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ANEW EVALUATION METHOD ON BEARING CAPACITY FOR NODULAR
CAST-IN-PLACE CONCRETE PILE SUBJECTED TO COMPRESSIVE AND TENSILE LOADS

ABSTRACT

This paper describes an evaluation method on the bearing capacity of knots for nodular
cast-in-place concrete piles subjected to compressive and tensile loads based on full-scale in-situ
piling and loading tests in sandy ground.

Compressive and tensile loading tests on three full-scale test piles were carried out at the ground
of loose and dense sand layers in Osaka, Japan. The diameter of these nodular cast-in-place concrete
piles was 1.0m at general part, and 1.5m at knot. The upper inclined angle of knot was 20 degrees
and the lower inclined angle was 45 degrees. One test pile had its knot located in loose sand layer
(SPT N-values:20), and other two in dense sand layer (SPT N-values:50). As-built of test piles were
examined by ultrasonic probe and confirmed that all piles were constructed precisely. Also no
collapse of ground at knots was observed. At loading test, bearing capacity at knot showed 2.0 to 4.0
times of strength compared to circumferential friction force at general part of the pile.

Empirical formulas to estimate shear resistance of cylindrical area and bearing capacity of ringed
area of knot for nodular cast-in-place concrete pile already exist. However, these formulas do not
correctly reflect the factor of knot configuration to calculate increased bearing capacity by knot on
pile. Therefore, in the view that bearing capacity of knot increases due to the horizontal stress
component transferred from the inclined surface of knot to the ground, a new theoretical formula that
accumulates three force components was established; R, for the shear resistance of cylindrical area,
Ry, for the bearing capacity of ringed area, and R,, for the shear resistance of inclined area due to the
increase of horizontal stress.

The validity of this new evaluation method on the bearing capacity for nodular cast-in-place
concrete pile was examined by comparing calculated values and results of in-situ compressive and
tensile loading tests in sandy ground. The ratio of calculated value to test results stayed among 0.82
to 1.04, accurate approximation was proved.

Further parametric studies on bearing capacities of knot using this new evaluation method have
revealed that the most rational and effective bearing force is given by the following configuration;
20-30 degrees for the upper inclined angle, 45 degrees for the lower inclined angle, and 2.0 to 2.3 for

the ration of knot diameter D,, and general part diameter D;.
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gl& 75 1.0 0.52 0. 40 0.27

10{A| A2 | 16.2 | 1.5(1.0 |55| 23 [0.98(36.4 [3/4¢| 150 |1.4| 75 -N-4Av | 2116 1691 168 257 | 1.31 1615
gl& 75 1.0 0.80 0.08 0.27

O B-1 skBR{A  (HiIEAR AR 0 245§ 5)
9

No. |- [RERIK |HiEEEE| D, | D ¥y | A, ¢ 0 g, | K Ry AT RLE LR VACTE WAl
7 2 NfE R, Ry R, R, v, R,
b @ | @ | m () N/ (N) (N) (N) (N) @ | @) | )
[R/R,I|[Rw/R,I[Rs/R, ]| [Ry/R,]
11| B B-1 9.5 1.5 1.0 [45 50 |0.98|46.6 [3/4¢ 100 2.8 75 N-Av | 4821 3675 690 456 1.51 3192
WL 75 1.0 0.76 0.14 0.15
12| B B-1 9.5 1.5 (1.0 [30] 50 [0.98|46.6 [3/4¢| 100 |2.8| 75« N-Av | 5962 3675 1831 456 1.95 3058
L 75 1.0 0.62 0.31 0.15
13| B B-1 9.5 1.5 (1.0 [20] 50 [0.98|46.6 [3/4¢| 100 |2.8| 75« N-Av | 6907 3675 2776 456 2.59 2667
L 75 1.0 0.53 0. 40 0.17
14| B B-1 9.5 1.5 (1.0 [12] 50 [0.98|46.6 [3/4¢| 100 |2.8| 75« N-Av | 7874 3675 3743 456 3.80 2072
L 75 1.0 0.47 0.48 0.21
15| B B-1 9.5 1.5 (1.0 [55] 50 [0.98|46.6 [3/4¢| 100 |2.8| 75« N-Av | 4134 3675 3 456 1.31 3156
i 75 1.0 0.89 0.00 0.21
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N252BENABMICRESLS 2 M ERI NI S, — KB R
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oo J1JE & 45/4=11.25N/mm> & 3+ % & ,B-1 © i & @ & A E 20°,
R 2.5 OB A OR KBEAE D ICE T 2 EHREO D

o

Sl
il

-144-
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otk 7V —hofmHCBE LT, XY 2R
SN TWwWsrREEXNZHWT, K 5.3.4127 3 H XM Iy
HHfEEO=2 Y7 VU —FWhDTHREST S, ©hbb, @K
Ml Iy O b/ W B-1 o i EE A A E 45° O HH KB
Ry(SRp+R(s+R I K L T, IyD W& M & mIC/EMHT 20 EIS
NEXICEDVRELHEABOOTE NN @, & @ ih 1T @ 5 %
Him LV RE2iM T OTE NN @d/NE W% @uax & L
THHLEKRST ., UFICEx0HEXZTRT.

O AHOTE LM

qu:Tsu' lN‘ 77:‘DS o . o o . o (51)
2T, oty - HABOOHE RIS S E (KN/m?)
Iy : EEXHE (m)
D, : & (m)

@ d o E R

qu: Tfu' IN. T DS . . . . . . (5.2)
22T,y PO E AR A E (KN/m?)
Qmax:min(qua qu) o0 2 (5.3)

Eiix, AR OBRFTEZ R LEDL O TH DD, gl #k & KZ
BWTbRAKEOFETHEB T 2. 35121, @#H 0K
a7 U= FOMACETLZFEMEEL RL TV D.

£ 5353 ERoBEERNICKD B-1 i EAAHE 45°0
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kb E, RN 2.5 O E R, X T D Quax P N
1.0~1.1 &R EN /PSSR, EEE 25U E0oBKIETHAH
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F& 5.3.1 LA L HMMER D 0K (0=20°)

(ERR A AR E T 5)
o o [stsr) B 1D, | oy [BEL 0 \TEN 4, e | 0 | e | K B i AR 50 5

{ P R, Ry R R, v, R,

@ | @ | m (o) (N/m’) (N) (kN) () & [ @) (N/m)
(Ry/Ry ] |[Rw/R,I|[Ris/RyI| [R,IR,]

1A A-1 | 31.23.00[1.0 [3.0 [20.0 | 44 [6.28 |44.7 [3/4¢| 300 |0.5| 36291 |20724 | 15099 | 468 22.2 1632
gl & 1.0 0.57 0.42 0.01

2| Aa| A-1 [31.2]3.00|1.2 | 2.5 |20.0 | 44 |5.93 [44.7 |3/4¢| 300 |0.5| 34321 | 19584 | 14269 | 468 21.7 1579
Gk 1.0 0.57 | 0.42 | 0.01

3|Aaf A-1 [31.2]3.00|1.5 | 2.0 |20.0 | 44 |5.30 [44.7 |3/4¢| 300 |0.5| 30694 | 17486 | 12740 | 468 20.5 1496
gl & 1.0 0.57 0.42 0.02

4|Aa| A1 [31.2]3.00/2.0 | 1.5 [20.0 | 44 |3.93 |44.7 |3/4¢| 300 |0.5| 22858 | 12953 | 9437 468 17.2 1328
Gk 1.0 0.57 | 0.41 | 0.02

5|A| A-1 [31.2]3.00|2.5 | 1.2 [20.0 | 44 |2.16 |44.7 |3/4¢| 300 [0.5| 12782 | 7124 | 5190 468 11.6 1100
gl & 1.0 0.56 0.41 0.04

6|A| A-1 [31.2]3.00(3.0 | 1.0 | 0.0 | 44 |0.00 |44.7 |3/4¢| 300 [0.5| 468 0 0 468 3.5 133
5l & 1.0 0.00 | 0.00 | 1.00

© A2 AR (EREEZZEHRLT D)

NPT ol N 2 Rl I ol I IO A P RN Wl USRS S 510
{ P R, Ry R R, v, R,
@ [ @ | m o) (/') (kN) (kN) (kN) @ [ @) (N/m)
(R,/R,] |[Rw/R,I|[Rs/R, ]| [R,/IR,]
7|a| A2 [16.2]3.00/1.0 | 3.0 [20.0 | 23 |6.28 |36.4 |3/4¢| 150 |1.4| 18127 | 10833 | 6634 660 22.2 815
5l& 1.0 0.60 0.37 0.28
8|Aa| A2 [16.2]3.00/1.2 | 2.5 [20.0 | 23 |5.93 |36.4 |3/4¢| 150 [1.4| 17166 | 10237 | 6269 660 21.7 790
gl & 1.0 0.60 0.37 0.28
9|a| A2 [16.2]3.00/1.5 | 2.0 [20.0 | 23 |5.30 |36.4 |3/4¢| 150 |1.4| 15397 | 9140 [ 5597 660 20.5 750
5l & 1.0 0.59 | 0.36 | 0.22
10A| A2 | 16.2[3.00[2.0 [1.5 [20.0 | 23 [3.93 |36.4 [3/4¢| 150 |1.4| 11577 | 6771 | 4146 660 17.2 673
5l & 1.0 0.58 | 0.36 | 0.21
1A A2 | 16.2[3.00[{2.5 [1.2 [20.0 | 23 [2.16 |36.4 [3/4¢| 150 |1.4| 6664 | 3724 | 2280 660 11.6 574
gl& 1.0 0.56 0.34 0.20
12| A A2 | 16.2[3.00({3.0 [1.0 | 0.0 | 23 [0.00 |36.4 [3/4¢]| 150 |1.4| 660 0 0 660 3.5 187
5l & 1.0 0.00 | 0.00 | 0.20
© B-1 #HEufk (EREELEHETD)
TN PR el IR T Kl I ot I IO B R S FF B AL (B 8 54770
’}f P R, Ry | Ra R, v, R,
@ [ @ | m (o) (N/m’) KN &N KN) &) | ) N/
(R,/R,] |[Rw/R,I|(Rs/R,|[R,/R,]
13[B| B-1 | 9.5 [3.00[1.0 [3.0 [20.0 | 50 [6.28 |46.6 [3/4¢| 100 |2.8| 42250 |[23550 | 17788 | 912 22.2 1900
L 1.0 0.56 | 0.42 0.23
14[B| B-1 | 9.5 [3.00[1.2 [2.5 [20.0 | 50 [5.93 |46.6 [3/4¢| 100 |2.8| 39976 |22255 | 16809 | 912 21.7 1839
L 1.0 0.56 0.42 0.23
15(B| B-1 | 9.5 [3.00[1.5 [2.0 |[20.0 | 50 [5.30 |46.6 [3/4¢| 100 |2.8| 35791 |[19870 | 15008 | 912 20.5 1744
L 1.0 0.56 | 0.42 0.15
16(B| B-1 | 9.5 [3.00[{2.0 [1.5 |20.0 | 50 [3.93 |46.6 [3/4¢| 100 |2.8| 26748 |14719 | 11117 | 912 17.2 1554
L 1.0 0.55 0. 42 0.13
17(B| B-1 | 9.5 [3.00[{2.5 [1.2 [20.0 | 50 [2.16 |46.6 [3/4¢| 100 |2.8| 15122 | 8095 | 6115 912 11.6 1301
L 1.0 0.54 | 0.40 0.12
18[B| B-1 | 9.5 [3.00[{3.0 [1.0 | 0.0 | 50 [0.00 |46.6 [3/4¢| 100 |2.8] 912 0 0 912 3.5 258
L 1.0 0.00 0.00 0.12
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& 5.3.2 R EEHBEB N % (6=30°)
© A1 RBrE  (EREEEEHET D)
o [toik| e | D, | D, |mremse| 0 |TE A4, | o | 0 |0 | K HEA A (B B )
i z R, Ry Ry R, V., R,
@ | @ | @ () (KN/m?) (kN) (kN) (kN) (kN) () (KN/m)
[R,/R,] | [Rw/R,]|[R/R,]| [R/R,]
1a] a1 | 312 |3.0001.0 | 3.0 [30.0 | 44 |6.28 |44.7 [3/40| 300 |0.5]| 31386 | 20724 | 10194 | 468 | 15.3 2047
EIE 1.0 0.66 | 0.32 | o0.01
20a| a1 | 312 [3.0001.2 | 225 [30.0 | 44 [5.93 [44.7 [3/4¢| 300 |0.5| 20686 | 19584 | 9634 168 | 15.0 1980
gl & 1.0 0. 66 0. 32 0.02
3|al a1 | 3.2 (3.0001.5 | 20 [30.0 | 44 [5.30 [44.7 [3/4¢| 300 |0.5| 26555 | 17486 | 8602 468 | 14.2 1865
gl & 1.0 0. 66 0. 32 0.02
a|Aal a1 | 312 [3.0002.0 | .5 [30.0 | 44 [3.93 [44.7 [3/4¢| 300 |0.5| 19792 | 12953 | 6371 168 | 12.1 1630
EIE 1.0 0.65 | 0.32 | o0.02
50a| a1 | 312 [3.0002.5 | 1.2 [30.0 | 44 |2.16 [44.7 |3/4¢]| 300 |0.5| 110906 | 7124 | 3504 168 8.7 1281
ElE 1.0 0.64 | 0.32 | o0.04
6|Aa| a1 | 312 (300030 1.0 |00 | 44 [0.00 [44.7 |3/4¢]| 300 |0.5| 468 0 0 1468 3.5 133
gl & 1.0 0.00 0. 00 1.00
© A2 HBrk  (EREEEEHKET D)
ooy st vk | D, | D fmmise| o |TH A, | o | 6 | o | K HEy WS 7 P R4
i 2 R, Ry R R, Va R,
™ | @ | m () (KN/nr') (kN) «N) &N) (kN (m) (N/m')
[R,/R,)|[Ruw/R,]|[R/R,]| [Rs/R,]
70a| a2 | 16.2 [3.00{1.0 | 3.0 [30.0 | 23 [6.28 [36.4 [3/4¢| 150 |1.4| 16341 | 10833 | 4848 660 | 15.3 1066
Bl 1.0 0.66 | 0.30 | o0.28
s|al a2 | 16.2 (300012 |25 [30.0 | 23 [5.93 [36.4 [3/4¢| 150 |1.4| 15478 | 10237 | 4581 660 | 15.0 1033
EIE 1.0 0.66 | 0.30 | o0.28
9 Al a2 | 16.2 [3.0001.5 | 220 [30.0 | 23 [5.30 [36.4 [3/4¢| 150 |1.4| 13891 | 9140 | 4090 660 | 14.2 975
gl& 1.0 0. 66 0. 29 0.22
10 A A-2 16.2 |3.00|2.0 1.5 30.0 23 13.93 |36.4 |3/4¢| 150 |1.4]| 10460 6771 3030 660 12. 1 862
gl& 1.0 0. 65 0. 29 0.21
111 A A-2 16.2 [3.00|2.5 1.2 30.0 23 12.16 |36.4 |3/4¢| 150 |1.4| 6050 3724 1666 660 8.7 699
EIE 1.0 0.62 | 0.28 | 0.20
12|a] A2 | 16.2 |3.00{3.0 | 1.0 [0.0 | 23 |0.00 |36.4 |3/40| 150 |1.4]| 660 0 0 660 3.5 187
ElE 1.0 0.00 | 0.00 | 0.20
© B-1 #HEik  (EREELHET D)
No|, [ i | D, | D, (iese| 0 Tl e | o e |k RS W (R B B
’; 2 R, Ry Ry R, V., R,
™ | m | @ () (N/m?) (kN) (kN) (kN) (kN) () (KN/m)
[(R,/R,J | [Rp/R,]|[R/R,]| [Ry/R,]
13|B| B-1 | 9.5 [3.00{1.0 | 3.0 [30.0 | 50 |6.28 |46.6 [3/4¢| 100 |[2.8| 36198 | 23550 | 11736 | 912 |15.3 2361
L 1.0 0.65 0. 32 0.23
14| B B-1 9.5 3.00]1.2 2.5 30.0 50 |[5.93 [46.6 [3/4¢| 100 |2.8| 34257 22255 11091 912 15.0 2285
L 1.0 0. 65 0. 32 0.23
15[B| B-1 | 9.5 [3.00{1.5 | 2.0 [30.0 | 50 {5.30 |46.6 |3/40| 100 |2.8] 30685 | 19870 | 9902 912 | 14.2 2155
L 1.0 0. 65 0.32 0.15
16[B| B-1 | 9.5 [3.00{2.0 | 1.5 [30.0 | 50 [3.93 |46.6 |3/40| 100 |2.8] 22966 | 14719 | 7335 912 | 12.1 1892
ELD) 1.0 0. 64 0.32 0.13
17| B B-1 9.5 3.00(|2.5 1.2 30.0 50 [2.16 [46.6 [3/4¢| 100 |2.8| 13042 8095 4034 912 8.7 1506
L 1.0 0. 62 0.31 0.12
18| B B-1 9.5 3.00(3.0 1.0 0.0 50 [0.00 [46.6 [3/4¢| 100 |2.8 912 0 0 912 3.5 258
L 1.0 0. 00 0. 00 0.12
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Y

& 5.3.3 ALK EEEEI S OREK (0=45°)
O A1 HBK  (ERIEEZEHRETD)
No.| 4 [FABR (R EE| D, | Dy (IR € ;1? A4, ¢ 0 o' 5 ERVRLN e F B W)
1 P R, Ru Re R, v, R,
@ | @ | () (N/m) (N) (N) (N) (N) () (N/m)
[R,/R,]|[Rw/R,]|[R/R,]| [Rs/R,]
1|A] A-1 | 31.2 {3.00{1.0 | 3.0 [45.0 | 44 |6.28 [44.7 [3/4¢| 300 25359 | 20724 4167 468 10.3 2452
gl& 1.0 0.82 0. 16 0.02
2| A| A-1 [ 31,2 [3.00[1.2 | 2.5 [45.0 | 44 [5.93 |44.7 [3/4¢| 300 23990 | 19584 | 3937 468 10.2 2364
gl & 1.0 0.82 0.16 0.02
3|A| A-1 | 31.2(3.00{1.5 | 2.0 |45.0 | 44 |5.30 |44.7 |3/4¢| 300 21469 | 17486 3515 468 9.7 2209
gl& 1.0 0.81 0. 16 0.02
4| A| A-1 | 31.2[3.00[2.0 | 1.5 [45.0 | 44 [3.93 |44.7 [3/4¢| 300 16025 | 12953 2604 468 8.5 1883
gl& 1.0 0.81 0. 16 0.03
5|A| A-1 | 31.2 |3.00{2.5 | 1.2 [45.0 | 44 |2.16 |44.7 |3/4¢| 300 9024 7124 1432 468 6.5 1388
gl 1.0 0.79 0.16 0.05
6 A| A-1 [ 31.2(3.00[3.0 | 1.0 [0.0 | 44 [0.00 |44.7 [3/4¢| 300 468 0 0 468 3.5 133
gl 1.0 0.00 0. 00 1. 00
© A2 (e a E5E35%)
No o (sl | D, | D, e 0 | T AL | o | 0 | o B WA B 8 )
1 2 R, Ry R R, v, R,
@ | @ | (o) (/) (N) (N) (N) (N) () (N/m)
[R,/R,J |[Rw/R, | [R/R,]| [Ry/R,]
7)A| A-2 | 16.2 |3.00{1.0 | 3.0 [45.0 | 23 |6.28 |36.4 |3/4¢| 150 14004 | 10833 2511 660 10.3 1354
gl 1.0 0.77 0.18 0.28
8| A| A2 [ 16.2 [3.00[1.2 | 2.5 [45.0 | 23 [5.93 |36.4 [3/4¢| 150 13270 | 10237 2373 660 10.2 1307
gl & 1.0 0.77 0.18 0.28
9| Al A-2 | 16.2 [3.00[1.5 | 2.0 [45.0 | 23 [5.30 |36.4 [3/4¢| 150 11919 9140 2119 660 9.7 1226
gl 1.0 0.77 0.18 0.22
100 A A-2 | 16.2 |3.00{2.0 | 1.5 |45.0 | 23 |3.93 36.4 |3/4¢| 150 9000 6771 1569 660 8.5 1058
gl & 1.0 0.75 0.17 0.21
1A A-2 | 16.2 |3.00{2.5 | 1.2 |45.0 | 23 |2.16 |36.4 |3/4¢| 150 5247 3724 863 660 6.5 807
gl & 1.0 0.71 0. 16 0.20
120 A A-2 | 16.2 |3.00{3.0 | 1.0 0.0 | 23 |0.00 |36.4 |3/4¢| 150 660 0 0 660 3.5 187
gl 1.0 0.00 0. 00 0. 20
©B-1 BRIk (IR AELEHEET D)
No oy [ptmeinliives| D, | D, i) 0 [T A | e |6 | o B AL R S )
1 z R, | Ro | Rs | R, | V. R,
™ | @ | m () (N/m') (kN) (kN) (kN) (kN) (o) (N/m)
[R./R,J|[Rw/R,T| [Ry/R,T| [Ry/R,]
13/ B| B-1 | 9.5 |3.00{1.0 | 3.0 [45.0 | 50 |6.28 |46.6 |3/4¢| 100 28881 | 23550 4419 912 10.3 2793
L 1.0 0.82 0.15 0.23
14| B| B-1 | 9.5 |3.00{1.2 | 2.5 |45.0 | 50 |5.93 |46.6 |3/4¢| 100 27343 | 22255 4176 912 10.2 2694
L 1.0 0. 81 0.15 0.23
15/ B| B-1 | 9.5 |3.00{1.5 | 2.0 [45.0 | 50 |5.30 |46.6 |3/4¢| 100 24511 | 19870 3729 912 9.7 2522
L 1.0 0.81 0.15 0.15
16| B| B-1 | 9.5 |3.00{2.0 | 1.5 [45.0 | 50 |3.93 |46.6 |3/4¢| 100 18392 | 14719 2762 912 8.5 2161
L 1.0 0. 80 0.15 0.13
17/ B B-1 | 9.5 |3.00{2.5 | 1.2 |45.0 | 50 |2.16 |46.6 |3/4¢| 100 10526 8095 1519 912 6.5 1619
L 1.0 0.77 0.14 0.12
18/ B| B-1 | 9.5 |3.00{3.0 | 1.0 |0.0 | 50 |0.00 |46.6 |3/4¢| 100 912 0 0 912 3.5 258
L 1.0 0. 00 0. 00 0.12
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PEFE FE & W B oo g ) o B 4R

VR DL/Dy 1.0 | 12 | 1.5 |20 | 25 | 3.0
S i . A-1 0.07 2.61 7.28 17. 38 30.36 | 46.23
Fi BB AR A EE =200
= ;%i%; (N/ 2) A-2 1 0.09 1. 36 3.69 8.72 15. 19 23.09
Eﬁ Ns i B-1 0.13 3.08 8. 52 20. 26 35. 36 53.82
o . A-1 0.07 2.26 6. 30 15.03 26. 26 39. 98
Hi AR A B 0=30°
$;;§ (NX/ 2) A-2 1 0.09 1.23 3.33 7. 86 13.69 20. 82
Ny i B-1 0.13 2. 66 7.31 17. 37 30. 31 46. 11
it i . A-1 0.07 1.84 5.10 12. 16 21.22 32. 30
HiB AL A B 9=45°
$;;§ (NX/ 2) A-2 1 0.09 1. 07 2. 87 6. 75 11.74 17. 84
N i B-1 0.13 2.15 5. 86 13. 88 24.19 36.79
(o) %Eﬁﬁ}# (E,ﬂ%@%ﬁ‘?) A-1 0.02 0. 87 2.43 5.79 10. 12 15.41
( _ :0) - ) / (N/ 2) A-2 0.03 0.45 1.23 2.91 5. 06 7.70
0=20 Ny 3 m B-1 0.04 1.03 2.84 6. 75 11. 79 17.94
0 F.=45 (N/m®) D4 D
11. 25 11. 25 11. 25 11. 25 11. 25 11. 25

RIS IE Fo/4 (N/m?)
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JEBELE Da/Ds 1.0 12 1.5 2.0 2.5 3.0

RIS R, (KN) 1;":1450 910 | 10520 | 18390 | 24510 | 27340 | 28880

FiEE X OMEH FmoE AR | B

OOENT S @, KN) Pl 0 28100 | 33720 | 33720 | 31020 | 28100

0 X ] D s 6 1 957 oD B-1

OCHEIL S @ (kN) 450 0 0 0 | 297670 | 197590 | 154640

HiES DB O FFEE A Wit 7] B-1

@ras =min ( @su,@p) (KN) Py 0 28100 | 33720 | 33720 | 31020 | 28100
O Quux/ R, - 2.7 1.8 1.4 1.1 1.0
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CHIHE BN R, KT AN, RITEATIMEE E R T
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ML, WEMBEOS A, B EMEAAE L 45°T 0 LI

W CcdhsrZ&bBEL T, KX TIE, 20 RM A HHIK

ou o & T L F o R oM E & L Tk, bR oM E

0,;=20° ~30°, FMEA A E 0,=45°NE I T\ 2D & HE T 5.
@. #iHwE D, —EFEL LEXMHTORERKICE T 27 X b

Uy 7 AEF 4 TIid, BHMERLD R, TR 2.6 (i

TR K&V, IEK 1.0 L T 21.2~77.5fFH Kk &<

AR, DEEICKD L, BN RETWIEEDERN &R

D05, dhEs OB A, B L THIK = 7 ) — bicE K&

D ERENERICALZMENAELC DS, WL, HEoa

7 U — MM AHICEBW TS REMECT 7 T — FEEMNB K

hr2MEINELCL. 2 EFREL T, 227 U — bif

EL M R E, T LHEZ2EZERELEBAN 2B 8020,

MR EHMERR D RE TS ERE L TIE, 2.0~2.3

BEICMZ 22X Tbh 5.
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fHif L bm o @ BES DO RFEMEZHEEL L
Ht DO TH D .

AKig X OE [T LT U TOXIITRD.

KM, KXo EMBEICKES T, 3R BRMAEOEKRH
o THBRS I OREMEHE AR 2 ElR L. 8 42RE
Lo BEIEEEARBRO NEX® 20 B EOMMERE & NMER
45~50 BE oW HE & L, S BRI ML 1.0m, H &L
1.5m, & Ff & A 200, & FEMME 45°L L. fd
THBRCTIE, fiffEMOBBICHLL > THREL LML FIEI
Wy T, HiHMoFEBRAE ECEK SN L, WM
AROBTUT, — iR o EhE o A m BB I e T o BB
TN 20~4.0F b ET L LWL L.

FROBH OB HFEENS, BHIEHESL DB HE KT 2 0
M E A s~ ET LI KRKEDESICERT 2 &0
BlEaro, HIHEHEMEDICER T 2BRBCERT L HoS5Y
HWVWILESWT, OHFiH M &Em O ALWE S R, ©H &
RmicEwR T 28RO Kl O XJEEEL D Ry, O H 56 &
mMICHERT2BIRBOMMBOEALKMBER S RyD 3 K45 & B
My s2HicrEFANLTEEXN2MEE L. Tio, L0 HEE
Xz HWEHEH MBS O HEME R, & FERBRLE O X H(H
o R O 20°,45°) o i fir R BRI XD E MW ME OR,D
(R,/R,") 7% 0.82~1.04 &L B BB T 2 2 &6, KiwX TH
KLHEEXND %S %2 BRI L .
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A5°N R T WD LB L, AR E LT 2.0~2.3 8 EIZM
XZHRXRETHDHEEZRD.

UEDo X2 AKmXTE, WEMBICBT 2H —-0HHE
AT 2MoOoBHEER DO FHL-RFMELZBEELZDLOTDH
H. i T EHMBESHBAEEBERS T DM, BiZIX, B 05
T HbIER ~DORMBEZASZOMAEREL L 2.
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i Lk, F#EFHE 1.1 xT 57T —XAFI AVEELHWT,
FLowicHE T oAl ziIT e ns, JLE#ELE 7V 7 va v
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EJEALZT O Z GL-24.7m 2% & L 7= . & F K IC i
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HIXE | ICAT W, BICE W 2R T 2% E O F O BE R F E
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O FHE OO e STEICEEREL L.

e cix, FEFEE 1.2, K 110 R T A X LN T
y POWH EOBMMBAO X ¥ U 7L — 323 a2 M ETAIATY,
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THhex ol BZBAEBR 2830 L 2H 0B - CTHEZE AL
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O EEIC L T WD,
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W, BB R m LG ORERE SR EERSE CH O MHE
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Twvw, LEOREKR %42 CRIKICEBR L TN O L ERMER
DG EE R L.

WAz, Bl (B E, 0OF A %E) 2REBLTWDEM
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e, a2y U —bFHRIEF, —BROGHALHROELFIEE
Tbhby,HEHmrohic L —I —FAEARELTCa Y

FEfFTRLE., 22027 U —FOfTFEITH 40 45 THK 2 7=,
FFE A IO T AR BEEORBRITI% TH Y, %5 L
AR BEFH IR IV K& W & bhhd.

SN

= T

22T, MHEI~30 3HBREKOM TIEICHET D HE AT E R
O TFINE PO ERERFEHREY FRRICE LD TR T

O. Hiftxm ATy y bOFERELE G EMAER YO MHRE.
@. HiHERZERFRT2-2D0LZERMOREE L RZEIR
PR o SE O R

@ . HEmal g THROEE O EWMPEKRSFEBERE L THE
EFEWER IR TWD I & oMR.

WA, fifFE Ao L FNE Yo o L RIS T D
Bz > v Tk~ 3
(1) HEol TEIRIZS W

— A R YRR BT o B TSP yE X, BB P LT, 10cm
BMERESCHE D & TWwad. Thiax LT, # &
KodbMiIZR T LN T, FLAEmICE XD &, #H WiT
DREMWRD R 4y BN/ S W L L H T EA m o R
b, HMAME ~OHVIE (RT7 A4 L5) OHEBENRDRWVEE X
bhad. i, EHELOXE> X, @M xho#w R
%o, W LURIEEZAITVEEBIRDSEETELY RELSF
Izl &, TORHBHEMEICELYE (X7 4 L4) O
PR EFEALERVWZ ERHREINTWND. 2L & B E
LT, @ifof THEEHBEFEER-EREINLTWD.
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(2) ZEWBMEIZDWNT

fii it = AL ofE T FINE ) R EROM BT L, Hh G
BE T3 o fs T FEBE O % v OWS (Obayashi Wet Screen) L
BT ERREHR STV O LRBKORNY v~ — % EIKRM
OP (Obayashi Polymer) 2 &1 Tw 5 °9.
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T8 2 T, ABRK A2 00 TiEIZS W Tl 5. B
O T FIMAIE, KEORK 2.2.3~22.5C7"7FT & 9 IICEH L ~-.
A-2 O Jfi T Ok #IX, Bk B o E mE SRS E2 R R B
SHE WK T AR T Y 7 va Iy NThDH. TN
X, WA BRI R AT SR, WA E S BB O SR
ZFLweEemELT, 2270 —bOHERKEFMT 2 0T
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ROE L, B E I OH o 52T % ISAT o 7oL 8B SRR o S 8 E (4t
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ME AL E LY 300mm 2 EHE < L GL-11.0m & L 7=

Iz 7 =
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MU, &EHmrITHFET THRIL, FFHZHIOBEMBKRD
DN & R L.

a7 U — MIFTRMICE, BHEE - TERLZZER
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7. a7 U — MO RIITH 90 4 TR . FE IR IC R
TOHRBEEOFE I I0%BEE TH > 7. A-2 O FHH B K
ORI X, R LA o S NE 20 B E O WV H g
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Zx b b.

S

-165-



2.1 7V 7 va Aoy b

5 K

-166-



fTEI3 HEAKOKEIE (HAAHER B-1)

ff# 3 Tlx, RBIE B-1 o TiEIICHS W TS, &K
O TFMWEIXT, AEOK 2.2.3~22.5 77T Ko FEHEL .
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TFIHERETL, &EHFrToh i bl —I —F 2 FHEL
a7 U —FrEFFLE. =207 0 —bFOHFEFH 60 45T

AT, EAEBECH T2 BEEOHERIT 3% TH DV,
Ko TRERRPFEER LD KTV ERnbnb.

fFEHE 3.1~3.11 1%, B-1 ® - #HoOf L FIEZ F D7D
D TR T
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