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A study on long-distance evacuation support for residents who need
assistance in evacuation by wheelchair-assisted transportation

Kenichi Tashiro*! and Takao Hashimoto *?

Abstract: In this paper, we specifically examined evacuation transport support for residents in need of
assistance in evacuation at the time of disaster on the current roads in an urban area, assuming
evacuation to a wide area evacuation site with the assistance of a manually propelled wheelchair. The
experiment was carried out by making four laps (total distance 2,184.4m) on a 546.1m course set on the
current roads with ups and downs (longitudinal gradient of 0.25% to 841%). The purpose of this study
i1s to contribute to the formulation of evacuation plans by clarifying the possibility of long-distance
transportation and the transportation speed, the relationship between the road longitudinal gradient and
the transportation speed, etc. regarding evacuation support by manually propelled wheelchairs.
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wheelchairs, the transportation velocity at which evacuation supporters carried residents who

need assistance in evacuation in wheelchairs
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1.8718| 1.5566| 1.5035| 1.6049| 2.4141| 1.5532

FHy| 1.5152] 1.5027

1.4993| 1.4095] 1.4151| 1.5444| 1.3808| 1.3775

95%EFRL E D TIEE] 1.4747| 14165

x-10 [EEH + B ] 4RI SR =

1.1268] 1.2624| 1.3268| 1.4840| 0.3475| 1.2018

204% | 30ft | 404% | 60fE
n 35 8 4 12
n-1 34 7 3 11

TR 0.0121] 0.0024 0.0097| 0.0220

FIREHERZEESD)| 0.1102] 0.0487] 0.0983] 0.1482

EH5-SD| 1.3822| 14749 1.3417| 1.2453

FE£5+SD| 1.6025| 1.5723| 1.5384] 1.5416

FREHE=(SE)| 0.0186] 0.0172| 0.0492| 0.0428

FH-SE| 1.4737| 1.5064] 1.3909| 1.3507

FHI+SE| 1.5110) 1.5408| 1.4892| 1.4362

i (_EMIE3E - 0.025) | 2.032] 2365 3.182] 2.201

95S%EFEX D FFE{E| 1.5302| 1.5643| 1.5965| 1.4876

]| 1.4924| 1.5236] 1.4400] 1.3935

95% 1S FELL AT O> FERME| 1.4545| 1.4829] 1.2836] 1.2993

1.7 4

1.6
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{ { - TFHSD
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513 1 . e
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204t 30T 40t GOfY
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x-11 Hin L ATHEFEORFR (20-697%)

_ 5 i ZE
Fip |HITEE| FiE FITR | FITRE| HiE FITR
(m/s) (cm) | (F#/min) | (m/s) (cm) | CF#/min)
2024 | 146 | 750 116.8 124 | 645 114.9
2529 | 142 | 748 114.7 124 | 613 120.1
3034 | 159 | 744 128.6 120 | 59.1 122.2
3539 | 142 | 716 1182 112 | 598 111.0
40-44 | 137 | 713 116.6 118 | 60.1 118.1
4549 | 138 | 715 116.2 131 58.8 133.6
5054 | 130 | 690 118.5 112 | 581 116.5
5559 | 121 659 109.6 106 | 363 114.2
60-64 | 117 | 644 109.9 099 | 538 110.0
6569 | 106 | 613 101.7 100 | 538 119.2
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1.7 *ﬁ'
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@ HEDORE
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F-12 [HEH] \ZARDHEMIAAC & PRk HEE & OBIFR (m/s)

B
0.25% 14692 |0.1689| 1.3004 | 1.6381 |0.0189| 1.4504 | 1.4881

0.26% 15640 |0.1134| 1.4506 | 16774 |0.0130| 1.5510 | 1.5770
0.35% 14617 ]0.2217] 1.2401 | 1.6834 |0.0254| 1.4363 | 1.4871
0.52% 1.5711 [0.1210| 1.4501 | 1.6920 |0.0139| 1.5572 | 1.5849
0.57% 1.5725 |0.1208| 1.4517 | 1.6933 |0.0139| 1.5586 | 1.5864
1.12% 1.4830 |0.1353| 1.3477 | 1.6182 |0.0151| 1.4679 | 1.4981
1.24% 13014 |0.0942] 1.2072 | 13956 |[0.0105] 1.2909 | 1.3120
2.12% 14748 |0.1194| 13554 | 15943 |0.0134] 14615 | 14882
3.64% 14054 |0.1443] 1.2611 | 15497 |0.0161] 1.3893 | 14216
3.73% 14391 |0.2185] 1.2206 | 1.6575 |0.0251| 1.4140 | 1.4641
3.90% 1.4545 |0.1385| 1.3160 | 1.5930 |0.0155| 1.4390 | 1.4700
5.51% 1.4006 |0.1374| 1.2632 | 1.5380 |0.0158| 1.3848 | 1.4164
5.56% 1.3384 |0.1541| 1.1842 | 1.4925 |0.0177| 1.3207 | 1.3560
6.54% 1.3686 |0.1798| 1.1888 | 1.5484 |0.0201| 1.3485 | 1.3887
8.37% 13345 0.1666] 1.1679 | 1.5010 |0.0191] 1.3154 | 1.3536
8.41% 1.3387 |0.1604] 1.1783 | 14991 |0.0179] 1.3207 | 1.3566

el &&g SD | F#5.SD| F#+SD| SE | F#.SE| Fi+SE

£-13 BT 7OV OB #£-14  Smirnov-Grubbs #5E 12 & 2 /MUED 54T (m/s)
BIE T 7L Bk TRHEH RUEZH| BEVZH | FEE | BOZH [, o
RIE (73 0.5167 0.5134 g T || ZTEE ST St
&I IR TE R 0.4822 0.4787 % EE (TF— %)
= A 0.7188 0.7166 0.25%|  1.4692] 1.5009 0.0317]  0.0317
BEREEERY 0.6944 0.6910 0.26%|  1.5640] 1.5007]  -0.0633] -0.0633

0.35% 14617 1.4988 0.0371] 0.0371
0.52% 1.5711] 1.4951 -0.0759] -0.0759
0.57% 1.5725] 1.4940 -0.0785| -0.0785
1.12% 1.4830] 1.4822 -0.0008| -0.0008

16 — 1.24%|  1.3014] 1.4796 0.1781 0.1781
i 2.12%|  14748] 1.4606]  -0.0142] -0.0142
= 15 | r 3.64%| 14054 1.4278 0.0224]  0.0224
14 A s 3.73%| 14391 14259  -0.0132[ -0.0132
- ey T T N 1 3.90%| 14545 1.4222]  -0.0323| -0.0323
13 i 5.51%| 14006 1.3875|  -0.0132| -0.0132
= 13 BiEOiEREAR e F— 5.56% 1.3384] 1.3864 0.0480] 0.0480
6.54%| 13686 1.3652]  -0.0034] -0.0034
L 8.37%| 13345 13258  -0.0087| -0.0087

10 8.41% 13387 1.3249 -0.0138] -0.0138
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T00% B.00%¥ 9.00%

F-16 [FBIH] 1R 2 MM BL & P sd e & OB (m/s)

R @ﬁég SD | FH#.SD| F#+SD| SE | FH-SE| Fi+SE
0.25% 1.4491 | 0.1967| 12524 1.6458 |0.0311| 1.4180 1.4802
0.26% 1.4950 | 0.1436| 1.3514 1.6386 |0.0227| 1.4723 1.5177
0.35% 13797 |0.1192] 1.2604 1.4989 |0.0189| 1.3608 1.3985
0.52% 1.5003 | 0.1409| 1.3594 1.6412 |0.0223| 1.4780 1.5226
0.57% 1.4892 | 0.1500| 1.3392 1.6391 |0.0237| 1.4655 1.5129
1.12% 1.4252 | 0.1631] 12621 1.5884 | 0.0258| 1.3994 1.4510
1.24% 12223 |0.0906| 1.1317 1.3130 |0.0143| 1.2080 | 1.2367
2.12% 1.4007 |0.1384| 1.2623 1.5390 |0.0219| 1.3788 1.4225
3.64% 13169 |0.1459| 1.1709 1.4628 |0.0231| 1.2938 1.3400
3.73% 1.4094 | 0.1665| 1.2429 1.5759 |0.0263| 1.3831 1.4357
3.90% 1.3654 | 0.1571| 1.2083 1.5225 |0.0248| 1.3405 1.3902
5.51% 13346 |0.1755] 1.1591 1.5101 |0.0277| 1.3069 1.3623
5.56% 12470 | 0.1648| 1.0822 1.4118 |0.0261| 1.2209 1.2730
6.54% 1.2576 | 0.1857| 1.0719 1.4433 |0.0294| 1.2282 1.2870
8.37% 1.2444 | 0.1978| 1.0466 1.4423 [0.0313| 1.2131 1.2757
8.41% 12443 | 0.1763| 1.0681 1.4206 |0.0279| 1.2165 1.2722
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F-17 [EHGEH + I RS HETA R & PI9iksd g & OBfR (n/s)

R

15

WRSTAEE | n o | SD | F¥9-SD| F9+SD| SE | F19-SE| FiI+SE
-8.41% 1.5772 | 0.1726| 1.4046 | 1.7498 | 0.0160| 1.5612 | 1.5932
-8.37% 1.5143 | 0.1647| 1.3496 | 1.6791 |0.0150| 1.4993 | 1.5294
-6.54% 1.6085 | 0.1877| 1.4208 1.7962 | 0.0174| 1.5911 | 1.6259
-5.56% 1.5059 |0.1731| 1.3328 1.6790 |0.0158| 1.4901 1.5217
-5.51% 1.5512 ] 0.1595]| 1.3917 1.7107 | 0.0146| 1.5367 | 1.5658
-3.90% 1.6459 |0.1454| 1.5005 1.7913 | 0.0135]| 1.6324 | 1.65%4
-3.73% 1.4844 |0.1728| 1.3116 | 1.6572 | 0.0158 | 1.4687 | 1.5002
-3.64% 1.5038 | 0.1898| 1.3140 | 1.6936 |0.0176| 1.4862 | 1.5214
-2.12% 1.5204 | 0.1374| 1.3830 | 1.6578 |0.0128| 1.5076 | 1.5331
-1.24% | 12874 |0.1223| 11651 | 14096 |0.0114| 1.2760 | 1.2987
-1.12% 1.5813 |0.1430| 14384 | 1.7243 | 0.0133| 1.5681 | 1.5946
-0.57% 1.5184 | 0.1349| 1.3835 1.6532 | 0.0123| 1.5061 | 1.5307
-0.52% 1.5539 |0.1369| 14170 | 1.6908 | 0.0125] 1.5414 | 1.5664
-0.35% 1.4784 | 0.1349| 1.3434 1.6133 | 0.0123 | 1.4660 | 1.4907
-0.26% 1.5405 |0.1332]| 1.4073 1.6738 | 0.0122 | 1.5284 | 1.5527
-0.25% 1.4623 | 0.1341| 1.3282 1.5963 | 0.0124| 1.4498 | 14747
0.25% 1.4625 | 0.1780| 1.2845 1.6406 | 0.0163 | 1.4463 | 14788
0.26% 1.5402 | 0.1283]| 14119 | 1.6686 |0.0119] 1.5283 | 1.5521
0.35% 1.4334 10.1960| 1.2375 1.6294 | 0.0182] 1.4152 | 14516
0.52% 1.5467 |0.1320] 1.4147 1.6786 | 0.0123 | 1.5344 | 1.5589
0.57% 1.5438 | 0.1368| 1.4069 | 1.6806 | 0.0127| 1.5311 | 1.5565
1.12% 1.4637 |0.1470| 1.3167 1.6108 |0.0134| 14503 | 14771
1.24% 1.2751 |0.0999| 1.1752 | 1.3750 | 0.0091| 1.2659 | 1.2842
2.12% 1.4501 |0.1303| 1.3198 1.5804 | 0.0119| 1.4382 | 14620
3.64% 1.3759 |0.1502| 1.2257 1.5261 | 0.0137| 1.3622 | 1.3896
3.73% 1.4288 | 0.2018| 1.2270 | 1.6306 | 0.0187| 1.4101 | 1.4476
3.90% 1.4248 |0.1503| 1.2745 1.5751 |0.0137] 1.4111 | 1.4385
5.51% 1.3778 | 0.1541] 1.2237 1.5320 | 0.0143 | 1.3635 | 1.3922
5.56% 1.3068 | 0.1631| 1.1437 1.4700 |0.0151| 1.2917 | 1.3220
6.54% 1.3316 | 0.1885| 1.1431 1.5201 |0.0172] 1.3144 | 1.3488
8.37% 1.3034 | 0.1823] 1.1212 1.4857 |0.0169| 1.2865 | 1.3203
8.41% 1.3072 | 0.1710| 1.1362 | 1.4783 | 0.0156| 1.2916 | 1.3228
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