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2. Actual Measurement of Load Acting on Frame Type Shoring

by Katsunori OGAWA*, Yoshimasa KAWAJIRI* and Kinichi KINOSHITA*

Abstract; On concrete works of bridges, many types of shoring have been widely used, such as the
frame tpye, built-up post type and steel H type. On designing of these shorings, it is necessary
to make clear the substitute forces and horizontal substituting forces. But the standards has not
been clearly established present, and hence there are many cases in which the substitute forces
aren’t fully considered at design stage.

" Strength of temporary structures like shorings are usually calculated by simple models, be-
cause of the complexity of the structures.

Comparing them with permanent structures, the construction precision and the joints of
temporary structures aren’t perfect, and there were some cases of collapse accidents in which
the causes had been thought to be derived to these factors.

Therefore, actual measurement on the frame type shoring was carried out to clarify the
calculating method of forces liberated to each member, and to determine the values of substitute
forces due to site work activities. This measurement was conducted at the costruction site of
Tokyo Bay side high way in Ogishima, Kanagawa prefecture.

This actual measurement was carried out to investigate axial forces and deformations of some
parts of the shoring a week after concrete placing. After the measurement, the measured values
were compared with the theoretically calculated values, examining from the stand point of safety
design and construction works.

The results from this actual measurement and calculation are summarized below;

(1) Axial forces acting on supports vary in a wide range, and it was found that they had
acted on some supports locally.

(2) There were some supports of which measured values were 2.5 times as large as to the
calculated values or exceeded the permissible compressive strength.

(3) Substitute forces due to site work activities also concentrated locally, and it was found
that they should be estimated as to 350kgf/ m?. .

(4) Axial forces acting on joints and braces, vertical and horizontal displacement of shorings
were measured small, and the influence of temperature change on axial forces were also estimated
to be small.

Keywords; Frame type shoring, Actual measurement, Substitute forces due to site work activities,

Concrete placing, Temporary structure.

* KRB FEE Construction Safety Research Division, **ff& Director General



Frame tyep shoring 7

RAEXERBRETRT

Photo 1

21 L&

BEENa 7)) — P IEICBWTIE, HE%E
R, MR, HEBHZERS L CEXHRERE
DRBFRIMZHRIPERHIN TS, LS
MORFHZBWT, BEYIREEZRODICLEL
RETHBEKRTES, EEREEOWEICOWTNE
HEDHHFEILI N AREN D 505, TbIZOnTL,
HBRTIIEHEHETHY, o, DT LIEHIN
Twa 3wz {, EBICIE, REFBRECBNTE
BINTWHETH 5,

T, REBEY»—RICERLEEL L >TW
728, fTEETNVORE, FTEHECIBWTLH
AL L TIThNL T\ 3,

SHIT, ~RICEBIRIO L ) LRFEEEWT

(3R AREEY A ASL TRERRATNOMES
PATETHY, INLDRED, EEERDEEN

=Dl ST bDEEX LNEBEHIND B,
ZZTAREHTE, DTORZERREEICLOH
LML, BREPOREMLRETZ T 5 2D EHHE
BRER/OILEEMELTW S,
1) HEDa Y7 ) — MIRIFZBWTIHERS
NPBRIRRETICBWT, ERIIC L 5326, X
PO EMB LURM O, SREHMDIL
T, KRFFEDELMED ZWEET— 5 LHE
RIDFREFETE TTR SN T BE L & i
WP L, BEFEHAIA T ZRRIRITOME
&, TENREEDRAEITI.
2) XRLEHI/ERT 2N DERRFERE LV
RIS DIEMTRER P &, (FEMEENOKE
SDOWEFEIT o

SRR &M FrhIRT s

RIIS-SRR-91

3) —ikic, BRRETOMEIMELS, 2270 —
FoERIZEY), BHFELRER, 2 KN
Whick ), IRINEEEZEL I BZN
PHb, £ I THXELEWORMNFEEIZD
WT HHERT 5,

4) FEROERAREMIE, 27— ot
ELHIRKRBOHELZITLINEEbNS,
CHDEIZOWTIE, IRETHTHMEICS
NTETWEWY, BE LR THILENH
5728, njl, BALEfie TRIRIZONWTY
HEL, BEICLIBBIIOWTEET S,

2.2 EHAE

221 BAEOXNR

BHEBOEN, BHLMOBH2ZIT5H (LT
FREWML), AT T7EOEEYN2 7)) — P THE
BWTEHBRRZRIFERSINSG, RFEETIE, &
CEEBFLIEHNT 2HEFRECEEZ 6N BER
DAy )= MTERIBEZRY, RFITBWTLL
FIHAIN T R BRI 2 RH O
L, TEHEPICH 2 HHERERERE BK44
TITX¥EE P18 BHOAMDZ RO B IRT %3
EL7
222 BRTRIOEE

TEH PI8 BHB L ORI AT OMEE, ik
% Photo 1, Fig. 1 IZ/R ¥, XIELOXKEIIBHEE
W7—F 7 IClHALTLNTED, ZXRIOE
BOLTIRIZLAE v, AXRILIZ, B#% 60cm
EyFT5RBETHALTLINT, ZRNEEHD
ERRE 3, BT E ISR 2 AL
TRbDTHB, 62, XRTOEHN2 7 Y —
MV HBEZIT A2 EE, RROEBAMETH
5728, REDEHAMNDFZE AL TIHEE L
LTw3,
COXGEIOMEOEREIC, KRN LI T RGH
WEICLDBRBPABIUVKREDL &2 2BRICE
BOXECHE, 7, BRRBHANLAKEOLE
BLOTEBRILORERR>TWb, —F, EXED
H%u,i%3/7U—F@LkH£%%iAtL
THE, ZOLICENOEIFAHHDO Y vv X N—2
REETIEEL LTS,
223 ZEROHZE
a. HIEHEBB &L CHEERT

BEEEBLUOREEILUTOEY TH b,



Al R RRETICEET A MEE D £ -13 -

o < 8
S i w2y | Q
%gﬁ (FER 2 4%) TR M (defil sz 42) £N§
IR i
o L “ ;/ P _Xum
. ‘ (]
L A B é%b&xx_b %
KEo% QOO0 1
KON <
(=)
@ 7 sz QMO S
n ugbp 11 |
ﬁgg g —F7 “g}ﬁg:,yyll}__}
1 %el% é.‘H—300><300>;<1o><15
<!i~—~l m‘__J
14000 |
(a) THEATEL A Hm, C-C i LEX
A-A’
BB/
*——2800*1
SRR A AR o
}‘ i \ 3
R
ﬂxt
ZREOPEEH] G S
e 2
I
T 1 <t
i
(X =
1l
iﬁmﬁT%{;-?grﬂ__l

4
i ka7 ) —}

1

B

14000
(b) HEHIFAT L EE

FAR 52 O

00

LD.A_—

|

4400
3400

QS(I];
— 1]

14000

EWEEHRLNER |

g7 -5 7 \\
—450045000‘—1*4500—< S

14000
(€) B, EERUIEEM LS FHE

IR FE 60 X 603
51100 X 100/

au
%é*ﬁi&xma//ZZi/

- d m ]
E E ﬁ Eké‘l 100e>ﬂ<—_,150
] ; (=== 3 |
! i !
1 i i
& | 4 N
+ P 11
5 3 T 5
i Bt b
';CL\D] ii H 41 = :: =
: }E -:—_"_'_..:22 ii i:
- o U | Ny |
M I Iy
nou mn
o (o 4o
N o ‘ i g
= (A N N LA B N
T §o1
._._L_ji . —_— _.}-.i-':: \ J /,_,_.l'.l:__ . __...§_
| 700 | 48 362 | 4o l 790——J

(d) AHSTEHEN

Fig. 1 Outline of the investigated frame type shoring
EH L -RETERX BT RIOBRE



~ 14 - FESEE LWRFT FAIF5eERkE  RIIS-SRR-91
P-56_P-57 P58 Pp.5g P-60 P TS € v —
A IR EERE
P-51 |P-52 P-53 P-54 P-55
st — P-31,36,46,51,56
\P-46,P-47) _ 1P-48)  IP-49| _LP-50
X Ll f_"‘_l.l.'..P:4_2 A_:l_“’li-fs 4P _...<.P'45 a2 P-50,55.60
P-36 [P-37| 42 | p.3g . P39 P-40 r [~ P-35.40.45
I N b s sase
pP.31|pP-32 P-33 P-34 P-35 A1 >< X%‘%
[ ‘4.s ¥
s ~ IN\_P-33,38,43
(@) Hbi * B SEE N e
oWE LAtk < ¢ X\ s
P-26 P-27 P-28 - P-16,21,26
i >< >< P-1,6,11
P-17,22,27
[P-21/P-22| _1P-23] _[P-24] : P-2,7,12
[P-16 P-17( __1P-18) __[P-19] ! >< X/ P-18,23,28
S _— P-11[P-12] P13 [p14 P-38,13
¥ R 1 " P-19,24,29
L6 JPT L P8 L P9 ! >< P-4,9,14
2 P-20,25,30
P-1 {P-2 P-3 - P-5,10,15
A B C D E F G l
BB B @ 5E
(b) & (c)
Fig. 2 Setting point and number of axial force meters on support and accelerations sensors
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Setting point and number of thermal sensors and axial force meters on horizontals and braces
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Table 1 An axial force by the dead load of shoring frame, and others, and concrete weight in concrete placing work,

and their total axial force
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Table 2 Calculated axial force in each post at the final stage of concrete placing
HELEZ a2 - OITHRRTEHICEF25EEN
£E¥ED a7 Y — MTRETE TR PR | XEREE | XERTHX KK T
ZERS | SEEE BRIZEEEIC ITRETR: | RIZFBEEIC TR TR
(m?) | &S (m) |8 (m®)| ER (o) | X280 (o) | WH (6f) | XBHH () | WA ()
1,6’ | 0.450 2.516 1.132 2.66 0.236 2.896 0.347 3.007
1,6 0.199 2.265 0.451 1.06 0.104 1.164 0.153 1.213
2,5 0.354 2.444 0.865 2.03 0.185 2.215 0.273 2.303
3,4 0.194 2.623 0.509 1.20 0.102 1.302 0.149 1.349
7,12 0.241 2.117 0.510 1.20 0.126 1.326 0.186 1.386
8 11| 0.372 2.296 0.854 2.01 0.195 2.205 0.278 2.297
9,10 | 0.241 2.475 0.596 1.40 0.126 1.526 0.186 1.586
13,18 | 0.241 1.970 0.475 1.12 0.126 1.246 0.186 1.306
14,17 | 0.372 2.149 0.799 1.88 0.195 2.075 0.278 2.167
15,16 | 0.241 2.328 0.561 1.32 0.126 1.446 0.186 1.506
19,24 | 0.241 1.823 0.439 1.03 0.126 1.156 0.186 1.216
20, 23 | 0.372 2.002 0.745 1.75 0.195 1.946 0.278 2.037
21,22 | 0.241 2.181 0.526 1.24 0.126 1.336 0.186 1.426
25,30 | 0.241 1.676 0.404 0.95 0.126 1.076 0.186 1.136
26,29 | 0.372 1.855 0.690 1.62 0.195 1.815 0.278 1.907
27,28 | 0.241 2.034 0.490 1.15 0.126 1.275 0.186 1.336
31,36 | 0.241 1.528 0.368 0.87 0.126 0.996 0.186 1.056
32,35 | 0.372 1.707 0.635 1.49 0.195 1.685 0.278 1.777
33,34 | 0.241 1.886 0.455 1.07 0.126 1.196 0.186 1.256
37,42 | 0.241 1.381 0.333 0.78 0.126 0.906 0.186 0.966
38,41 | 0.372 1.560 0.580 1.36 0.195 1.555 0.278 1.647
39,40 | 0.241 1.739 0.419 0.98 0.126 1.106 0.186 1.166
43,48 | 0.132 1.268 0.167 0.39 0.069 0.456 0.102 0.492
44, 47| 0.204 1.447 0.295 0.69 0.107 0.797 0.157 0.847
45,46 | 0.132 1.626 0.215 0.50 0.069 0.569 0.102 0.602
Aft| — 48.259 | 13.513 | 31.75 3.554 35.305 5.23 36.98
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Table 3 List of the axial forces in each post at ~ A—l B*_]
each hight of concrete placing S
Ao~ MTERE S 2XEINDES '
o
=g
B (tf 3
XRES | HHEH (t6) i
(m?) | h=1.0m | A=1.5m | h=2.5m ol o 2
R F o
1’, 6" RUEIHE|  0.450 0.79 1.32 2.38 N« ol o
0
1, 6 0199 | 023 | 047 | 0.93 19 ==
01— 'Y
2, 5 0.354 0.56 0.98 1.81
3, 4 0.194 0.39 0.62 1.07 —
i
7,12 0.241 0.19 0.47 1.04 500 4430 {170
8,11 0.372 0.45 0.88 1.76 J
st B
9,10 0.241 0.39 0.67 1.24
13, 18 0.241 0.10 0.38 0.95 2800
14, 17 0.372 0.31 0.75 1.62 .
15, 16 0.241 0.30 0.58 1.15 ! g5
19, 24 0.241 0.01 0.29 0.86 ' als
. ©o| ©
20, 23 0.372 0.17 0.61 1.48 QR
l 8 &
21, 22 0.241 0.21 0.49 1.06 . —of
Q
25, 30 0.241 0 020 | 077 \l/ 0
26, 29 0.372 0.03 0.47 1.34 A-A i ( B-B Bi)
27, 28 0.241 0.12 0.40 0.97 Fig. 15  Shape and dimension of beam
RROWIRK Tk
31, 36 0.241 0 0.11 0.68
32, 35 0.372 0 0.33 1.20
33,34 | 0.241 0.03 0.31 0.88 242 RAME L EHAEOLBIRE
. EWMES L OREEoRH 290
37, 42 0.241 0 002 | 059 a W%?ﬂlﬁi; RIEAE ,?Eﬁﬁijj V)ﬁ}ff-‘ﬁ Z2onT
EHBIUFHEICEL > THE LN 0D %,
38, 41 0.872 0 | 019 | 106 S S & BHEAFRICST, T OaRE
39, 40 0.241 0 0.22 0.79 * B 2,
43, 48 0.132 0 0 0.28 A7 )= DERDAIZ L BEHAEMOTED
44, 47 0.204 0 0.04 0.52 B FEOBITOWT, EHME & FEME L F—32E
l,l—- = 0 - . = - -
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Table 4 Rates of measured axial force to the
calculated value on each post at the final
stage of concrete placing work
Ay - MIERTHROFECL 28
s B RAMEDLE 2

XEES KHEOE L KREDOB T
No P/P, P/P,
1 0.941 0.631
2 0.593 0.845
3 0.321 —0.007
4 1.115 0.859
5 1.079 0.927
6 0.923 0.556
7 1.869 1.842
8 0.714 1.117
9 0.350 0.817
10 0.852 1.012
11 0.929 0.931
12 1.939 2.293
19 2.071 2.156
20 1.863 1.349
21 1.499 1.360
22 1.207 1.228
23 0.810 1.128
24 1.989 2.342
31 1.597 1.684
32 0.552 0.665
33 0.665 1.233
34 0.730 0.925
35 0.370 0.405
36 1.065 1.788
43 1.978 1.564
44 0.823 0.691
45 3.063 0.911
46 0.747 1.065
47 0.789 1.429
48 1.581 2.276
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value

KiHME T 3RIEEDL P/P. OFEESHR

89, Hr0XRETIIERE L FHEMED ICH

LODELDENWH L, THDRRE LT,

1) a2r7)—MTRACEZIEICTE 37203
ERhPERTE L1, YVeyXI—20
NV FNVERER SR L 20, E2ROZRE
BB B2, TRESEDPTIEIRHEETH 5,
DIz, 37 ) — MTERBIOWIIRIE T,
BIAEAER Ll 1 33 L D& Th o
Fedeh, av 7)) — MTREIOBEIKE
iz,

2) XRTLEHOEBRZENZRE, B EA
FHHENCES SN K IM 2 EEZFET L L0
&, Wil & AT H B & iz KB 2 A
LTRIBRERT 20 e2h ), KEIM&
NIRRT ARENEZEIFNEETH -2
ENEZ bLb,

243 {EEWMELCOVLT

FRETIE, IRETROERIC L %M L, 2

7 ) —b, 8%, BRBIVEGRIENERD HET

Hik->TRDAZFE P L 2 L2, L2L, T



-28 - FEER SRR Rl eihke
N S A~ |
¢ ! : ' 1
o |
N L .
1 I i ]
- N
7 . .
| ! | [
1 i : =
! ! : 1
To T T T3
w5 (1)
Fig. 19 A general figures of support axial forces
profile on concrete placing
FTIRPFOXERDDEHDERXE
1.0 —T
0.95
0.8+
ﬁo.e-
;%(
0.4
3
0.2}
209
0.0 L L ) |
0. 100. 200. 300. 400.
w (kef)
(a) FrENT LD
1.0 — 7
0.95
0.8
3%10’6_
%
BE 0.4r
0.2
360
0.0 ! L 1 | ! !
0. 100. 200. 300. 400. 500. 600.
w (kgf)
(b) XENETE
Fig. 20 Cumulative frequency of axial forces at con-

crete placing

HAERY ) OBMOORMERSH

BREROZHEIICER, CROLNRENMIC, /EEER
TRBBEOERICL AWE, —FBICHEIN
a7 )—bPOERICIDZFMEBL S UHTRICHES &
IR EFERT %,

RIIS-SRR-91

AR &9 12, KkEo#hoEKREL, TRET
BRRTICAE L Tnwizds, CoikfEll, SNHNHE
PERALIEREABIENTE S, BRZFEID
BT HHes2~0) o1, BEMEORIC I N LIEE
HEZ2EDLILELTWAEY, FOEMEIZRELEIC
InFELFEHbTHb, 22T, SRENERT—F %
bz, BEMEDOKREITOWTEET 5,

TRPDWMET PRk E&% 5 1283555~ 13
B 35 0 1 BEIC BT 2B EERT 5 &,
Fig. 190 k5% 5%, 22T,

To DT TR, 12 FF 57 4

Py, T1 : 8iEOBcKAE & 7 D SR

Py, Ty : EEZEN L otz & EOFREMS

1 & FDOREG

T3 s FTERE THAI, 13 I 35 43

Thbd. RR»5,

AP =P, - P

BEEICHIWEICI MO EER B LHNTES,
Table 5 i, EBR7—2 % b L ICKENHE LR, &
TED P, Ty, P, BLU AP iIZOWTEAEL:
LDTHbB, b, AP % Table 2 DEZHENE
HEECHRL CTHEAmEL ) DM, w & LTEE
bz, 8, P 3, EFTO®RET—2 2oL
TeAER, 13 EF 15 FOBEm N & L7, RRIC L
niE, EXEE0 v » 56, FEOKLEIT, 12 ~
553kef/m?, P#), w=100.2kgf/m?, FENETFEHT
i3, 8 ~ 322kgf/m?, T4, w=84.Tkgf/m? & %72,
e, w DBRBEHRSME LB L, Fig. 200 k9 i
%k, FKICBWT 5% ANMEER L B L, ZEDE
EE#TIE 200kef/m?, ZRENE FE T3 360kgf/m?
L7 b, Tk Y #Et i 350kef/m2RRE £ /R
BELLTRADZ E2BELEY,

e, ZRAKROMOBRRNE L AELEPHEET
%k, Table 5 b6, XiEHED Ty (3, 12K 454
~ 13334 THY, XFEDETLE, mTEHNEX
HE#hDAFHEIrRRE LB L&D Th 1, 12857
G GFTHRETE) Thd, I )ZEFEOBKE
J1ig, FTEHET DL LRI HFTRE T4 30 FOMIC
B, BNDAFHEZITRRTREE E—7 ITiR2
IR LT nwL S e oz,

244 BEZTECZEOEHAICOVT

Fig. 10 i3, TRBOFED#S L BEDRREAL

DBTH 555, WEOMBMREKIL, 0.95 L4 Y, Fig.



Mt SNBSS R T ICERT 3 HES O EH - 29 -
Table 5 List of the value of P1, T1, P, AP and w
P, Ti, P, AP 83U w Of
FhE P Ty Py AP w *iE P T Py AP w

No. kgf N N kef kef kgf/m? No. kef e kgf kgf kgf/m?
P-1 612 12.48 548 64 322 P-31 879 13.31 868 11 55
2 2,457 13.17 2,446 11 57 32 2,074 13.14 2,071 3 15

3 2,018 12.57 1,993 25 104 33 1,928 13.33 1.914 14 58

4 1,663 12.57 1,641 22 91 34 1,072 12.57 1,037 35 145

5 595 12.57 559 36 273 35 680 -| 12.57 637 43 326

6 | 1,872 | 13.02 | 1,861 11 31 36 | 1,932 | 13.30 | 1,922 10| 28

7 1,831 12.57 1.816 15 40 37 2,000 13.00 1.985 15 40

8 2,060 12.57 2,033 27 73 38 1,344 12.56 1,336 8 22

9 273 12.57 257 16 43 39 566 12.45 542 24 65
10 1,105 12.57 1,073 32 157 40 627 12.57 589 38 186
11 941 13.31 923 18 93 41 1,432 13.04 1,429 3 15
12 1,112 13.17 1,109 3 12 42 1,208 13.02 1,205 3 12
13 1,344 13.01 1.321 23 95 43 1.284 13.00 1.279 5 21
14 889 13.18 881 8 33 44 722 12.56 713 9 37
15 266 13.18 259 7 53 45 363 12.44 335 28 212
16 23 12.49 8 15 7 46 275 12.53 268 7 36
17 598 13.31 589 9 37 47 425 13.31 418 7 29
18 1,691 13.12 1.689 2 8 48 1,779 13.15 1.768 11 46
19 1,413 12.51 1.398 15 62 49 738 12.49 727 11 46
20 486 12.45 462 24 182 50 1,490 12.45 1,417 73 553
21 | 1,340 | 13.01 | 1,325 15 42 51 | 1,157 | 12.58 | 1,147 10 28
22 1,656 13.14 1,650 6 16 52 1,557 12.51 1.527 30 81
23 2,313 13.01 2,299 14 38 53 2,703 13.01 2,686 17 46
24 1,001 13.01 984 17 46 54 825 12.56 805 20 54
25 466 12.45 435 31 152 55 602 12.45 556 46 225
26 526 13.12 523 3 15 56 914 13.53 909 5 25
27 1,971 12.54 1,962 9 90 57 1,988 12.53 1,979 9 46
28 1,951 12.51 1,937 14 58 58 2,154 13.01 2,137 17 71
29 1,540 12.51 1,518 22 91 59 1,520 12.51 1,482 38 158
30 640 12.56 620 20 152 60 513 12.46 470 43 326
A5F 36,653 36,119 534 2453 36,751 36,119 593 3007
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Fig. 21  An example of correlation between support

axial forces and temperature
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Table 7 Vertical displacement and average axial
force on support
TEOFHEN L REXECLEOAR
X | SAEZEN HHRES A
DRRE A
a 1.0m 1.5m 1.9m 2.5m
A ZHEOF _
3 By 5 (tf) 228 573 833 | 1180
# | 2EE
% | frfl (mom) 2.20 4.38 6.05 7.95
&1 — 62 1.57 2.81 4.00 5.29
63 0.29 0.72 1.05 1.48
64 (mm) 0.34 0.85 1.00 1.18
D | XiEND¥
33 HyEhh (tf) 68 246 837 1292
W | 2HEE »
% | HfE (mm) 0.44 2.35 5.20 7.91
61 — 62 0.31 1.80 3.31 4.95
63 0.09 0.31 1.05 1.62
64 (mm) 0.04 0.24 0.84 1.34
H | ZHEOF ,
33 HEhh (tf) 6 14 154 301
W | HEE
3% | HLfE (mm) —-0.37| -0.30 3.71 6.42
61 — 62 —0.35| —-0.44 1.77 3.53
63 0.01 0.02 0.22 0.42
64 (mm) —0.03 0.12 1.72 2.47

XTI, TRINVZED FRIZ RS
ERELTWE 0D (2) DA X DEH WL
AT A I3 EE N H S, T2, Table6 Tt
1F62DITRFZTHR 7T BEOBLRIIENET, T
HPTHEERENBRLEITHECBE LT3, &
DZERETHOEMAIPWILTWEI L E—RF
BT 5%, F—FHFELVWbDETE, Xk
EFELET Q) DHEPEI -7 ERERD I L
LbTER, Uk &ars, ihoBbT2ERE
LT, =5 Q) BLU Q) DmEL bR EZ 5
nNah, F—2 L% EEBMICETE v,
B, W{ OPNEBERHFEHL TS ORD 25 &4
ZLirbntBbhs,

246 FHRIDH/EZEMIZO>WVT
FRTOSREZEIS, BEMNFZEOBMEEMICTE
Rk EFEHADOEMNSMboT2bnEEZ NS,
NOEDEMNEIINIREFRTAS L, Table 7I2RT
EBY LR, LI, 37— MTRETED

FERR WA FRAIRTSEHRE  RIIS-SRR-91

1500
1292 kgf
1180 kef [
g ]
E] 1000
.R
=
&
fE
4 500
® 301 kef
0 H

7.95mm 7.91m

1.18% 14.8% 134,
i 16.9% >, 6.42mm

. N
6 1.48] [18.6% 1.62 2.47
sb N 20.5% 38.5%
N
N

)
2

— ~

0.42

FEHEH (mm)
[

5 5.29 R 66.5% 495 T 6.5%
- 62.6%
N N
2 N 55.0%
N N \
T N
N N
TERMA FHT LI *E‘ﬁ?ﬁi“ﬁéﬂi
¥ -2

5353

WF WAL, b1

O WAL, 63

RRZ & L XETEHHEO
AL, 61— 62

Average axial forces and vertical displace-
ments of support

XEOFHEHN L MEEM

Fig. 24

WADAITOWTERLL DI Fig. 24 TH 5,

1) XETAHROHEEMEIR, FAKES SO
IR T 8mm B, PUREE T 6.4mm &4
LB > T3, —F, REDFLNIL,
R B & R EP IR TIE 1,200 ~ 1,300kgf
BB, ZIRFEEETETIT 300kgf &gz E <
ToTwnd, THDLH KRRERETHEI DS W
DICSAHEEMHPKREL TTWBENDIE, SLEEMON
Rr b3 &9 ic, BFBRUSESTZE LXK



PR B R TIEA T 2 HESE D EH

TEHBDEMIREL 2T B2DTH 5,

CHOBRRELTIE, 27— MI&AEIL ) ZE
R EEORF IO RRZE L XETHMREICK
X WUODH T EL LN,

2) XL EBRDSEEN (EHER) (IKFE0HE
BB LBFHOEMLEDOMICAK 2T LoRE
D 3mm LAONLETHY, T ELRIC
B BEIAD AONBETH -T2, —T, BIRZAELE
R TEHEANEL 2D 60BRE LK E L Ko7z,

COFREE LTI, BHRZE LR THMEICE
UhhollhbeEl bnb,

25 &

Dbk &5 IcERRAERBRE L KT 2580
NEDEERIT W, BEEMR 2, ZOHKER, KD
CEMbhrol,

1) TRETHCBITS, oK ERE LUK
TEOMADERMEZFENICAS LIFLAL 01
ENDDYHBHKE, FHEMED 25 FLUEICLEZEL
TWbXH, BXUBROXHE 1AH72) DHFEX
BFrh, 2175tf #2502 EH Y, 5> EH
RKEWE EDGHP -T2,

—%, ZFEORLEEH, ETHLIsNThoLse
FHEICOWTHEBME EFTEME L 28T 5 &, K<
—F L TWBERP/OLNI, CHZ L, MED
REEICH 2RI H->CTERL, #FaXFhzE
FOARELMAPELTWBE I DG o1, &
Dz, REtLFEXFhETHHZERIEZW
L) T+HICRBE bE, BEMEERTHI LY
VETH 5,

2)  EHEfEIC AT B ERE O L O PE AR
BRI BBEPICALYE, 1,6 B)DFRET,
#, P/P. #, 2.0 B2 5WAWFEL TS, F 7z,
ZARD F I TIIHRINS (T o T2,

3) TRBEEIREIZL), AEAFO LS %
FRLTIE, BAHREENT 5, FFHREICZhE R
ROVERZITWIDERDbLNS,

4) TRTTEREIC, FTRTTROZEM LY
KEVSHPREIN, EEFMEL LTERTRET
Hr)eEZLND, (EEEEERDOBESEL L TR
xR, COEERMEIIDNIVDY, REICAILI,

- 33 -

RELFEE LTV LDLHEINE, EHlE
R, BEHRCH T, (FEHES 350kef/m?
BERAUCLENSH S L EHLND,

5) HHARFHRI T, REHHOVHZHMERS
TV B 728, KED% EHE L URHMIERT 2
AN, EELEE, RROBEKERES
BLTBITEELTH S,

6) XRILOFEEL, KEEAIZ, WTFhdh
&\, S, 2KWAHELEETBZN LD
v, L72H T, 5B EITKEDLEMELY,
B R BT EYT, 512, BROBH~NOL %
YUz, R4 EREIRE W,

7) a7 )—bORVTERT, RERK?Z 7
V- &To) B, XRTLABELEA, v
70— MTRICL 2XBETADEMOBE, 3L
AEEBLELTH &,

E

ARERFEELZEBTAICH2), FEE5LTT

SnF LAEmd iR ANEREXFNESIXE

%P, A8 mEHERLFESEEBK IXKERS

TEERTO TEBMRZ ISR BFHOELPELET,
(CFRL44 2 H 1 HZH)

ZE XMW

1) BEBREFEXEHLHS, BHOMIFENEE
$a4t, (1988), p.20.

2) FEREmEAERR, FEERERES, (1988).

3) WHEBEIARTHEARKEHILEMR - i, KK
HifRAE, (1985) .

4) HAE®BRHS, 27— EEETMHES,
(1984) .

5) HEHEMEE 2%, AAEKZAMN, (1980).

6) BEEEHEERLN, REFEEYRETEYE, (1972) .

7) FEEEXRREWER - ENERERAR, BH
207 — MTERRRCBIT A RRIRTIENE
HFEREEL U7 — s BElREE, (1988).

8) IA%S, 7)) — MEEEREEMN, (1980).

9) & EHhl, MM - XRITHEEE~>=2T7N, K
RIS, F—244t, (1977).





