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Dealing with the Rigidity of a Steel Pier when Formulating
a Grillage Girder Analytic Model
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Summary

In analyzing a bridge through a model of its plane (two dimensional) framework, there are cases where more
reasonable results are obtained if a grillage girder borne by T-piers is analyzed by taking into consideration the
deformation of beams and columns. Therefore, a comparison was made between two models of three-span
continuous box girder bridges, each with a RC slab deck, which differed in the form of their piers and the span
length of the bridge. This was done to understand the extent to which differences between them influence the stress
resultants of their main girders; to learn about the effectiveness of considering the pier spring; and to discover what
effects the strain of rubber bearings have on a bridge. This paper reports the comparison and the result of analysis,
and is intended to serve as reference material for future design work.
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£—2 OTYPE—I A BXHERETIL

BE-DH (mm)
A1—P1 P1 P1—P2 P2 P2—A2
REE| PHE] & H | RhE | 2RE| 2 o | RAE | ShE| & o | Ree | e | & & e ame | & &
G1| 165.7 75.0 240.7 0.0 0.0 0.0 16.5 61.8 78.3 0.0 0.0 0.0 159.7 71.0 230.7
G2 | 157.2 66.2 223.3 0.0 0.0 0.0 14.7 56.7 71.3 0.0 0.0 0.0 1555 64.5 220.0
G3 | 154.1 65.8 219.9 0.0 0.0 0.0 15.5 57.0 72.4 0.0 0.0 0.0 154.3 64.6 218.8
G4 | 156.0 72.0 227.9 0.0 0.0 0.0 19.5 62.7 82.1 0.0 0.0 0.0 157.2 71.2 228.4

B’ A (tF)
AT—P1 Pl P1—P2 P2 P2—AZ
e | 2E | & M | he | SRE| & M | AhE | smeE| B B | Khe | ame| 5 B ke | ame| & &
G1 = = 0.0 696.1 291.2 987.3 = = 0.0 629.0 263.4 892.4 - - 0.0
G2 = = 0.0 459.8 202.8 662.7 - - 0.0 473.2 202.7 675.9 - = 0.0
G3 - - 0.0 450.6 203.0 653.6 = - 0.0 446.9 201.5 648.4 = £ 0.0
G4 - — 0.0 615.6 264.1 879.6 = = 0.0 621.1 263.6 884.7 - - 0.0
B FE—AVb (tf-m)

A1—P1 P P1—P2 P2 P2—A2
REE | sHE| & | hE [ shE| B o | RhE | sne| & & [ RmE | ame| & & |tme [ amE]| & &t
G1| 2663 | 1390 | 4054 | -3495 | -1332 | -4827 | 822 | 953 | 1774 |-3149 | -1185 | -4334 | 2408 | 1222 | 3630
G2 | 2227 | 1081 | 3308 | -2552 | -874 | -3425 | 679 | 768 | 1447 |-2527 | -867 | -3394 | 2127 | 1013 | 3140
G3 | 2113 | 1038 | 3151 | -2488 | -866 | -3353 | 681 772 | 1453 | -2467 | 861 | -3327 | 2149 | 1030 | 3180
G4 | 2285 | 1211 | 3496 | —3085 | -1184 | —4268 | 810 | 943 | 1753 | -3105 | -1185 | -4290 | 2340 | 1209 | 3549

*£—3 @QTYPE—3:AH BHETILL

ABT-DH (mm)
A1—P1 P P1—P2 P2 P2—A2
REE|2RE |2 H | REE 2622 H | AnE | 2me] B i | AhE | she| 5 o [ me [ ame|a &t
G1] 1726 83.8 256.5 5.6 18.7 243 21.6 67.8 89.4 10.2 21.3 31.5 165.8 80.1 245.9
G2 | 161.0 68.6 229.6 -0.7 4.7 4.0 18.0 58.1 76.1 0.7 6.3 6.9 158.7 66.9 225.5

G3 | 1569 | 67.7 | 2246 2.0 75 9.6 20.3 59.3 79.6 0.1 6.3 6.4 1565 | 66.9 | 2234
G4 | 1596 | 79.4 | 2390 | 13.9 22.9 36.8 29.0 70.7 99.7 8.6 215 30.1 160.4 | 80.4 | 2407
R A (t)
A1—P1 P1 P1—P2 P2 P2—A2
REE | 2Rs |2 N REE [262]28 i | RRE | ihe|& i | AhE [ eRE| & B | me [ are | & &
G1 - - 0.0 622.2 | 251.0 | 873.2 - - 0.0 | 5404 | 220.7 | 761.0 - - 0.0
G2 - - 0.0 5424 | 2242 | 766.6 - - 0.0 558.6 | 227.0 | 785.6 - - 0.0
G3 - - 0.0 539.7 | 229.2 | 768.9 - - 0.0 | 5303 | 2262 | 756.6 - - 0.0
G4 - - 0.0 5175 | 2169 | 734.4 - - 0.0 | 540.7 | 221.9 | 762.7 - - 0.0
B (FE-AVh (tf-m)

AT—P1 P1 P1—_P2 P2 P2—A2
REE [ ERE|2 N |XGEE [shE|2 M | AAB|[2AE| & M [ AL | snE| & B | Ane|[Zas] & &
G| 2636 | 1385 | 4021 | 3352 | -1251 | -4603 | 796 | 952 | 1747 |-2923 | -1089 | -4012 | 2392 [ 1218 [ 3610
G2 | 2249 | 1086 | 3334 | -2761 | 931 |-3692 | 710 | 773 | 1483 |-2720 | -919 | -3639 | 2147 | 1018 | 3165
G3 | 2138 | 1044 | 3183 | 2677 | —917 |-3594 | 712 | 778 | 1490 |-2665 | -915 | -3581 | 2170 | 1035 | 3205
G4 | 2272 | 1209 | 3481 | -2812 | 1066 | —3878 | 789 | 942 | 1732 | -2924 |-1096 | -4020 | 2322 | 1206 | 3527

x—4 QTYPE—4:AH IIKEETIL

BE-DHA (mm)
A1—P1 P1 P1—P2 P2 P2—A2
RE | EHE| B M |RHE | ErE| & B |k | SrE]| & i |Rhe | sme] & B | he [ srE] & &
G1| 1768 — — 5.2 = = 23.5 = = 13.1 = = 167.6 - -
G2 | 164.6 — = 0.6 = = 20.6 - - 3.3 = — 162.1 - -_
G3 | 1578 — — 4.2 — = 22.4 — — 1.8 — —_ 159.8 = —
G4 | 155.9 = — 15.6 = = 28.2 — — 8.5 = = 161.8 = =
&= A (t)
AT—P1 P P1—P2 A P2—A2
- RHE e | & B e | SrE]| & & | RrE | she| & of | the | Ehe| & & | e [ ame] & &t
= = — (6167 | — = — = — 5810 | — = = = =
G2| — = — 54714 | — = = = — (572 | — = = = =
Ga| -— = — 574 | — = = = — 5467 | — = = = =
Ga| — = — 5110 | — = = - — [5216 | = = = = =
B TE—AVh (tf-m)
AT—P1 P P1—P2 P2 P2_A2
RAE | eHE | B M |AHE | e & o |RhE [ She]| & i |He | are] & o | hHe [ak & &t
G1| 2611 — — -3252 = = 772 — = -2950 = = 2376 — —
G2 | 2238 = — -2803 — — 691 — — -2783 — — 2141 — —
G3 | 2132 — - -2755 — — 695 — — -2712 — — 2168 — —
G4 | 2256 — — —-2888 — = 761 — - -2892 — — 2308 — —
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£—5 OTYPE—2:AH TLIAETIL
SRET-D& (mm)
A1—P1 P1 P1—P2 P2 P2—A2
(EEE[ZHE] & O (RS [EHE| 2 i [ RAE | ERE] & H | RRE[ZRE] 2 H [REE[ZRE]E F
G1]| 1666 | 75.2 [ 241.8 0.8 0.3 1.1 17.1 61.9 79.1 0.8 0.2 1.0 160.5 | 71.2 | 2317
G2| 1579 | 663 | 224.2 0.6 0.2 7 15.3 56.7 72.0 0.6 0.2 0.8 156.2 | 64.7 | 220.9
G3| 1548 | 660 | 2207 0.6 0.2 0.7 16.0 57.1 731 0.6 0.2 0.7 1550 | 64.7 | 219.7
G4 | 156.7 | 72.2 | 2289 0.7 0.2 1.0 20.1 62.8 82.9 0.7 0.2 1.0 1580 | 71.4 | 2294
kA (tf)
A1—P1 P1 P1—P2 P2 P2—A2
R E | ErIE | & B |StE a8 & [ me [ Ehe| & o | heE | shRE]s o | tee | cne] B
G1 - - 0.0 693.7 | 289.4 | 983.2 - - 0.0 627.6 | 2620 | 889.6 - - 0.0
G2 - - 0.0 462.6 | 1996 | 662.2 - - 0.0 4740 | 1995 | 6735 - - 0.0
G3 - - 0.0 4521 | 199.6 | 651.7 - - 0.0 4494 | 1984 | 6478 - - 0.0
G4 — — 0.0 6136 | 2626 | 876.2 - - 0.0 619.0 | 262.2 | 881.2 - - 0.0
B (FE—AVF (tf-m)
A1—P1 P1 P1—P2 P2 P2—A2
RHE | 2HE| & M [RHE [ 2HE| & K [ RHE | shE| & I | AR | sRneEl| & F | RBE] 2628
G1] 2662 | 1390 | 4053 | -3490 | -1330 | -4820 | 821 953 1774 | -3145 | -1183 [-4329 | 2408 | 1222 | 3629
G2 | 2227 | 1082 | 3309 |-2558 | -874 |-3432 | 679 769 1448 | -2530 | -866 |-3396 | 2127 | 1013 | 3141
G3 | 2113 | 1038 | 3152 | -2492 | -865 |-3357 | 681 773 1454 | -2472 | -860 | -3332 | 2150 | 1031 3181
G4 | 2284 | 1211 3494 | -3080 | -1182 | -4262 | 810 943 1752 | -3101 | -1183 | -4284 | 2339 | 1209 [ 3548
£—6 @OTYPE—5:B# BIXRETNL
RET-DH (mm)
A1—P1 P1 P1—P2 P2 P2—A2
®1m & & M e | ShE] B M |kreE | & B | k= L& & | hiE ah a8
G1] 1532 | 858 | 239.0 0.0 0.0 0.0 164.3 | 1031 | 2675 0.0 0.0 0.0 22.7 36.2 58.9
G2 | 1503 | 78.7 | 229.0 0.0 0.0 0.0 162.1 95.2 | 2573 0.0 0.0 0.0 19.9 324 52.3
G3| 1518 | 786 | 2305 0.0 0.0 0.0 164.3 | 955 | 2598 0.0 0.0 0.0 20.3 32.4 52.7
G4 | 157.1 85.9 | 2430 0.0 0.0 0.0 170.2 | 1041 | 274.3 0.0 0.0 0.0 23.2 36.2 59.4
& A (tF)
A1—P1 P1 P1—P2 P2 P2—A2
RE [ ERE| S N RhE [ZRE| & I | RAE | ZRE[ A N [ RAE[SnE| 8 | RAEERE[E W
G1 - - - 779 300 1079 - - - 626 269 895 - - 0
G2 - - = 629 232 861 - - - 490 214 703 - - 0
G3 - - - 623 233 856 - - - 516 215 730 - - 0
G4 - - - 895 352 1247 - - - 646 270 916 = - 0
B (FE— Vb (tF-m)
A1—P1 P1 P1—P2 P2 P2—A2
L EHE| S B |[RAE [2HE]| B M [ RRE| sRE] 8 M | AR | ehe]| & F | REE | 2682 F
G1| 2565 | 1426 | 3990 | -5347 |-1720 [-7067 | 2160 | 1274 | 3434 | -3369 | -1352 | —4721 869 902 1771
G2 | 2501 1285 | 3786 | -4847 | -1372 |[-6219 | 2073 | 1131 3204 |-3020 |-1108 | -4129 | 785 71 1556
G3 | 2557 | 1303 | 3861 | -4925 |-1381 |-6306 | 2098 | 1136 | 3234 | -3110 |-1119 | -4229 | 793 771 1564
G4 | 2651 1442 | 4093 | -5774 | -1813 | -7587 | 2187 | 1263 | 3451 | -3485 | -1364 | -4849 | 892 902 1794
*x—7 @OTYPE—6:B#HE HBHEFIL
BR-DH (mm)
Al—P1 P1 P1—P2 P2 P2—A2
REE[ZRE| L W (RGE [ZRE[E N | RAE|2RE[ S 0 [ RRE[ZRE[ A N [ RAE[ZRE[E &
G1]| 157.4 | 90.7 | 248.0 10.3 16.6 269 | 1595 | 105.6 | 265.0 | -10.0 5.8 -4.2 16.8 36.9 53.6
G2| 1545 | 80.7 | 235.2 0.0 44 44 1685 | 968 | 2653 | -1.2 0.3 -0.9 20.8 32.6 53.4
G3| 158.0 | 80.8 | 238.9 46 5.1 9.6 1843 | 100.0 | 2843 | 17.7 8.2 25.9 30.5 3338 64.3
G4 | 1675 | 91.2 | 258.7 | 255 18.9 444 | 2059 | 1133 | 3193 | 464 20.1 66.5 45.2 40.0 85.1
= A (tr)
Al—P1 P1 P1—P2 P2 P2—A2
RS | e & M |RhE [ ahmE| & M |tme | sme | & & | RAE [ sne| & & | Khe | ame | & &
G1 - - = 557 221 851 - - = 539 236 775 - - 0
G2 - - - 824 295 1120 - - - 611 242 853 - - 0
G3 - - - 872 296 1137 - - - 638 248 887 - = 0
G4 - - - 676 266 676 - - - 485 204 689 - - 0
B [FE—AVh (tf-m)
AT—P1 : P1 P1—P2 P2 P2—A2
R E | SrE] & M e | ame| & B | RhE | eme]| o M | Ahe [ ene| & o | ke [ emE] & &
G1 | 2531 1421 3953 | -4675 [-1508 [-6183 | 2142 [ 1273 | 3414 |[-3252 | -1299 | -4550 [ 823 895 1718
G2 | 2530 | 1293 | 3823 | -5399 |-1523 |-6923 | 2116 | 1137 | 3254 | -3343 |-1193 | -4536 | 813 777 1590
G3 | 2588 | 1311 3899 | -5618 |-1551 |-7169 | 2143 | 1145 | 3288 | -3327 |-1177 |-4504 | 845 781 1626
G4 | 2616 | 1438 | 4054 | 5222 | -1611 | -6833 | 2179 | 1265 | 3444 | -2926 | -1161 | -4087 | 909 903 1812
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