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Effects of foundation pressure and building stiffness on tunnel-separated footing interaction


To explore the boundary effect on the results, two models (long and short frames with a C/D ratio of 1.3, see models No. 4 and No. 19 in Table 1) were simulated with larger/wider soil domains. The width of the model was increased from 7.1 D to 10.0 D. The results in Figure S1 show that the effect of model size on the simulation results was minimal, with a maximum difference of ~3% in the data (displacements of the footings at the boundary) between the two model widths. Therefore, the model size used in this study has a negligible impact on the numerical simulation results, and the boundary effect of the model can be neglected. 
 
 
Figure S1. Numerical results of footing displacements and soil movements with different model widths (7.1 D and 10.0 D): (a) and (b) short frame, (c) and (d) long frame 
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Footing-7.1D	-15.9528	-15.653599999999999	-15.436	-15.136799999999999	-10.771199999999999	-10.472	-10.2544	-9.9551999999999996	-5.5895999999999981	-5.2904	-5.0727999999999991	-4.7735999999999983	-0.40799999999999997	-0.10879999999999927	0.10880000000000109	0.40799999999999997	4.7736000000000018	5.0727999999999991	5.2904000000000018	5.5896000000000026	9.9552000000000014	10.254400000000002	10.472	10.7712	15.136799999999999	15.436	15.653600000000003	15.9528	3.8932500000000001	3.8918499999999998	3.8910300000000002	3.89086	7.5338799999999999	7.5343999999999998	7.5351699999999999	7.5357000000000003	9.4899500000000003	9.4906400000000009	9.4901300000000006	9.4886700000000008	1.61473	1.6115200000000001	1.61046	1.6106199999999999	Soil-7.1D	-21.76	-21.179279999999999	-20.598560000000003	-20.01784	-19.43712	-18.856400000000001	-18.275680000000001	-17.694959999999998	-17.114239999999999	-16.533519999999999	-15.9528	-15.653600000000001	-15.436	-15.136799999999999	-14.51314	-13.88949	-13.265829999999999	-12.64217	-12.018510000000001	-11.3949	-10.7712	-10.472	-10.2544	-9.9552000000000014	-9.3315000000000001	-8.7079000000000004	-8.0842000000000009	-7.4606000000000003	-6.8369	-6.2132999999999994	-5.5896000000000008	-5.2904000000000018	-5.0727999999999991	-4.7735999999999983	-4.0867999999999993	-3.4	-2.9012999999999991	-2.4027000000000007	-1.9039999999999999	-1.4052999999999993	-0.90670000000000073	-0.40799999999999997	-0.25840000000000146	-0.10879999999999927	0.10879999999999927	0.40799999999999997	0.90670000000000073	1.4052999999999993	1.9039999999999999	2.4027000000000007	2.9012999999999991	3.4	4.0867999999999993	4.7735999999999983	5.0727999999999991	5.2904000000000018	5.5895999999999981	6.2132999999999994	6.8369000000000018	7.4605999999999986	8.0842000000000009	8.7079000000000022	9.3315000000000001	9.9552000000000014	10.254400000000002	10.472	10.7712	11.394900000000002	12.0185	12.642199999999997	13.265800000000002	13.8895	14.513099999999998	15.136800000000003	15.436	15.653599999999999	15.952800000000003	16.5335	17.114199999999997	17.695	18.275699999999997	18.856400000000001	19.437099999999997	20.017800000000001	20.598599999999998	21.179300000000001	21.76	3.5209399999999998E-37	0.27029999999999998	0.542126	0.81739200000000001	1.0984100000000001	1.389	1.6942200000000001	2.02725	2.3978100000000002	2.8783400000000001	3.6283300000000001	3.8601399999999999	3.9220000000000002	3.9887000000000001	4.7832299999999996	5.0538400000000001	5.3555999999999999	5.74376	6.1698599999999999	6.5559200000000004	7.4910199999999998	7.5698800000000004	7.6134000000000004	7.7655099999999999	9.0111500000000007	9.5459700000000005	9.8367900000000006	9.9342500000000005	9.8943899999999996	9.71082	9.6607599999999998	9.6206800000000001	9.6121300000000005	9.4953800000000008	8.7606999999999999	7.8829099999999999	7.1351599999999999	6.2990899999999996	5.3920300000000001	4.4069799999999999	3.2736800000000001	2.1110899999999999	1.9922899999999999	1.8403	1.6312800000000001	1.4212100000000001	0.60767899999999997	-0.57584500000000005	-1.7990999999999999	-3.0019900000000002	-4.0910099999999998	-5.0307700000000004	-6.0746099999999998	-6.8489399999999998	-7.1107399999999998	-7.2749199999999998	-7.4670699999999997	-7.7536500000000004	-7.9028400000000003	-7.9235899999999999	-7.8087400000000002	-7.5557100000000004	-7.1875999999999998	-6.7427099999999998	-6.5129099999999998	-6.3419400000000001	-6.1038199999999998	-5.6050700000000004	-5.1149500000000003	-4.6426600000000002	-4.1931099999999999	-3.7685399999999998	-3.3693200000000001	-2.99465	-2.8231899999999999	-2.7017099999999998	-2.5388899999999999	-2.2360000000000002	-1.9489000000000001	-1.6757200000000001	-1.4145700000000001	-1.1635899999999999	-0.92099299999999995	-0.68501900000000004	-0.45396700000000001	-0.22617200000000001	-3.7682700000000002E-37	Footing-10D	-15.9528	-15.653599999999999	-15.436	-15.136799999999999	-10.771199999999999	-10.472	-10.2544	-9.9551999999999996	-5.5895999999999981	-5.2904	-5.0727999999999991	-4.7735999999999983	-0.40799999999999997	-0.10879999999999927	0.10880000000000109	0.40799999999999997	4.7736000000000018	5.0727999999999991	5.2904000000000018	5.5896000000000026	9.9552000000000014	10.254400000000002	10.472	10.7712	15.136799999999999	15.436	15.653600000000003	15.9528	4.1081099999999999	4.1067400000000003	4.10595	4.1058300000000001	7.6557500000000003	7.6562700000000001	7.6570299999999998	7.65754	9.51844	9.5191199999999991	9.5186100000000007	9.5171500000000009	1.5442499999999999	1.5409900000000001	1.53989	1.54003	Soil-10D	-30.6	-29.989699999999999	-29.3794	-28.769099999999998	-28.158799999999999	-27.548500000000001	-26.938200000000002	-26.327900000000003	-25.717599999999997	-25.107299999999999	-24.497	-23.886700000000001	-23.276400000000002	-22.6661	-22.055799999999998	-21.445499999999999	-20.8352	-20.224900000000002	-19.614599999999999	-19.004300000000001	-18.393999999999998	-17.7837	-17.173400000000001	-16.563099999999999	-15.9528	-15.653600000000001	-15.436	-15.136799999999999	-14.5131	-13.8895	-13.265799999999999	-12.642200000000001	-12.0185	-11.394900000000002	-10.7712	-10.472	-10.254400000000002	-9.9552000000000014	-9.3315000000000001	-8.7079000000000022	-8.0842000000000009	-7.4605999999999986	-6.8369000000000018	-6.2132999999999994	-5.5895999999999981	-5.2904000000000018	-5.0727999999999991	-4.7735999999999983	-4.0867999999999993	-3.4	-2.9012999999999991	-2.4027000000000007	-1.9039999999999999	-1.4052999999999993	-0.90670000000000073	-0.40799999999999997	-0.10879999999999927	0.10879999999999927	0.40799999999999997	0.90670000000000073	1.4052999999999993	1.9039999999999999	2.4026999999999972	2.9013000000000031	3.4	4.0868000000000029	4.7735999999999983	5.0728000000000026	5.2904000000000018	5.5895999999999981	6.2133000000000029	6.8369000000000018	7.4605999999999986	8.0841999999999974	8.7079000000000022	9.3315000000000001	9.9551999999999978	10.254400000000002	10.472	10.771199999999997	11.394900000000002	12.0185	12.642199999999997	13.265800000000002	13.8895	14.513099999999998	15.136800000000003	15.436	15.653599999999999	15.952800000000003	16.563099999999999	17.173400000000001	17.783699999999996	18.393999999999998	19.004300000000004	19.614599999999999	20.224900000000002	20.835199999999997	21.445499999999999	22.055800000000001	22.6661	23.276400000000002	23.886699999999998	24.497	25.107300000000002	25.717599999999997	26.327900000000003	26.938199999999998	27.548500000000001	28.158800000000003	28.769099999999998	29.3794	29.989699999999996	30.6	4.2271260000000002E-38	4.438458E-2	8.9067599999999997E-2	0.13435320000000001	0.18055200000000002	0.22799039999999998	0.27701100000000001	0.32797919999999997	0.3812856	0.43735379999999996	0.49664459999999994	0.55966079999999996	0.6269579999999999	0.69914399999999999	0.77690399999999993	0.861012	0.95233799999999991	1.1396059999999999	1.354689	1.6022699999999999	1.8891760000000002	2.2276885000000002	2.6325990000000004	3.1675849999999999	3.9856600000000002	4.1894400000000003	4.24756	4.3127000000000004	5.0217000000000001	5.2727399999999998	5.5601900000000004	5.9301399999999997	6.34619	6.7145099999999998	7.6139000000000001	7.6952299999999996	7.7307100000000002	7.8918900000000001	9.0738800000000008	9.5855599999999992	9.8760499999999993	9.9673499999999997	9.9266199999999998	9.7308599999999998	9.6902500000000007	9.6540400000000002	9.6411300000000004	9.5249000000000006	8.7878500000000006	7.9013299999999997	7.14724	6.3018400000000003	5.3808199999999999	4.3725500000000004	3.2254800000000001	2.0541499999999999	1.758	1.5453600000000001	1.34073	0.52884600000000004	-0.67009099999999999	-1.90944	-3.1215299999999999	-4.21427	-5.1529800000000003	-6.19529	-6.9714999999999998	-7.2350399999999997	-7.4007300000000003	-7.59518	-7.8873600000000001	-8.0434000000000001	-8.0725499999999997	-7.9670399999999999	-7.7229400000000004	-7.3641699999999997	-6.9299600000000003	-6.7055600000000002	-6.5385299999999997	-6.3058199999999998	-5.8186299999999997	-5.3410900000000003	-4.8833700000000002	-4.4513100000000003	-4.0480200000000002	-3.6747200000000002	-3.3313299999999999	-3.1769699999999998	-3.06881	-2.9256199999999999	-2.5199699999999998	-2.163357	-1.8505605000000001	-1.5767600000000002	-1.3374975	-1.1287429999999998	-0.94690049999999992	-0.788748	-0.71068799999999999	-0.63908399999999999	-0.57319679999999995	-0.51236699999999991	-0.45598319999999998	-0.40349400000000002	-0.35439480000000001	-0.30822660000000002	-0.26456999999999997	-0.22303739999999997	-0.18327419999999997	-0.14494739999999998	-0.10774619999999999	-7.1375999999999995E-2	-3.5552099999999996E-2	-1.2054840000000001E-37	Offset (m)


Ux(mm)




Footing-7.1D	-15.9528	-15.653599999999999	-15.436	-15.136799999999999	-10.771199999999999	-10.472	-10.2544	-9.9551999999999996	-5.5895999999999981	-5.2904	-5.0727999999999991	-4.7735999999999983	-0.40799999999999997	-0.10879999999999927	0.10880000000000109	0.40799999999999997	4.7736000000000018	5.0727999999999991	5.2904000000000018	5.5896000000000026	9.9552000000000014	10.254400000000002	10.472	10.7712	15.136799999999999	15.436	15.653600000000003	15.9528	2.9528099999999999	3.5929899999999999	4.0605599999999997	4.7025499999999996	10.286099999999999	10.5776	10.788	11.0754	20.3584	20.5169	20.630500000000001	20.790900000000001	29.1554	29.942399999999999	30.517499999999998	31.302900000000001	Soil-7.1D	-21.76	-21.179279999999999	-20.598560000000003	-20.01784	-19.43712	-18.856400000000001	-18.275680000000001	-17.694959999999998	-17.114239999999999	-16.533519999999999	-15.9528	-15.653600000000001	-15.436	-15.136799999999999	-14.51314	-13.88949	-13.265829999999999	-12.64217	-12.018510000000001	-11.3949	-10.7712	-10.472	-10.2544	-9.9552000000000014	-9.3315000000000001	-8.7079000000000004	-8.0842000000000009	-7.4606000000000003	-6.8369	-6.2132999999999994	-5.5896000000000008	-5.2904000000000018	-5.0727999999999991	-4.7735999999999983	-4.0867999999999993	-3.4	-2.9012999999999991	-2.4027000000000007	-1.9039999999999999	-1.4052999999999993	-0.90670000000000073	-0.40799999999999997	-0.25840000000000146	-0.10879999999999927	0.10879999999999927	0.40799999999999997	0.90670000000000073	1.4052999999999993	1.9039999999999999	2.4027000000000007	2.9012999999999991	3.4	4.0867999999999993	4.7735999999999983	5.0727999999999991	5.2904000000000018	5.5895999999999981	6.2132999999999994	6.8369000000000018	7.4605999999999986	8.0842000000000009	8.7079000000000022	9.3315000000000001	9.9552000000000014	10.254400000000002	10.472	10.7712	11.394900000000002	12.0185	12.642199999999997	13.265800000000002	13.8895	14.513099999999998	15.136800000000003	15.436	15.653599999999999	15.952800000000003	16.5335	17.114199999999997	17.695	18.275699999999997	18.856400000000001	19.437099999999997	20.017800000000001	20.598599999999998	21.179300000000001	21.76	1.8080099999999999	1.8168299999999999	1.8431200000000001	1.8867700000000001	1.9478500000000001	2.0261300000000002	2.1202399999999999	2.2310099999999999	2.3574700000000002	2.5785900000000002	3.13306	3.6051899999999999	4.048	4.5151899999999996	3.63409	3.9033699999999998	4.3529400000000003	4.9354199999999997	5.6659100000000002	6.7769000000000004	10.0656	10.5335	10.7417	10.899100000000001	9.7287800000000004	10.541499999999999	11.7578	13.224299999999999	14.898400000000001	16.831	20.104700000000001	20.488399999999999	20.647500000000001	21.1495	22.578399999999998	24.147600000000001	25.285900000000002	26.361999999999998	27.328600000000002	28.164899999999999	28.892800000000001	29.451000000000001	29.621700000000001	30.0106	30.542000000000002	30.964500000000001	30.1114	29.195900000000002	28.063199999999998	26.737400000000001	25.249400000000001	23.6646	21.426200000000001	19.2193	18.2849	17.618400000000001	16.721399999999999	14.929	13.252800000000001	11.7196	10.358700000000001	9.1789100000000001	8.1628500000000006	7.2826300000000002	6.9007100000000001	6.6372999999999998	6.2932699999999997	5.6372499999999999	5.0538100000000004	4.5343499999999999	4.0723900000000004	3.6625200000000002	3.3000799999999999	2.9809199999999998	2.8420700000000001	2.74661	2.6226500000000001	2.4050600000000002	2.2159800000000001	2.05349	1.91591	1.80183	1.71007	1.63967	1.5899000000000001	1.5602400000000001	1.5503899999999999	Footing-10D	-15.9528	-15.653599999999999	-15.436	-15.136799999999999	-10.771199999999999	-10.472	-10.2544	-9.9551999999999996	-5.5895999999999981	-5.2904	-5.0727999999999991	-4.7735999999999983	-0.40799999999999997	-0.10879999999999927	0.10880000000000109	0.40799999999999997	4.7736000000000018	5.0727999999999991	5.2904000000000018	5.5896000000000026	9.9552000000000014	10.254400000000002	10.472	10.7712	15.136799999999999	15.436	15.653600000000003	15.9528	2.6008599999999999	3.22085	3.6737500000000001	4.2955399999999999	10.0015	10.294700000000001	10.506399999999999	10.7956	20.1708	20.341000000000001	20.463000000000001	20.635100000000001	29.102	29.908799999999999	30.4985	31.303699999999999	Soil-10D	-30.6	-29.989699999999999	-29.3794	-28.769099999999998	-28.158799999999999	-27.548500000000001	-26.938200000000002	-26.327900000000003	-25.717599999999997	-25.107299999999999	-24.497	-23.886700000000001	-23.276400000000002	-22.6661	-22.055799999999998	-21.445499999999999	-20.8352	-20.224900000000002	-19.614599999999999	-19.004300000000001	-18.393999999999998	-17.7837	-17.173400000000001	-16.563099999999999	-15.9528	-15.653600000000001	-15.436	-15.136799999999999	-14.5131	-13.8895	-13.265799999999999	-12.642200000000001	-12.0185	-11.394900000000002	-10.7712	-10.472	-10.254400000000002	-9.9552000000000014	-9.3315000000000001	-8.7079000000000022	-8.0842000000000009	-7.4605999999999986	-6.8369000000000018	-6.2132999999999994	-5.5895999999999981	-5.2904000000000018	-5.0727999999999991	-4.7735999999999983	-4.0867999999999993	-3.4	-2.9012999999999991	-2.4027000000000007	-1.9039999999999999	-1.4052999999999993	-0.90670000000000073	-0.40799999999999997	-0.10879999999999927	0.10879999999999927	0.40799999999999997	0.90670000000000073	1.4052999999999993	1.9039999999999999	2.4026999999999972	2.9013000000000031	3.4	4.0868000000000029	4.7735999999999983	5.0728000000000026	5.2904000000000018	5.5895999999999981	6.2133000000000029	6.8369000000000018	7.4605999999999986	8.0841999999999974	8.7079000000000022	9.3315000000000001	9.9551999999999978	10.254400000000002	10.472	10.771199999999997	11.394900000000002	12.0185	12.642199999999997	13.265800000000002	13.8895	14.513099999999998	15.136800000000003	15.436	15.653599999999999	15.952800000000003	16.563099999999999	17.173400000000001	17.783699999999996	18.393999999999998	19.004300000000004	19.614599999999999	20.224900000000002	20.835199999999997	21.445499999999999	22.055800000000001	22.6661	23.276400000000002	23.886699999999998	24.497	25.107300000000002	25.717599999999997	26.327900000000003	26.938199999999998	27.548500000000001	28.158800000000003	28.769099999999998	29.3794	29.989699999999996	30.6	0.63342799999999999	0.63550399999999996	0.64175099999999996	0.65223299999999995	0.66705400000000004	0.686365	0.71035899999999996	0.73927900000000002	0.77341599999999999	0.81311100000000003	0.85875699999999999	0.91080099999999997	0.96974199999999999	1.03613	1.11056	1.1936500000000001	1.2860499999999999	1.38836	1.50105	1.62432	1.75745	1.9001300000000001	2.0459000000000001	2.2681499999999999	2.7801	3.2319499999999999	3.66134	4.1089900000000004	3.4063300000000001	3.7032600000000002	4.16378	4.7494300000000003	5.4812500000000002	6.5802699999999996	9.7776200000000006	10.250999999999999	10.459899999999999	10.620900000000001	9.55016	10.3764	11.593400000000001	13.0604	14.7342	16.6645	19.916799999999999	20.315200000000001	20.4773	20.985399999999998	22.424600000000002	24.007200000000001	25.158100000000001	26.251000000000001	27.236499999999999	28.089200000000002	28.835100000000001	29.406199999999998	29.9619	30.529	30.956199999999999	30.09	29.162099999999999	28.0153	26.6799	25.191600000000001	23.612300000000001	21.3843	19.1861	18.2547	17.5901	16.695599999999999	14.907299999999999	13.2331	11.6988	10.334899999999999	9.1508199999999995	8.1282399999999999	7.2387199999999998	6.8516899999999996	6.5844899999999997	6.2352499999999997	5.5685399999999996	4.97438	4.4438899999999997	3.9702099999999998	3.54765	3.1712099999999999	2.8363100000000001	2.6891600000000002	2.5872899999999999	2.4539800000000001	2.2047699999999999	1.9833799999999999	1.7868900000000001	1.6126199999999999	1.4581500000000001	1.3212900000000001	1.20011	1.0928599999999999	0.99800299999999997	0.914192	0.84023899999999996	0.77511099999999999	0.71791000000000005	0.66786199999999996	0.624305	0.58667199999999997	0.55448299999999995	0.52733399999999997	0.50489300000000004	0.48688599999999999	0.47309699999999999	0.46336300000000002	0.45756799999999997	0.45564399999999999	Offset (m)


Uz(mm)




2
