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By Hiroshi MAEDA

This paper presents an empirical formula for RC slab capacity of Transmission Tower
Foundation supported by four piles. More than 100 RC model tests have been carried

out checked by FEM and photoelastic tests.

Findings are as follows :

beam with effective width,

pull-out shear dominates slab failure, slab can be two-way
both magnitude of main reinforcement anchorage and

arrangement of shear reinforcing bars greatly influence slab capacity, and anchor mem-

ber longer than effective length does not work as expected. Furthermore the capacity

has been proposed to be estimated by multiplying punching shear area obtained using

effective length of anchor member and slab thickness and punching shear strength evalu-

ated in this experimental research.
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Table1 Experimental models and results.
load y . comverted | shearing | shear ‘ - Igfi’id failuze | COMpressive convcrled shearing | shear
4 test piece crack maximum e strength | capacity | area strength {f test piece crack maximum e strength ‘capaclty area strength
cr | o ™ fkeferdy | (10| o) | gfont) (| (o (kg/om®)| (1) | (emt) |(kg/ent)
Reinforcement ratio
Ul 1000 s - 6 s | 60 7.3 75| 3-030-ALSS 32.9 | 350 | I 209 4.2 1110 13.6
2| 1-019 55 w6 |1 34 5.0 | 451 116 76| 3-030-AL148 : 40.0 | 1 171 43.3 | esi0 17.3
3| 1-038 7.0 8.0 | — 183 8.3 497 16.7 Shape of anchor member (Truss Lypo) N N . o
4] 1-056 6.0 g9 1 216 9.6 | 451 2.1 77| 2-016-AT30 13.0 | 238 1 zz? '22.2 !8?0 11.9
5y d-om WO 134 | 0| 255 ny | 454 | 22 73“ 2-023D-AT30 S T 197 2.0 ‘712 3.5
6| 1-003 > we | m 199 109 | 454 24.0 79| 2-035-AT30 145 | 25.8 | — 201 257 17: 1.5
7113 s | oass | M| 20 120 | 428 26.7 || 80| 2-035-AT30-D 16.0 ) 278 | — 205 2.5 1895 145
8| 2-000 122l 20 |1 194 1480 8.4 81| 2-035-AT38 4.3 20 | - 198 Z:‘}
9| 2-012 400 140 | — | o285 1131 10.8 || 82| 2-035-AT45 190 | 264 { 199 .5 8 X
10| 2-020 49 sl on 99 1180 . 53| 2-047 ATH0 17.7 | 282 I ,Z,m 127.2 1 15.:
11| 2-023 1.6 19.7 | 1 231 1131 16.1 84| 2-084-AT3 2.0, 30.8 “7 28.9 '7'2? 16.8
12| 2-vz24 30| 194 | 1 70 180 15.2 85| 2-035-AT30-B, 1.8 | 998 | 11 205 s9.3 1;;; Zf.?é
13| 2-035 65| 20| U | = 1131 16.9 | 86| 2-023-AT30-B, 15.5 ) 2.8 | — 209 Tz oy 17 15.8
14| 2-035-1IN 50| o | U 203 |13y 18.3 87| 3-040-AT45 {400 | 520 | w 170 56.4 1 3799 14.8
155 2-047 18.5 | 24.0 255 1131 18.8 Shear reinforcement in truss type w0 | 1 - o v 131
i I e Bl B a8 e B | Eommatie-si0v-2 s | o2re his 216 B 1.
17| 3-000 2.0 29.0 1 243 2090 8.8 89| 2-024-AT30-S10V-1-F o . ‘ . >
18| 3-015 29.8| 381.0 229 2510 1.6 | 9| 2-035-AT30-S10v-2 B, 230 | 45.0 11 209 4.0 282 1187
19| 3-030 37.0 | 39.8 I 244 2510 14.3 91| 3-040 -AT45-S13v-2 48.0 64.0 | 1 184 66.7 4778 14.0
20| 3-040 34.07 40.0 230 2455 15.2 || Anchor member 45" rotated
21| 3-053 wo| 15| m a7 2455 16.7 52] 2-016-AD 13.0 | 200 | 1 225 18.9
22| 3-082 38.0| 420 | W 229 2401 16.4
Anchorage of positive reinforcement Pile head fixed R N
23| 1-019-K, 70| 9.8 28 §.8] 454 | 19 | o3| 1-000-F 5.9 591 206 58 | 660 | 8.8
24| 1 056-B, 50| 13.06 o o] as4 2.2 01| 1-0a7-1 8.0 | 111 | 11 26 10.9 454 2.0
25| 1-037-B, il ns|ou 97 Hal asa 244 05| 2-024-F 17.0 | 17.45] 218 16.7 11092 15.3
26 | 1-036-B, 9.5| 12.5 hol 207 11.7| 454 25.8 Pillar and slab scparated
27 | 2-035-B, 16.4 2.6 I 17 131 92.5 96| 2-023-J 1.3 15.4 iy 179 16.7 1131 14.8
28 | 2-084-B, wol s | o a4 1092 27.9 97| 2-035-J 12.0 19.3 | I 203 19.2 1 11 17.0
29| 2-012 B, 15. . 187 1131 13.7 Wide pillar bottom [
30 | 2-023-B, 15.3 ]23[; n 2?8 1131 7.1 o8| 2B-035 15.0 19.0 | 1L Y 195 19.2 4 1131 17.0
31| 27047 Be 22.0 155 131 22.1 Size of aggregate 25mm ) [ :
32 | 2-035-Bs w0 |0 s 1131 0.8 93] 2-020-Conc 15.0 | 2000 | 1 ,ZOJ 19.9 5 0w 16.7
3| 3-030-B, o | — s 2510 2.8 100 2-035-Conc 16.8 | 21.8 | 1 208 204 | 1131 18.9
34| 3-053-B, > | 8s.0 217 2455 3.2 | Compressive load o |1 s v | e | o1
35 | 3-015-B, 277 w15 | — 147 2510 11.6 101‘ 2-000-C) 1;.0 i 1o 36-1 75;1 47-6
36 | 3-083-B, 34.0 | 61.0 | — 166 2455 27.3 102] 2-0354C) . It - o ? .
57| 3-082-R, 5.0 861 | m | 232 2001 323 | 108] 2-035-C1-1N 2.0 | 8L.s g0 203 o S
98| 301578, 8.6 | 1 228 2510 taa | 104] 2-0354C-AT30 ! 6.0 5 I 204 465 | 122 366
39 ) 37050 -8, 483 [ m | 26 2510 | 18.5 | 105 2-0354C)-AM-S10V-2 | 200 | 45.0 | I 179 476 2332 ;202
40 | 3-053-B, 5.7 | m 241 2455 19.9 | 106] 3-040-CI-ATAS-S13V-2 | ? 103.0 4 m 183 107.7 | 4778 225
Shear reinforcement Large-scale model ] )
41] 2 023-810 V-1 wo| 2.2 | 1 188 1547 13.4 | 107 1/2 model Al 150 ) 255 u 199 | 26 ) 15943 ) 6.
42 e | w0 | 1 150 1547 133 |10g| 1/2 model 52 200 412 1 260 361 22062 | 16.4
3 128 | 24.0 | 1 210 1614 14.5 | jog| 1/2 model 43 480 612 i 260 57 Rl I
4 13.0 | 24.5 | - 197 1547 16.0 110 1/4 model a1 28 40 ¢ 197 ‘f‘“ 2171 st'e
5 S6V 2 12.0 | 23.0 194 1547 150 |np| 14 model g2 g 2 & 1% S B
46| 2-035-810 v 2 15.0 | 23.9 193 1547 15.7 | 112] 1/4 model 43 38 2 198 24|t 218
47 | 2-084-810 v.3 23.0| a7 | W 2% 35,2 | 1502 23.4 || 113| 1/4 modet sed 6 60 w204 59.4 :
48 2-035-AM-S10V-2 B 27.0 | — 203 26.8 | 1547 173 | 114] 1/4 model 468 50 5 - \ 183 519 | 3810 | 18.6
49| 2-035-S10V-2-B, 17.0 ] 108 | — 206 0.3 | 1547 26.1 -
50 { 2-035-510V-2-B, 19.5 | 34.7 | — 210 33.9 | 1547 21.9 (Note 1} Converted capacity is calculated in proportion to square root of
511 2-023-8PI0V-1 15.2 23.5 — 207 23.1 1547 14.9 compressive strength so as to be compared at the strength
52 | 2-035-SP10V-1 20.5 | 29.8 224 28.2 | 1547 18.2 of 220kg/cm?
53| 3-024-810V-1-F 36.1 43.7 235 40.3 | 2603 15.5 L
54 | 3-030-810V-2-B, 375 | s6.0 | 215 54.0 | 3193 16.9 (Note 2} Descriptions of symbols
55 | 3-022-SP10V-1 375 | a5.0 | _ 225 43.4 | 3193 13.6 Ex.1 11-037=(slab thickness index), (reinforcement ratio index)
Dimensions of anchor member, Index — 1, 13em Index =037 0.37%
56 | 1-037-A35023 6.0 11.5 I 212 1.2 493 22.7
57| 1-037-A35032 570 1005 | I 212 10.2 | 497 20.5
58 | 2-000 -A 25023 8.9 8.9 I 199 8.9 1439 6.2 B . .
59 | 2-016-A25023 1271 150 | @ . 140 1181 1.8 Ex.2 : Anchorage of positive reinforcement
60 | 2-016-A35100 wo| 173 | 1 217 16.6 | 1185 14.0 B‘L j le —] [N e :
61 | 2-035-A35100 W3 | 25| oo 224 21.3 | 12 18.9 (no index)
62 | 2-038-A25023 2.0 16.0 | 1 01 16.0 | 1184 13.5 P . NN
63 | 3-030-A30045 w0 | ara | — 203 w1 | 2500 16.8 Ex.3: Shear reinforcement Ex.4 : Truss-type anchor
member-AT3(
Dimensions of anchor-attached plate v : vertical __:.g s ber-AT30
64 | 3-030 - AG1AD 34.0 | 410 | — 207 2377 17.0 !
65 3 016-AG 3.4 202 | — 229 1798 10.5 L’D sp
66 | 3-035-AG 11.0 | 206 | W 206 1718 141
Length of anchor member X
67| 1-000-AL55 175 4. I 199 4.8 607 7.0 Ex. 5 ! Failure mode N3O
68 | 1-038 -AL5S 5.0 201 5.5 455 12.1 [ : Bending failure ‘L
69! LTl 755 8.8 21 8.4 51 18.5 II I Punching Shear failure
70 ~ALSS 14.0 | 16.5 | — 182 17.3 | 1103 15.7 ‘
7 17.0 | 190 | 1 226 17.9 {118 16.0 1l Anchorage failure Ex. 6 : shearing area
72| 2-035-AL18 150 1 19.5 | 11 188 200 | 131 17.8 — : Obscurity Fig. 13
73 2-035-AL210 4.7 19.4 1T 195 18.6 1131 17.3
T4 3-030-ALAL 32.0 | 313 I 216 33.0 2437 13.5
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Fig. 10 Anchor length-proof stress relationship.
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Table3 Comparison of shear capacity formula.

Previous Insufficient anchorage Sufficient anchorage
suggested

method

Av* o* cv* Av o cv

Yield line theory 0.79 0.355 45.2 0.90 0.316 34.9

Moe 1.03 0.139 135 1.35 0.338 25.1
Yan 0.93 0.451 48.7 1.04 0.387 37.1
Blevot 0.88 0.429 48.8 1.01 0.367 36.5
Clark 1.23 0.229 18.7 1.53 0.212 13.9
Obata 0.93 0.451 48.7 1.07 0.388 36.4

(*} Av: average of experimental/calculated
0 ; standard deviation

CV; coefficient of variation (%)
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