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This paper reports the developments of steel-UHPC-steel sandwich composite walls with novel EC connectors (SUSSCW-ECs). The ECs in SUSSCW-ECs directly linked the two faceplates that enhance the composite action of the composite wall. Axial compression tests on 11 SUSSCW-ECs to investigate their compressive behaviours, and the selected key influencing parameters in the testing program included layout of C-channels, steel faceplate thickness, horizontal and vertical spacing of ECs, and strength of core. Under compression, the SUSSCW-ECs exhibited an elastic-plastic-recession three-stage working mechanism. Tests results show that major local buckling of faceplates ended the elastic stage, and UHPC crushing occurred at the peak compression resistance of SUSSCW-ECs. Installing the ECs with horizontal webs exhibited larger axial compression resistance of SUSSCW-ECs than those with V-web ECs. Increasing the steel faceplate thickness improved compressive behaviours of SUSSCW-ECs. Increasing horizontal and vertical spacing of EC connectors resulted in reduced ultimate compressive resistance of SUSSCW-ECs. Using UHPC improves both peak resistance and elastic stiffness of sandwich composite walls. Finally, this paper developed theoretical models to predict ultimate compressive resistance of SUSSCW-ECs, and validations against 11 test results showed their reasonable estimations.

Introduction

Steel-concrete-steel (SCS) sandwich composite walls (SCSSCWs) becomes popular recently in high performance infrastructures, e.g., shielding walls in new generation nuclear power plant [START_REF] Varma | Steel-plate composite (SC) walls for safety related nuclear facilities: Design for in-plane forces and out-of-plane moments[END_REF], immersed tunnels in Hongkong-Zhuhai-Macau Bridge [START_REF] Lin | The deployable element, a new closure joint construction method for immersed tunnel[END_REF],

shear walls [START_REF] Ji | Cyclic in-plane shear behavior of double-skin composite walls in high-rise buildings[END_REF][START_REF] Nie | Experimental study on seismic behaviour of highstrength concrete filled double-steel-plate composite walls[END_REF][START_REF] Yan | Seismic behaviour of double skin composite shear walls with overlapped headed studs[END_REF][START_REF] Yan | Seismic behaviours of SCS sandwich shear walls using J-hook connectors[END_REF], and protective structures (e.g., ice-walls for offshore platforms) [START_REF] Yan | Design and behavior of steel-concrete-steel sandwich plates subject to concentrated loads[END_REF][START_REF] Yan | Punching shear resistance of steel-concrete-steel sandwich composite shell structure[END_REF]. Typical components in SCSSCWs include two external steel faceplates, a sandwich concrete core, and faceplate-core bonding measures. The extensive advantages of SCSSCWs over conventional RC structures include savings on fabrication costing through reducing mould and manpower for concrete casting, reducing fabrication details of reinforcements, improved efficiency for structure construction, and maintaining structural integrity under impact and blast loads [START_REF] Remennikov | The development and ballistic performance of protective steelconcrete composite barriers against hypervelocity impacts by explosively formed projectiles[END_REF][START_REF] Liew | Impact Tests on Steel-Concrete-Steel Sandwich Beams with Lightweight Concrete Core[END_REF][START_REF] Bruhl | Design of composite SC walls to prevent perforation from missile impact[END_REF].

With such advantages, the applications of SCSSCWs are extended as oil containers, shield tunnels, bridge decks, offshore decks, and protective structures.

Previous extensive studies have been made to improve the structural performances of SCS sandwich structures (SCSSSs) through improving the steel-concrete interfacial bonding and core materials. Different steel-concrete interfacial bonding have been proposed in SCSSSs. Epoxy type of adhesive materials have been adopted as the bonding measures for SCSSSs by Solomon et al. [START_REF] Solomon | Flexural tests of steel-concrete-steel sandwiches[END_REF] and Marshall et al. [START_REF] Marshall | Bond Enhancement for Sandwich Shell Ice Wall[END_REF].

However, adhesive materials offered insufficient transverse shear resistance for the cross section of SCSSSs. Malek et al. [START_REF] Malek | Steel-concrete sandwich members without shear reinforcement[END_REF] chose the angle connectors as the bonding methods for SCSSSs, and their test results showed that the shallowly-embedded angles all failed in breakout mode and the structure could not achieve full flexural failure. Headed studs with the tying bars or overlapped headed studs have been used in the SCSSSs as shown in Fig. 1(a), especially the SCSSCWs developed by Zhang et al. [START_REF] Zhang | Effect of shear connectors on local buckling and composite action insteel concrete composite walls[END_REF], Choi et al. [START_REF] Choi | Strength and behavior of steel plate-concrete wall structures using ordinary and eco-oriented cement concrete under axial compression[END_REF], and Yan et al. [START_REF] Yan | Compressive behaviour of normal weight concrete confined by the steel faceplates in SCS sandwich wall[END_REF]. However, the steel-concrete bonding by both headed studs and angles all depend on their anchorages in the concrete core.

These indirect bonding measures become worse on maintaining the structural integrity as they were subjected to impact or blast loads [START_REF] Liew | Impact Tests on Steel-Concrete-Steel Sandwich Beams with Lightweight Concrete Core[END_REF]. Through bolts [see Fig. 1(b)] were used as the steel-concrete bonding in SCSSCWs by Ji et al. [START_REF] Ji | Seismic behavior of steel tube-double steel plate-concrete composite walls: Experimental tests[END_REF]. However, the openings in the two faceplates for bolts compromised their integrity and brought fabrication difficulties. Friction-welded bars [see Fig. 1(c)] offered strong direct connections on the two external faceplates for SCSSCWs. Moreover, these through friction-welded bars provided strong cross-sectional shear resistance. However, the friction-welding equipment for SCSSCWs limits their depth within 0.2~0.8 m, which maybe not suitable and economic enough for the shear walls. Continuous double J-hook connectors [START_REF] Yan | Seismic behaviours of SCS sandwich shear walls using J-hook connectors[END_REF][START_REF] Yan | Seismic behaviours of novel SCS sandwich shear walls with CFST boundary columns[END_REF] make up this limitation on the depth of SCSSCWs [see Fig.

1(d).

Previous tests [START_REF] Yan | Seismic behaviours of SCS sandwich shear walls using J-hook connectors[END_REF][START_REF] Yan | Seismic behaviours of novel SCS sandwich shear walls with CFST boundary columns[END_REF] confirm the excellent seismic performances of SCSSCWs with J-hooks. However, this type of connectors tends to result in a high risk of interlocking problems for SCSSCWs with a great amount pairs of J-hooks. Thus, to develop new connectors for SCSSCWs becomes necessary, which requires balancing the low costing, easy fabrication, and strong steel-concrete bonding. From this point of view, the authors developed the SCSSCWs with enhanced C-channel connectors (ECs) [see Fig. 1(e)~(f)]. This new ECs offers relative high steel-concrete interfacial bonding [START_REF] Yan | Shear behaviour of novel enhanced C-channel connectors in steel-concrete-steel sandwich composite structures[END_REF]. Thus, to study the axial compressive behaviours of SCSSCW with ECs (SCSSCW-ECs) becomes necessary.

Including the innovations on the steel-concrete bonding, different core materials were used in SCSSCWs to improve their structural performances. Normal weight concrete (NWC) was extensively adopted as the core materials for SCSSCWs [START_REF] Varma | Steel-plate composite (SC) walls for safety related nuclear facilities: Design for in-plane forces and out-of-plane moments[END_REF][START_REF] Lin | The deployable element, a new closure joint construction method for immersed tunnel[END_REF][START_REF] Ji | Cyclic in-plane shear behavior of double-skin composite walls in high-rise buildings[END_REF][START_REF] Nie | Experimental study on seismic behaviour of highstrength concrete filled double-steel-plate composite walls[END_REF][START_REF] Yan | Seismic behaviour of double skin composite shear walls with overlapped headed studs[END_REF][START_REF] Yan | Seismic behaviours of SCS sandwich shear walls using J-hook connectors[END_REF][START_REF] Yan | Design and behavior of steel-concrete-steel sandwich plates subject to concentrated loads[END_REF][START_REF] Yan | Punching shear resistance of steel-concrete-steel sandwich composite shell structure[END_REF][START_REF] Remennikov | The development and ballistic performance of protective steelconcrete composite barriers against hypervelocity impacts by explosively formed projectiles[END_REF][START_REF] Liew | Impact Tests on Steel-Concrete-Steel Sandwich Beams with Lightweight Concrete Core[END_REF][START_REF] Bruhl | Design of composite SC walls to prevent perforation from missile impact[END_REF][START_REF] Solomon | Flexural tests of steel-concrete-steel sandwiches[END_REF]. Eltayeb et al. [START_REF] Eltayeb | Structural performance of composite panels made of profiled steel skins and foam rubberised concrete under axial compressive loads[END_REF] used the lightweight foam concrete in SCSSCWs. Ultra-light weight concrete was used in the SCSSCW for offshore constructions [START_REF] Yan | Design and behavior of steel-concrete-steel sandwich plates subject to concentrated loads[END_REF][START_REF] Yan | Punching shear behavior of steel-concrete-steel sandwich composite plate under patch loads[END_REF]. More recently, ultra-high performance concrete (UHPC) was used in the high performance steel-concrete composite structures. Wang et al. [START_REF] Wang | Experimental and numerical investigation of the interfacial properties of non-steam-cured UHPC-steel composite beams[END_REF], Chen et al. [START_REF] Chen | Experimental study on fatigue performance of UHPC-orthotropic steel composite deck[END_REF], and Cao and Shao [START_REF] Cao | Finite element analysis of headed studs embedded in thin UHPC[END_REF] developed steel-UHPC composite slabs. Zhu et al. [START_REF] Zhu | Shear behaviour of steel-UHPC composite beams in waffle bridge deck[END_REF] developed the steel-UHPC composite bridge deck. Xiong et al. [START_REF] Xiong | Flexural performance of concrete filled tubes with high tensile steel and ultra-high strength concrete[END_REF] applied the UHPC in composite columns. More recently, Lin et al. [START_REF] Lin | Ultimate strength behaviour of S-UHPC-S and SCS sandwich beams under shear loads[END_REF] applied the UHPC in SCSSSs to improve their ultimate strength behaviours. This paper aims to further improve the ultimate axial compressive behaviour of SCSSCWs through using UHPC. Previous studies have experimentally and numerically studied flexural behaviours of SCSSSCWs [START_REF] Yan | Numerical studies on steel-UHPC-steel sandwich beams with novel enhanced C-channels[END_REF][START_REF] Yan | Steel-UHPC-steel sandwich composite beams with novel enhanced C-channel connectors: tests and analysis[END_REF].

This paper is a continuous study on axial compression behaviours of steel-UHPC-steel sandwich composite walls with ECs (SUSSCW-ECs).

This paper firstly reported a testing program with 11 SUSSCW-ECs and one SCSSCW-ECs under axial compression. The studied parameters were layout of C-channels, faceplate thickness (ts), vertical spacing of ECs (Sva), horizontal spacing of ECs (Sha), and concrete core strength (fc). Through these 12 axial compression tests, the axial compressive behaviours as well as their influencing key parameters were revealed and discussed. Including these tests and analysis, this paper also developed analytical models and modified code equations for ultimate compressive resistance of SUSSCW-ECs. Followed validations were performed to check these models.

Compressive tests on SUSSW-ECs

Details of SUSSCW-ECs

The typical fabrication procedures for SUSSCW-ECs are as shown in Fig. 2, which comprises (1) preparing the two faceplates with the reserved bolt holes and welded C-channels, (2) forming the steel skeleton through assembling the two faceplates, and

(3) casting of the UHPC. Fig. 3 shows the site casting and fabrication of the SUSSCW-ECs. It can be found that the formworks and manpower for site casting are greatly saved. This experimental study prepared 12 specimens that include 11 SUSSCW-ECs with UHPC and specimen with NWC. The selected key influencing parameters on ultimate compressive behaviour of SUSSCW-ECs were layout of C-channels, faceplate thickness (ts), vertical spacing of ECs (Sva), horizontal spacing of ECs (Sha), and strength and type of core (fc). Three specimens UDW1-1, UDW1-2, and UDW1-3, were designed with controlling parameters of ts =3.00 mm, Sva=90 mm, Sha=115 mm, and UHPC core. Since the C-channels can be installed with different layout in SUSSCWs, C-channels in UDW1 and UDW2 were installed with their web horizontally and vertically, i.e., H-web and V-web, respectively. To study the influence of faceplate thickness, SUSSCW-ECs UDW1, UDW3, and UDW4 were fabricated with faceplates in different ts values of 3.0, 4.8, and 5.8 mm, respectively.

To study the effect of Sva on axial compression behaviour of SUSSCW-ECs, UDW1, UDW5, UDW6, and UDW7 were prepared in different Sva values of 90, 130, 170, and 240 mm, respectively. To investigate the effect of Sha on axial compression behaviour of SUSSCW-ECs, UDW1, UDW8 and UDW9 were prepared in different Sha values of 115, 175, and 265 mm, respectively. H-web and V-web, respectively. It can be observed that all the SUSSCW-ECs are with the same width, height, and depth in concrete of 600, 660, and 120 mm, respectively. The rest geometric details, e.g., horizontal and vertical spacing of ECs, faceplate thickness, and type of the core materials are given in Table 1.

M8.8 high strength bolts (φ=14mm) were used in SUSSCWs, and their yield strength and elastic modulus are 640 MPa and 202 GPa, respectively. Q235 mild steel plates with nominal thickness of 3.0, 4.5, and 6.0 mm were used in the fabrication of SUSSCW-ECs. Q235B C-channels were also adopted to fabricate the ECs in SUSSCWs, and their geometries are shown in Fig. 2. Standard tensile tests on coupons cut from these plates and C-channels following Chines code GB/T228.1 [START_REF]Metallic Materials: Tensile testing[END_REF] to obtain their mechanical properties. Their tensile stress-strain curves are plotted in Fig. 5. More details of the mechanical properties, e.g., elastic modulus, yield and ultimate strengths, are tabulated in Table 1.

UHPC was selected as the core materials for UDW1~11, and its mix proportions are 1.000: 0.225: 0.250: 1.100: 0.300: 0.019 for cement: water: silica fume: Quartz sand: Quartz powder: superplasticizer, respectively. To improve mechanical properties of UHPC, three percent (in volume) φ0.12 mm and 8 mm long steel fibres with smooth surface and yield strength over 1600 MPa were used in the mix proportions of UHPC. Fig. 6 shows the stress-strain curves of UHPC under both uniaxial tension and compression. Specimen UDW10 adopts C50 NWC, and its compressive strength equals to 54.4 MPa.

Setup and measurements

Fig. 6 depicts the compression-test setup for SUSSCW-ECs. All the axial compression tests were performed by a 1500-ton SHIDAI SHIJIN multi-functional testing machine in Concrete Structural Laboratory, Tianjin University. To measure the axial shortening of SUSSCW-ECs, 12 LVDTs, with six LVDTs on each end plate, were installed as shown in Fig. 6. To measure the strains of steel faceplates and assist the judgement of their local buckling, linear strain gauges were also installed on the two external faceplates as shown in Fig. 7. The reaction forces during the tests were automatically measured by the testing machine. These measurements of shortening, strains, and reaction forces were recorded by a data logger.

Test results

Failure modes

Fig. 8 shows the observed failure modes of representative specimens with investigated parameters. It shows that local buckling of faceplates and crushing/splitting of UHPC core were the major failure modes occurred to the SUSSCW-ECs. 3) occurred at the loading level of 4100 kN, which is about 40% ultimate load carrying capacity (Pu). Furthermore, as the loading proceeded, separations between the faceplates and concrete core were observed at positions (1), (2), and (5) as the reaction force (P) equals to 5040 kN. After that as P increases to 5870 kN, the local buckling of faceplate at position (5) becomes more severe. As P increases to 8550 kN, the whole horizontal strip of faceplate between two neighbouring rows of ECs at position (5) locally buckled. During this process, the local buckling of faceplates at positions ( 3) and ( 4) become more severe. At the loading level of 10650 kN, local buckling occurred to the faceplate at position [START_REF] Yan | Seismic behaviours of SCS sandwich shear walls using J-hook connectors[END_REF].

Finally, as the P achieved its ultimate value of 11207 kN, crushing occurred to the UHPC core and cracking can be observed in the core. 5) as the P value achieved 290, 880, 1960, 2640, and 3280 kN, respectively. As P increased to 4650 kN, separation between the faceplate and concrete core was observed at position [START_REF] Yan | Seismic behaviours of SCS sandwich shear walls using J-hook connectors[END_REF]. As P increased to 5530 and 7740 kN, local buckling occurred to the faceplates at position ( 6) and [START_REF] Yan | Design and behavior of steel-concrete-steel sandwich plates subject to concentrated loads[END_REF]. Finally, the P achieved its ultimate value of 8297 kN and crushing occurred to the UHPC core. 

Load-shortening curves

Fig. 9(a)~(e) depicts the load-shortening (P-Δ) curves of SUSSCW-ECs. Fig. 9(f) shows the general P-Δ curves of SUSSCW-ECs. These figures show that the P-Δ behaviours of SUSSCW-ECs under axial compression can be divided into three working stages, i.e., SI (elastic working stage), SII (nonlinear working stage), and SIII (recession stage). However, the general P-Δ behaviours of SUSSCW-ECs with UHPC are different from those with NWC especially at their third working stages. The SUSSCW-ECs with UHPC exhibit an immediate drop after the peak load capacity.

Meanwhile, the SUSSCW-ECs with NWC exhibited a much flatter recession branch in the P-Δ curves. This is due to the more brittle failure of the UHPC under compression than the NWC. The SI starts from the loading and ends at the minor concrete crushing and major local buckling of faceplates, i.e., curves OA' or OA in Fig. 9(f). During this stage, slight minor local buckling occurred to the faceplates at several point locations (see section 3.1), but these slight minor local buckling of faceplates show very limited influence on the initial stiffness (Ke) of the SUSSCW-ECs. This is because that the contribution of the faceplates on Ke in SUSSCW-ECs is smaller than that of UHPC, and these buckling points of faceplates do not affect Ke of the cross section. During the second stage SII, the P-Δ behaviours of SUSSCW-ECs with UHPC exhibit nonlinear behaviour due to the developments of major local buckling in the two faceplates. It can be also observed from Fig. 9(e)~(f) that these nonlinear behaviours in SUSSCW-ECs with UHPC are much less significant than that in composite walls with NWC. Moreover, the specimens with thicker faceplates and larger spacing of ECs exhibit faster reductions in their stiffness of P-Δ curves before achieving their peak compressive resistances. This is because that the major local buckling and nonlinearities of UHPC core govern the nonlinear P-Δ behaviours in SII stage. Since the UHPC exhibits less significant nonlinear compressive behaviours (see Fig. 6), the nonlinear behaviour of P-Δ curves in SII is governed by those parameters influencing the local buckling of faceplates and compression nonlinearities of core materials in the composite walls. Finally, at the end point of SII [i.e., B or B' point in Fig. 9(f)], crushing of the UHPC and more severe local buckling occurred to the SUSSCW-ECs. After that, in the recession branch of P-Δ curves [i.e., curves of BC or B'C' in stage SIII as shown in Fig. 9(f)], all the SUSSCW-ECs with UHPC exhibit fast drop in their load carrying capacities due to the brittle compressive behaviour of UHPC after crushing. However, specimen UDW10 with NWC exhibits a more flat recession branch than those with UHPC due to the more ductile post-peak recession compressive behaviour of NWC than UHPC.

During this recession stage SIII, major local buckling occurred to more positions of the two external faceplates. Meanwhile, splitting and crushing of the UHPC were observed in the core. Finally, all the specimens failed in crushing of UHPC and faceplate local buckling.

Load versus strain of faceplate curves

Fig. 10(a)~(i) depicts the load versus strain of faceplates curves for representative specimens. In these curves, the yielding strain lines were also provided as the judgements for the failure modes of specimens. These figures show that the failure modes of faceplates greatly depend on the layout of ECs on faceplates and strength of core materials. Moreover, the load-strain curves also exhibit a three working-stage mechanism as those P-Δ curves. In the SI, all the load-strain curves exhibit the linear relationship between the reaction force and compressive strain. However, at the end of SI stage, the steel faceplates start to yield (e.g., UDW1~4) or elastic buckling occurred to them (for specimens with large spacing of ECs, e.g., UDW7~8). Thus, in the followed stage SII, major local buckling occurred to faceplates that can be found in the obvious overturning (or stop increasing) changes in the load-strain curves of specimens UDW1~4, which implies plastic buckling occurred to these specimens since their strains are beyond yielding points; meanwhile, for specimens with larger spacing of ECs, e.g., UDW7-8, elastic major buckling occurred to the faceplates.

After the peak load, all the steel faceplates exhibited the relaxation behaviour without taking any loads. However, the steel faceplates in SUSSCW-ECs with NWC (i.e., specimen UDW10) exhibited different failure sequences of faceplates from those with UHPC core. The major local buckling occurs to faceplates as the SUSSCW achieved its peak load, and the strains in the faceplates at ultimate load also exceed the yielding strains that implies the plastic buckling of faceplates. This is because that the strain at ultimate compressive strength of the UHPC (about 3500 με) is much larger than that of the C50 NWC (about 2500 με). Thus, from the optimization view, high strength steel with yielding stress less than 700 MPa may be considered in the further design of such type of composite shear wall.

Elastic stiffness (Ke), ultimate compressive resistances (Pu), and ductility index (DI)

The Ke, Pu, and DI ratios of SCSSCW-ECs can be found in the P-Δ curves of SUSSCW-ECs. The Ke equals to the ratio of 30% ultimate load (P0.3) to its shortening (Δ0.3). Meanwhile, the DI ratio is defined as the ratio of the shortening at 85% Pu (Δ85%) in the recession branch of P-Δ curves of SUSSCW-ECs to the shortening at peak load Δu. Thus, these determined Ke, Pu, and DI ratios of SCSSCW-ECs are tabulated in Table 1.

Discussions

With these reported failure mode, P-Δ and load-strain curves of SUSSCW-ECs, and strength and ductility indexes, the effects of studied parameters were discussed. stronger axial compression behaviours than that with V-web ECs. The ultimate compression resistance (Pu) of SUSSCW-ECs with H-web ECs is 17% higher than that with V-web ECs. This is because the ECs with their webs vertically-installed in the UHPC core result in larger stress concentration than those ECs with their webs horizontally installed as the SUSSCW-ECs subjected to vertical compression as shown in Fig. 11. However, the differences of Ke, Δu, and DI ratio are only 4%, 1%, and 5%, respectively. This is because the layout of ECs only affects the degree of stress concentration in front toe of the C-channels, and the initial stiffness of the SUSSCW is not influenced that is only determined by the moment inertia of cross section. Since DI ratio of the SUSSCW-ECs is more governed by the brittleness of UHPC under compression. This explains the limited influence of layout of ECs on ductility of SUSSCW-ECs. value of SUSSCW-ECs is increased by 8% (10%) and 12% (18%), respectively; meanwhile, the DI ratios of SUSSCW-ECs are both reduced by 6%, respectively. This is due to that the increasing ts value improves the equivalent cross-sectional moment inertia, which results in the increased Ke value. Moreover, with the increase of ts value from 3.0 to 4.8 and 5.8 mm , the cross-sectional area of faceplates was increased by 59% and 93%, but their slenderness ratios (λ=Sv/ts) were reduced from 30 to 18.9 and 15.5, respectively. These increased cross sectional area and reduced slenderness ratio of faceplates increased their compression resistance. However, due to the UHPC was used in the SUSSCW-ECs, the two faceplates only contributed a small portion to the ultimate compression resistance of SUSSCW-ECs. Thus, the increasing ts value has limited influence on Pu and Ke of SUSSCW-ECs. In addition, this also explains the quite limited influences on DI ratio of SUSSCW-ECs with the increase of ts from 3.0 to 5.8 mm. the Pu value is decreased by 12%, 15%, and 11%, respectively; the Ke value is slightly reduced by -2%, -1%, and 4%, respectively; and the DI ratio is reduced by -3%, 6%, and 8%, respectively. The increasing value of Sv from 90 to 130, 170, and 240 mm actually increases faceplate slenderness ratio (λ=Sv/ts) from 30.0 to 42.9, 58.8, and 79.8, respectively, which results in the enlarged buckling length of the faceplates. Fig. 12 plots the buckling length of faceplates in specimens with Sv values of 90 to 130, 170, and 240 mm that equals to about 95, 129, 170, and 210 mm, respectively, which are close to their Sv values. Thus, these increased buckling length results in much lower buckling strain, which changes the plastic buckling to elastic buckling of faceplates as shown in Fig. 10. All these reduced the compression buckling resistances of faceplates, and thus the axial compression capacity of SUSSCB-ECs.

Effect of layout of ECs

Effect of faceplate thickness (ts)

Effect of vertical spacing of ECs (Sv)

Since the UHPC was used in the, the compression resistance of faceplates only contributes a small portion to total compression resistance of SUSSCW-ECs. This explains the limited reductions (less than 15%) through increasing Sv value from 90 to 210 mm. Since the Ke value of SUSSCW-ECs is determined at the loading level of 0.3Pu, the local buckling does not occur, which is the reason to limited influences of increasing Sv on Ke value of SUSSCW-ECs. Since the larger Sv value will produce earlier local buckling of the faceplates, this reduces the ductility of SUSSCW-ECs.

However, the local buckling of faceplates only partially influences the axial compression behaviour of SUSSCW-ECs, which is more governed by the compressive behaviour of UHPC. Thus, the limited influence on DI ratio (less than 8%) due to increasing Sv value from 90 to 210 mm can be explained. In addition, the influence of Sh value on ultimate compressive resistance of SUSSCWs needs to be considered, which is commonly ignored in most of the previous studies. This is because that the fc and Ec of UHPC is 2.2 and 2.0 times of those values of C50 NWC. However, as shown in Fig. 10(j), the DI ratio of SCSSCW-ECs is reduced by 12% due to the more brittle compressive behaviour of UHPC. Moreover, the local buckling of faceplate and crushing of NWC core occur almost at the same time as the specimen achieves its peak value as shown in Fig. 10(i). Thus, high strength steel with higher plastic buckling strains may be considered for UHPC as it is used for the sandwich composite walls.

Effect of horizontal spacing of ECs (Sh)

Effect of different type of core

Prediction equations on ultimate compressive resistance of SUSSCW-ECs

Theoretical models

Considering all the faceplate local buckling occurred prior to the crushing of UHPC, the confinement of the faceplates on the compression resistance of UHPC core is ignored. Thus, the ultimate compression resistance of SUSSCW-ECs (NT) consists of compressive resistance of UHPC core (Nc) and compressive resistance of two faceplates (Ns);

T c s N N N = + (1) 
The compressive resistance of UHPC core (Nc) can be calculated as the following;

c c c N f A = (2)
where, fc is the UHPC compressive strength; Ac is the cross-sectional area of UHPC core.

As pointed out in section 3.5.4, the faceplates were divided into three different types of vertical strip (namely Strip A~C), which have varying buckling lengths as shown in 

2 W are widths for strip A~C in Fig. 13, and Ws=2Lc for strip B; x, y, and z are quantities of strips A~C in a faceplate, respectively; K is the constant, and equals to 0.825; Sh and Sv are horizontal and vertical spacing of ECs, respectively; Es is the elastic modulus; fys denotes yield strength; i η is the coefficient for buckling length of faceplate strip.
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Based on the experimental observations, the i η for different strips of faceplates can be determined as the following; 1.0, for strip, and strip in SUSSCW with side faceplate 1.0, 2 ,for strip, and strip in SUSSCW with free edge / 1.0, 2 , for strip, and strip in SUSSCW with free edge L is laterally unbraced length of the member.
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Code provisions

In Eurocode 4 [START_REF]Eurocode 4. Design of Composite Steel and Concrete Structures[END_REF], the ultimate compressive resistance of SCSSCW-ECs, NE, follows the below specifications;

, E pl Rd N N χ = (8) 
, = 0.85 

pl Rd y s c c N f A f A + (9) 2 2 1 1.0 λ χ Φ Φ - = ≤ + ( 10 
) 2 0.5[1 ( 0.2) ] α λ λ Φ = + - + (11) 
λ λ λ λ ϕ λ λ λ λ λ  - ≤   + + =    - + + - ≤  (15) 0 0 = / / y s s c c s s c c y f l E I I E E A A f f λ π + + (16) 
where, 0 λ denotes generalized slenderness ratio. 12 and 0.12, respectively. However, the code equations in AISC, Eurocode, and CECS were mainly developed for composite wall with NWC but not for composite walls with UHPC, which may be the prediction discrepancies of these prediction equations.

Validations

Thus, the developed theoretical models are recommended to predict the ultimate compressive resistance of SUSSCW-ECs.

Conclusions

This paper firstly developed new type of sandwich composite walls using UHPC and enhanced C-channels. Followed, this paper performed compression tests on new SUSSCW-ECs to investigate their ultimate compression behaviours. Through the tests, the axial compression behaviours of SUSSCW-ECs and their key influencing parameters were investigated and revealed. Analytical models were also developed to predict the ultimate compression resistance of this new type of SUSSCW-ECs. From these studies, following conclusions can be drawn;
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 1324678910 Fig. 1 SCSSCWs with different bonding connectors
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 1213 Fig. 12 Influence of Sv on buckling length of faceplates

Table 2

 2 lists the experimental and predicted Pu values as well as test-to-prediction (TTP) ratios obtained by different prediction equations. Fig. 15 plots the scatters of TTP ratios for different prediction methods. These table and figure show that the prediction equations developed by the authors offer the most accurate predictions on Pu with an average TTP ratio and Cov of 1.02 and 0.10, respectively. The discrepancies of the predictions are probably due to scatter in strengths of both UHPC and steel material. Moreover, the ignorance on imperfection of the composite walls is also a probably reason. The equations in China code CECS offer the secondly most accurate predictions on Pu with an average TTP ratio and Cov of 1.03 and 0.11, respectively. AISC code equations offer the most conservative predictions on Pu with an average TTP ratio and Cov of 1.20 and 0.13, respectively. Eurocode 4 offers the secondary most conservative estimations on Pu with an average TTP ratio and Cov of 1.
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specimen achieved its ultimate compression resistance.

(2) The P-Δ behaviours of SUSSCW-ECs under axial compression can be divided into three working stages, i.e., elastic, nonlinear, recession stage. However, the SUSSCW-ECs with UHPC exhibited more brittle P-Δ behaviours at the recession stage due to the brittleness of UHPC. The nonlinear behaviour of SUSSCW-ECs was mainly due to the local buckling of faceplates.

(3) Plastic local buckling occurred to the faceplates in most of the SUSSCWs, but elastic buckling occurred to specimens for specimens with large horizontal or vertical spacing of ECs.

(4) Compared with SUSSCW-ECs with V-web ECs, SUSSCW-ECs with H-web ECs exhibited 17% higher in Pu through alleviating stress concentration in the front toe of ECs under vertical compression. However, changing the layout of ECs did not have significant influence on Ke and DI ratio of SUSSCW-ECs.

(5) Increasing ts value of faceplate from 3.0 to 4.8 and 5.8 mm increased the Pu (or Ke) value of SUSSCW-ECs by 8% (10%) and 12% (18%), respectively. (6) Increasing the Sv value from 90 to 130, 170, and 240 mm reduced the Pu value of SUSSCW-ECs by 12%, 15%, and 11%, respectively. However, this increased Sv value did not affect Ke and DI ratio of SUSSCW-ECs. (7) Increasing the Sh value from 140 to 290 mm reduced the Pu value of SUSSCW-ECs by 6% due to the early local buckling and larger local buckling length of vertical strips of faceplates between two columns of ECs. The buckling length far away from the ECs equals to about 2.0 times of that locating along the