T 5 B ATOR R CHM 2 /& T Lz,

(b) REZy MICAWVWSHREDEWVILLIEE
BIEEBROMELFMMIL, TEY RN L—FEeRALEIRZUT I 2E2HFLTH
L7, AL LRI BB L., £0%S V) —XTHonTE, 1
EEARANCATE IR L2 BITIR 2 ISR T 23 /L S AV TR Pmax I LT, £
DRBITFERITHEIMET L, RRERITELT,

—J, L U —XIRRKWEKE, A N7 v Mz B8 W TRV MEIZD T2 0 KK
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HiTe,

(3) MAHE L UEIEARBIE

ARABRIR DKEJRM S DFHEAE cPu 2 AREAEERRFHHLIE - [l 2R S5 FIEIC
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FRBRIR & 5% FIRMEIZ X 2R ) O FZERE ePw 232 /il /) OFHEAE cPu &
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B D FTHAMINE LA EERAE R OIE 9 23 38 (FFRE M WARER & 2R o 73, BIIRERGE RO
5 2 MM & AR SRR A S O FIIN M 2 bei 9 5 &, AT VW ME S B S e,
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