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Abstract

Shear Transfer Mechanism of RC Foundation Beams with Large
Through-Holes near the Midpoint of the Shear Span

Hiroto Sato

This study, entitled “Shear Transfer Mechanism of RC Foundation Beams with Large
Through-Holes near the Midpoint of the Shear Span” is an experimental and
analytical investigation aimed at clarifying the structural performance of such

memvers.

Chapter 1, “Introduction,” presents the background and objectives of this study and
reviews previous studies related to this research. Previous studies have investigated
RC beams with through-holes whose diameters exceed one-third of the beam depth,
and most of them focused on beams with through-holes located near the center of the
span. However, in practice, through-holes may need to be placed at locations other
than the span center due to design requirements, while studies on such cases are
limited. Based on this background, the necessity of experimental and analytical
investigations on RC foundation beams with large through-holes located near the

center of the shear span was demonstrated.

Chapter 2, “Static Loading Tests of RC Foundation Beams with Different Through-
Hole Diameters,” presents static loading tests conducted on RC foundation beams
with large through-holes located at the center of the shear span, in which the through-
hole diameter was treated as a variable. The results showed that for specimens that
failed in shear, increasing the through-hole ratio from 1/2.3 to 1/2 resulted in a
significant decrease in both maximum strength and deformation capacity. Although
the stress in the through-hole reinforcement increased with the increase in the
through-hole ratio, yielding of the reinforcement was not observed up to the

maximum load.
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Chapter 3, “Static Loading Tests of RC Foundation Beams with Different Through-
Hole Locations,” presents static loading tests conducted to investigate the influence
of through-hole location on the structural performance of RC foundation beams with
large through-holes. At the loading cycle corresponding to the maximum load,
widening of diagonal shear cracks on the loading-point side of the hole and tangential
cracks above the hole were observed in the specimens with through-holes located at
the center of the shear span and on the stub side. In contrast, widening of tangential
cracks below the hole was observed in the specimen with the through-hole located on
the loading-point side. Among the specimens with through-hole reinforcement, the
specimen with the hole located on the stub side exhibited the lowest maximum
strength. In the specimen with the hole located on the loading-point side, the
proximity between the loading plate and the through-hole influenced the loading
behavior. In addition, large minimum principal strains were observed between the
loading-point-side edge of the hole and the hole-edge reinforcement in the upper

region of the hole, and on the loading-point side of the hole in the lower region.

9

Chapter 4, “Ultimate Strength Evaluation,” evaluates the ultimate strength of the
specimens tested in Chapters 2 and 3. The strength of the specimens governed by
flexural yielding could be generally evaluated using existing equations. However, for
the specimens that failed in shear, the existing evaluation formulas tended to
underestimate the maximum strength and could not accurately predict the

experimental results.

Chapter 5, “FEM Analysis,” presents finite element analyses conducted for the
specimens examined in Chapter 3. The analyses were performed up to the drift angle
of R = 1/100 rad, at which the maximum load was recorded. From the hysteretic
response up to R = 1/100 rad, as well as the evolution of strains and reinforcement
stresses, the analytical models were judged to reproduce the experimental results
reasonably well. Based on these analytical models, the shear transfer mechanism was
investigated. Two major shear transfer paths were identified: one from the loading
point toward the upper chord member, and another from the lower chord member

toward the upper right side of the stub. In addition, in the specimens with the through-
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hole located on the loading-point side and on the stub side, a truss-like mechanism
was observed in regions where the shear transfer path was relatively long, due to the
tensile force in the shear reinforcement. From the transition of shear forces carried
by the upper and lower chord members, it was found that in specimens without
through-hole reinforcement, the shear force carried by the lower chord increased at
the maximum load, whereas in specimens with through-hole reinforcement, the upper
chord tended to carry a larger portion of the shear force. This is considered to be due
to the increase in shear force carried by the chord members caused by the presence
of through-hole reinforcement. Furthermore, depending on the location of the
through-hole, the shear force carried by the lower chord decreased as the hole
position moved closer to the stub side. This is presumed to be caused by the smaller
angle of the shear stress transferred from the loading point to the upper chord member.
The distribution of shear force carried by the chord members showed that the shear
force in the upper chord remained almost constant in the region from the left edge of

the hole to the hole-edge reinforcement on the right side, while in the lowe

Keywords : Cantilever beam, Static loading test, Ultimate shear strength,
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1.5.4 Shear behavior of reinforced concrete beams with web opening

near supports'4
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1.5.5 Design of Reinforced Concrete Beams with Web Openings'®)
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Model 3b — Double-Singly Reinforced, No
Openings
4no 10mm bars (lower)

Models 1 and 2 — No Reinforcement, No
Openings

Model 4 —Fully Reinforced, No Openings

4no 10mm bars (lower)
2no 10mm bars (upper)
Smm stirrups at 150mm

Model 3a - Singly Reinforced, No Openings

2no 10mm bars (lower)

Model 5 — Fully reinforced with Openings

4no 10mm bars (lower)
2no 10mm bars (upper)
Smm stinrups at 1 50mm
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5a - 300x150mm Opening
5b - 300x100mm Opening
5¢ —200x100mm Opening
5d - 100x100mm Opening
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Model 3a - Horizontal stress distribution in reinforcement (Units in Pa).
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LI ARENT VD, — T, BEMIELVLUTOREN KIS TND

BEAE W22 O §R &
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(4) BiErLEHOHMmITEMETH 0, s LE O ¥ AW EZEERE S A H
R DL O FEM & T L 72 FZE i3 Ay

UL EOBEEMIEORRE LY, R TIE, TAMA N HRICEHLOD D
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F2LIIEAKRD 2EB L3 ETH I ABREL 27T, RBREOKFITA
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1 37 H

S : Single D : Double N : Non
2 ¥ H

C : Center L : Left R : Right
3 X¥H

A : Stirrup Around Hole

x21.1 HEBRKA

HERAe | E@EAWEG | ANGE | A%Bmm) | BINOEH
DC13 2x2-S6 R 3 130
DC17 2x2-S7 ==y 170
2 E
DC20 2x2-S8 ==y 200
DC17A 2x2-S9 ==y 170 M HIELSE
NC17 - ==y 170
SC17 2-S6 R 3 170
3E
SL17 2-S7 y. 170
SR17 2-S8 A 170
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RBREIITFHFLROBRTHY, EROKNIBATFT—1LDOHELD 41KTH D,
212 ICHABEME A, 211 ICHRBRIETER B L O %, 2.1.2 IZRABR
7 D B 75 R L % 2,13 ICHRBRIK OB TE%E, 2.1.4 (2B AR o Wr i~
%, 215 CAZ T OBRMRMLZ RS, £ 212 13T IITCH D&
HEWWUTOXQ21I.)~2.1.6)Z AW THEE L7z, BB HE X 400x250mm
Thy, RBREoOBRETERABREILBETH S, o, EBLEFEICILTROM
ey (LLT, B@EfLAmm) 2L Twvd,

EBREBITIEBIL HBLOZM IO MmETH L, Bl 130mm
(H/D=1/3), 170mm (H/D=1/2.3) ¥ X O 200mm (H/D=1/2) ® 3 % A4 7 Th
5, R DCITA O3 &1L 6 Mtk pu: (0.95%) 13> 3 8 0 35K D kbt
HIE S pur (0.32%) IZEEXT3IHFETH D,

x212 HAEBRAK—-E

HER 1A 4 DC13 | DC17 | DC20 DC17A
1@ x & LY (mm) 250 % 400
ST RIS 2.75 (h = 1,000 mm)

Bik| EBEALE (mm) 130 170 200 170
E&EAL (H/D) 0.33 0.43 0.50 0.43
BHEE (mm) 164 164 164 164

5 5-D16, pi1 = 1.09 (%)
Ay 5 4-D6@80, pu1 = 0.63 (%)
LB 4-D6, ps = 0.31 (%)
AR A=Y 2-D6@80, puwz = 0.32 (%) 3-Do@4o,
Puz = 0.95 (%)
EEBALBBRLY 4-S6, p, = 0.44 (%)
K F 8 3-D6, prz = 0.46 (%)
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212 FEAMHEOIEEH

#2131z 7 IV —FDOBAEZ, £214 12827V —FDRT TR
BRofERs, 215 a7 ) —boMEHEEYEZ, X 216 12%ar 7)) —
FDOS T —OTHER, 2171027 7RBEOGTEEZ R4,

£213 avyY—+roEE

B8 (kg/m?d)
B EEBRE| KA ML MBME e
K A B R
(N/mm?2) W/C (%) Sla (%) S
w c G .
B | B AE 3B 7k &l | AE &
30 56.7 48.8 | 172 | 303 |612 | 258 | 931 2.88 5.38

£214 a9 )— ORIV THEBHER

avs )y —REE
fRa nERiE () )
(C)
27-18-20N 26 28
ZXF v 7 (cm) TRE (%) TP (X)
17.5 4.3 26

£215 a7 - +rOHHER

EMmERE (YOI RY | EHERER
(N/mm?2) (KN/mm?) | O F & (p)
&z 29.6 27.8 1,850
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mih7wm 77 MW TENBXOEYFTEE AW )2 H v < &l i 2
Tole, FREAB N EZRETHBRICHEH LEZXEZ L TIZRT,

B OHEE AW 1% Xk DICEWRE R Lz, SBRIEHP R 25 s LT
WHTD, LICELTHWAZ LB LU LERICHB TN &nb, CHR 1)
OR LY EMEAEHIBR L CHHEZ1T o 72,

LQAozbjafS(l—lﬁl%j (2.1.1)
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forary 7 U — NORMFFAEE ARSI E (N/mm?®)
o HAW AR U HIT KB EIEE R
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HY OFEE AW 2T D) ICEWFE L7z,

sOu0 = { aﬂ(ll6L%J+05Af( —omn% (2.1.2)
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Jr RIS L EEEEE (mm)
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FRIZPCEMBRIC LY A X 7 2fiff 7 L — HMIZEE L7, BRTIEHEM 7 L— A

CHRVMITTE2HBDOKEY Y »F (L S500kN) IZX o TKEDEZEH S
f:ukﬂ?jwijcrﬁk)%is% CEMBIOEMOHTEE AW I ((2.1.1), (2.1.2))
CE D EMEE WA DOKFEEN 6§ #AF T EMOLHEHMAE TORS
(h=1,000mm) THERL7ZERMA RIZKDEMGIEE LT,

MO 7w 7 LZEMHFETALB D EZ 1 Y14 70, FEFFAEE AR,
R=1/200, 1/133, 1/100, 1/67, 1/50, 1/40, # 2% A 7 LT >TH 5D,

N
(=)
T
I

N
=)
T
1

R
S
T

Drift angle (x10™°rad)
(@}
|

'
=)
T

| | | | | | | | |
O 2 4 6 8 10 12 14 16 18 20
Cycle
219 mA7F7Oo 3L

217 HEEAMDDOHERR

DC13 DC17 DC20 DC17A
EHHBEAE N (kN) 32 21 13 21
THHEBEAE N (kN) 113 102 94 102
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AW AN R KRB FLNELE S 472 RC FEAER OH AW s s
2w HBRORZR D RC G O FIHE R
219 EFAEIURbE

No &5 CH HRE | B & RS
2 N 0 1 kN HHEDYy v ¥
3 Q1 2 0.167 | kN KES ¥ v (d) CLC-500kNA
4 Q2 3 0.167 | kN KES ¥y x () CLC-500kNA
5 f1 4 0.02 mm KEZERE MAhm (L) SDP200
6 f2 5 0.02 mm KEZERE MAm (F) SDP200
7 f3 6 0.005 | mm $WEZEM MmAhs (d) CDP50
8 f4 7 0.005 | mm $WEZEM MAhs (M) CDP50
9 g1 8 0.005 | mm $hEZEM (L,d4) CDP50
10 g2 9 0.005 | mm MEZEM (T,4) CDP50
11 g3 10 0.005 | mm SREZEAM (L£,F) CDP50
12 g4 11 0.005 | mm SEEM (T,F) CDP50
13 g5 12 0.005 | mm MOERE (EFTMNY) CDP50
14 g6 13 0.005 | mm MNOEME (F,EATHY) CDP50
15 g7 14 0.005 | mm MOEM (EFHEMNY) CDP50
16 g8 15 | 0.002 | mm SEZEM (b,dt) CDP25
17 g9 16 | 0.002 | mm $EEM (P,M) CDP25
18 g10 17 | 0.002 | mm KEER (L) CDP25
19 g11 18 | 0.002 | mm KEEM (T) CDP25
20 g12 19 0.002 | mm MNOEME (P ETHY) CDP25
21 A1 20 |[2/2.09 u F/H (dkd) 18FES—2 (3mm)
22 A2 21 2/2.09 u F/H (dkd) 18ZFES—2 (3mm)
23 A3 22 |2/2.09 u F/H (dkd) 18FES—2 (3mm)
24 A4 23 [2/2.09| I/ (dLA) 18ES— (3mm)
25 A5 24 2/2.09| X/ (dLA) 18ES— (3mm)
26 A6 25 [2/2.09| E/H (LX) 18ES— (3mm)
27 A7 26 [2/2.09| E/H (LX) 18FES— (3mm)
28 A8 27 [2/2.09| E/H (LX) 18FES— (3mm)
29 A9 28 [2/2.09| I/ (Fd) 18FES— (3mm)
30 A10 29 [2/2.09| I/ (Fd) 18FES— (3mm)
31 A11 30 [2/2.09| I/ (Fd) 18FES— (3mm)
32 A12 31 [2/2.09| T/ (M) 18ES— (3mm)
33 A13 32 [2/2.09| T/ (M) 18ES— (3mm)
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34 A14 33 |2/2.09 U TH (FAR) 18ES— (3mm)
35 A15 34 |2/2.09 U TH (FAR) 18ES— (3mm)
36 A16 35 |2/2.09 U TH (FAR) 18ES— (3mm)
37 B1 40 |2/2.08| HIESHEH (F) 18ES— (1mm)
38 B2 41 |2/2.08| HIESHEH (F) 18ES— (1mm)
39 B3 42 |2/2.08| ABEHIESH (F) 18ES— (1mm)
40 B4 43 |2/2.08| ABEHIESH (F) 18ES— (1mm)
41 B5 44 |2/2.08| HIESHEH (F) 18ES— (1mm)
42 B6 45 |2/2.08| HIESH (A) 18ES— (1mm)
43 C1 50 |2/2.08 M BMHESH (L) 18AFES— 2 (1mm)
44 C2 51 |2/2.08 M BMHESH (L) 18AFES— 2 (1mm)
45 C3 52 |2/2.08 M BMHESH (L) 18AFES— 2 (1mm)
46 C4 53 |2/2.08 M BMHESH (L) 18AFES— 2 (1mm)
47 C5 54 |2/2.08 M BMbHIELSH () 18ES— (1mm)
48 Cé 55 [2/2.08| u M HESH (AHE) 18ES— (1mm)
49 c7 56 [2/2.08| u M HIESH (AHE) 18ES— (1mm)
50 c8 57 |2/2.08 M BMbHIELSH () 18ES— (1mm)
51 D1 60 |[2/2.08| KER (dLT) 18ES— (1mm)
52 D2 61 |2/2.08| KERH (ALFA) 18ES— (1mm)
53 D3 62 |2/2.08| KER () 18ES— (1mm)
54 D4 63 |[2/2.08 U KERH (FAFE) 18ZES—2 (1mm)
55 E1 70 |2/2.08| EEAWRG (L#) 18ES— (1mm)
56 E2 71 |2/2.08| EEAWRG (L#) 18ES— (1mm)
57 E3 72 |2/2.08| E@EAMAG () 18ES— (1mm)
58 E4 73 |2/2.08 M EEALMEERAS (dE) 18ES— (1mm)
59 E5 74 |2/2.08 M EEMEERS () 18ES— (1mm)
60 E6 75 |2/2.08| EEAMAG (FA) 18ES— (1mm)
61 E7 76 |2/2.08 M EEMEERS () 18ES— (1mm)
62 ES 77 |2/2.08 M EEMEERS () 18ES— (1mm)
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W2 E BRI R D RC &R O E AR E 5

22 REBRER

221 WEMEREIUVEERK

B 22.1 ICHEAW ) —ERAEKRERT, KM AIEZ0OT, EHOKEKED
T, HIEOHOBEIRAE AT, FLEMBG OBEREE AT, B &L OB
RWZEOT, BEBAMBG OBRAEZOTRL TS, X222 ITHEMEIRZ R
¥, R TiX R=1/133rad, 1/67rad ® EHH 1 A 7 )V H E— 7 FER X Ok
RN EZRLTWVWD

FRBRIEE B, BT AREAM IOV A 7 L TEBILND 45 FEH IR
DONEINOFRAEDNHR Sz, HEK DCI13 TIX, 1/67rad D% A 7 )L TH
E ORI S W OB S B3R S iz, 1/25rad DAY 1 7 ik
W T E B LD B EERR T 1 O O OVEIAUIE O JE0E 2 £ O il B IR % o B A i 8
DHERE S N7, BRI DC17 35 X " DC17A T, 1/50rad D% A 7 V2BV T,
AERA DC20 TiE 1/100rad O H A 7 M IiZB W TEBE L2 BRI 1 0 O OE|
AUIE O IEME AL O IR T AR Iz, £ LT, #fBR{E DC17 3 X ' DC17A
T KM /)& TICHBEMAR G OBRAER Iz, Lo Z Lo n, BRBRIE
DC17, DC20 3 X (X DC17A IZH A Wrfilf i &l L 7=,

Em LI 1/2.3 THREM HIE S M 0.32% OB K O & K /1%, L 1/2
ORI DC20 Db D L AT 57%m <, LM HIX DML 0.95%0 3 ik
DCI7A O H D & T 5%,
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(1) Bk DC13

Ham Lt 1/3 O R BRK DC13 Tix, R=1/67rad DY A 7 )L TR BT 5
Sl AR 3 i TRAR DS FERR S 4L, W) OBRIT b SRR S 417z, 1/50rad O WA o
T HIESHBEEAR, 1/25rad DY A 7 Vv THEM BB ORI A SN, FL
B A R A 28 BRAR L 72 @ 1/20rad O Y1 7 LV Tl IR T A FER S iz,

HERNAE A D L, WMABEITH O Sl 1/67rad OV A 7 L TIL E 1L
AL TRICFEA L i OB O JEE N BEE IS A DN KIS B
WAL O BT FE A U2 24 07 7 0 O VBNV IR R 1 B W 1 23R R L7z
ZEnD, TR AT R OB AW EE &R S T,

|0 JBAMA O FH & HEoH 4 FEMHERE ( ZMHEsHm O BEBTEREG

300 5c13 1
200 ]
S 100 |
s
3
S o
(-
[4v}
2
n -100 ]

-200

300l | |Qn?ax = -2|77kN|_
-4 -3 -2 -1 0 1 2 3 4 5
Drift angle (x1 O'Zrad)

221(a) TAMO-LERAKEK (DC13)
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X 2.2.2(a) WEMEIK (DC13)
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(2) Bk DC17

BBk 1/2.3 O FEBR{K DC17 TiX, A#& I A2 XY R=1/100rad ® &+ #2317
bt T,

JEREREVE 2 72D &, R=1/6Trad OV A 7 )L TERUGHEIZ I 1T D 5l 3R 5 7 H3 e
REN, KM A NEE S NIZ, Z D% O R=1/50rad THif & F A fER S iz,

BERNE A D L, BRI N LE SN 1/67rad DY A 7 VICB W T EHIE
LETREMICERGTHOONENORENHERINT, YEOVENILEIZ &
720N 1/50rad DY A 7V TR TR A B vz 2 & 0 68 A Wil 8 & il S
i,

| 0 JBXMA O FH & Ik 4 FBHERH o FEMbEom O BBFLMERE

300

200

100

Shear force (kN)
o

-100

-200

3001 Qprax = 250kN|
-4 -3 -2 -1 0 1 2 3 4 5
Drift angle (x1 O'Zrad)

221(b) tAMAN-ZERAKEK (DC17)
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(3) B {x DC20

Bt 172 ORBRIKTIX, R=1/133rad OV A 7 )V THM & I1E 5 7 S FRAR
L, KMt fesE S vz,

BERRZALD L, 1/133rad DY A 7 L TEHEILD LMD ER T MO OV
HNORENHER S, 1/100rad (B W THEE RN KR Sz, %0 RE RO
JEMEICE W IR F L Z OBMEEICE 72 2 & S BRIK DC20 DAk iE Mk
RIF A AW & Hl B = Tz

| 0 JBXMA O FH & Ik 4 FBHERH o FEMbEom O BBFLMERE

300- .

200r .

100

Shear force (kN)
o

-100r

-2001 .

300. Quax= 159KN] |

-4 -3 -2 -1 0 1 2 3 4 5

Drift angle (x10 " rad)
2.21(c) HAMN—-ZHEEFE (DC20)
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2% HIBILZEOHE D RC &L O EAH R Z5R
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(4) FER{K DC17A

EfLE 1/2.3 TRMBIE S 0/95% DB {K DCI7TA Tl Kt/ % &
f L7z 1/50rad £ TIZHIE SR, G SIX S, FLEMHR B L OVE @ LA
B OBIR DR ST, Z D% D 1/40rad D W A 7 )V Tlif K TR0 6 17z,

BERREZALD L, 1/67rad DY A 7 L TEEIL S MO DR T OO
RN FEAEL, RKRMZTZE LT 1/50rad O A 7 L TR AR S -,
Bl MO 8B T OO OCENILEIZHEWT IR TARD Sl 2 &
Nz C, AL OIS b BRIRDPHER S 2 &2 bW AWl g &
ST,

| 0 JBXMA O FH & Ik 4 FBHERH o FEMbEom O BBFLMERE

300" 1A '

200F

100

Shear force (kN)
o

-100

-200r

3001 Qprax = 264KN|
-4 -3 -2 -1 0 1 2 3 4 5
Drift angle (x1 0'2rad)

22.1(d) HtAMAN-ERAEK (DC17A)
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AW AR /EPQHS :k%@%mﬂ%‘ 77 RC EERER D AW e RS
W2 E BRI R D RC &R O E AR E 5

222 ERBOUEINIE

X 2.2.3 & LA PO O OVE AL E %, 224 ILEBOUVEHNHER 2 R
T, MEERIX E# A 1 VA 7 VA= REOY AW &, BEIXE YA 7 v ok
FEE DR KOCENETH 5, [T OOIFMERAE DC13 %, OIXRBRK DC17
Z, ANTEBRAE DC20 2, BIEHEERIE DCI7TA 2L TW5, £/, FMXIZI
OVEINIEOHIREZ G TR L TEY, RFEBRTIT 1/3 fis oK% H
WTo 28, SCER 23 KD = O VEILIE O I FRE (KT 0.3mm) % X (2.2.1)
XY 1B MERICHBEBE LZ, Zhicky, OCENEOHIBRIEIX 0.155mm %
LTW5s,

w.=n"-w (2.2.1)

wr: FERORBRE DL O OE IE
ws AR 1/n OFRER AR O 5B O OVEl AU g
n e R

EaaALBEEOTAWOOEN (K223 O No.l 33XV No.2) %, HiEflk
D RIZHENWOCFNRHES OB IMER ARD 5N D, —F TEM&BIE S bt
0.32% D ERA DC17 O D PEINIEHER 1 0.95% D RERIA DCI7TA D b D L X
TREV,

ERBAE L QICEHMTFREAM DOy A 7 v Th D, YIHEIZBT D2EIX
0.lmm Kjii TH Y, HIERME (0.115mm) REOETH - 7=,
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223 BERABABEOUVUEINGKE
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<2507 22500
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S 150 51500
$ 100l S 100/
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B2 BEIRALEDOR D RC SRR OE#E R ER

223 HTAWMEEBHOIL NS T

2.2.5 T AW A 9RO O B o AL E %, 2.2.6 IR EBRIED
R=1/200, 1/133 33 XL O 1/67rad D IE#fir 1 A 7 )V H E— 7 FEIZEB T 58 AW
MR A D WS ) oy A B R, R CIE, B 0 Z 8 fif Al & L, Ei@ LA E & it
DR T, MW OANEMEEZ R TRLTWD,

LBEMEm S L ONZENICHET2HIE0MICERT5 L, Bk DC20 A
Ml ZBR&E A 7 VRIS IS EAREO b, & A BER O R K
DC17, DC20 3 XU DCI7A & # % &, BRI DC17 TIEAEA O FLES# 8 7l 3
FOHEMB TS FHOBERBED bl BBIK DCI7TA TIX, 2 o FLEE i
e HITXOMHOBERPBO Tz, —F THERK DC20 TliX, & KM )% fd
L 72 R=1/133rad 12 B W\ THLEEMH 98 A5 1 200N/mm* Rl O Jis I BB H iz,

UMBIEOMHIZERT 2L, BRBMAKE bW A 7 VB RICHES IS E
ANHBLNTZ, ZOHTYH, RBIK DC17T O ABERBIRIENTO ERANA L,
SIBRMBRR SR S iz, £7-, RBRIK DC17 3 £ X DC20 TiX, JEMEKEIR 2
mIhT,

HIEoH a7 )

|| . BN
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B i N 7
[

LIRS T

(a) DC17
BIEDE

LOAD
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- |

LOAD
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LR T

(b) DC17A
225 BAMBEEFHOVTAHDEAME
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NV T A B el N = B 1 Vi ﬁa%éhtRCE% DA AW R A
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224 EBEAMEBHOLNERS

B 2.2.7 \ICEBAAMIEA OO 27— UL E %, K 2.2.8 1Z R=1/67rad F
‘@D1#47”9t*ﬁ%C%HéELﬂﬁﬁm®ﬁﬁ%%%%¢oE$@
OBk DC13 %, OIERBRAK DC17 2, AXRBRK DC20 2, BIXRERK
DC17A %, SAARITE@FLMR ORFRBEZ R L TV,

IE# R (21X E3, E4, E5, E6 28519&M & 72V, El, E2, E7, E8 (XJEdM
Ele D T EDHER ST, BRI DC13, DC17 3 X O DC20 Tix, B#@fLlko
HRICHEWEBALGHEG OIS LS AR I,

JEAEM & 72D E1L 3 X OV E2 TiX, 1/200rad @A 7 L LLRT CIXJE G e 5128
ER LTS Z &R S, 1/133rad BLBE TIEBIRIS IR EAEL TWVWDH Z &
MHERE ST,

glaRfl & 72 5 E3, E4, E5, E6 # 5 &, HiEBILIZI VY E3, E6 DIk /11
BB DV B4, E6 DI & TE W, BliEM & 725 E3, E6 & i3
% &, REBK DC17A 13 R=1/200rad LA D ETEAIZ B W TH EF OIS J713 T
DIGI] &R TE W,

2RBREICBNT, W 03IE ERICELZZR A GURA DC20: 1/133rad,
O : 1/67rad) F TIZRRITMER I N o T2,

). mNE
1 W
2 E3
oo
e,

|y FO
LJLS% —IICO
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AW AR /EPQHS :k%@%mﬂ%‘ 77 RC EERER D AW e RS
W2 E BRI R D RC &R O E AR E 5

23 EBABEDELGDIRCEERZOHMNEFTEROET LD

RKETIL, HAWA R FRIZKEBILEZ A T 5 RC EBEROHEEMERE O
BEZHMWE L CHBILAROE R 2 BRAKOFMEMERZERB L. AELY
SEonmAE L TIiTxRT,

() AW U7k Cix, AL 123006 12128+ 252 & Tk
KB LI OEEEREPKESLSIETFTT LI ER/MERINT,

Q) FAWE L R BRETIIRRM 2R LA 7 LV TCHEALGHY
HEEMIF RO OOE I OFANHER I, Y% OE O IENE )
KTHRBDOLNT,

(3) ERERI & b ISR T A AW ) e o0 B LA P o 5% 8 OOV AL e 1 PR
fEAR G O fE 2 7~ L7z,

(4) & A WA B o FUBR 1R T 13 B d LA BH o0 B A BT AR G 42 1S W S T 0 38 AR 8
ﬁﬁab‘ é j/l/f:o

(5) Eim Lt o K IZ ﬁéb\ﬂ‘%?t*ﬁ%ﬁﬁ%@FEﬁ FEATL2 00, 2EBREKL

IR KR IRk S 72 1/67rad £ TIZ E @ ILAH IR O BRI HER S
o T,
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H AW A S PN K EEFLSELE S A7 RC 2 O A Wi s S
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B AW A S HFRRERIZ K

[=E:]
H3w Hil

FL2SECE S 4072 RC FEREZE O AU Wiz vk
AN E D E 72 D RC G HEMEGE O F i {7 FZ5R

3.1 XERHE

KILIWCARDO 2 BB L3 ETH O RBRUEL 2 HETRT,

ENRINOE e

FHEZRLTWD, £, FXFOREKRIZUTOLEEY THLH, 1 XFHIE
FOB LR A OAE, 2 CFRITEAM AR R 2 L Lo L 2o HEA

—

i
L, BHFTORIHSIXFRIZEBEMOERE ZRL TWVD,

1 305 H
S : Single D : Double N : Non
2 XFH
C : Center L : Left R : Right
3 X7 H
A : Stirrup Around Hole
&3.1.1 HEBEKA
HEAE |BEEFEEH | FLULE | LE(Mm) | BNOZEHK
DC13 2x2-S6 F R 130
> & DC17 2x2-S7 H R 170
DC20 2x2-S8 H R 200
DC17A 2x2-89 H R 170 BHMHIE S/
NC17 - H R 170
3 & SC17 2-S6 F R 170
SL17 2-S7 Vi 170
SR17 2-S8 A 170
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AW AN R T K EEFLASERE S A7 RC ISR O A Wis i
3w EIRILNLE DR D RC &M OFR#E R E5R

3.1.1 HE&

BRI AT ORI & FRICA RO ROBIRT, EROMN 13 AT —1D
LD 4K THD, £3 12 ICHBREMEL, X311 ICHKBRERIKREA, X 3.1.2
(B AL E A, O3 L3 ICRBRIREL AR 2, X 3.1.4 ICBR A T E A, X315
AKX T OFRFIRM 2 Rd, ZWiE bXD X 250X400mm, HEFLAEIE 170mm
(H/ID=1/2.3) TRHBEILBTH Y, BBl L TREMNE 2 XM & EHRT 5,
FEREBITIEHBAMEL LOCEBLMBRHOFETH D, BELMEITE A
Wr A S ez AL LT, #im Al & XA Z TN Z L ZE 4L 160mm B E) & &

7=, #BR{A SC17, SL17 B L Y SR17 T, E@FLJEPHIZ 2-S6 (KSS785) # L
LTWbDIZx LT, ik NC17 CTlXE® ?L%ﬁ%ﬁ% ZHEL L TR,
AREBRTITHEAM AN FRICEBRAND Y, BEHEAMEGEZ2H L TV HR

BRIK SC17 Z FYERBRIK & 4 5,

®3.12 HAEBRABME

HER K% NC17 SC17 SL17 SR17
iEx€ Ly (mm) 250x400
ST RISV 2.75 (h = 1,000(mm))
EBARZ (mm) 170 (HID = 1/2.3)
BEaALhLD
FALE (mm) 500 340 660
e 17 5-D16, pir = 1.09(%)
ALY 4-D6@80, pus = 0.63(%)
LIS 438 5 2-D6, ps = 0.15(%)
M HIEDH 2-D6@60, pw2 = 0.45(%)
EBABBG - 2-S6, p, = 0.22(%)
KT 3-D6, pi2 = 0.45(%)
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#3131Car7 IV —rOA%E, 314187227 )V—=FDRAT T
BROfER%E, £3151Ca2 70— FOMEHEEEZ, K 3.1.6 1827 ) —
NDIE T = OFT AR E R T, BB SRI7 TIXHTHMFICHBALA Y ICKEAR
BERHRINTE (K3.1.788), 20, BETE T\ o oI [ 5%
DBREO a7 J— e HOTHIEZIT> TV D,

£313 a9 )—+DOESE

B i1 8 (kg/m?3)
M EMERE KEAY ML MBEHE WMEM
K Ak HEHM iE
(N/mm?2) W/C(%) Sla(%) S
w o} G
R | B AE K &l AE #l
27 56.7 48.8 172 303 612 | 258 931 2.88 5.38

£314 ZaH)—FrDODRSUVTHERER

B & SEE (C) avy)—FRE (C)
27-15-20N 33 33
235 Y7 (cm) ZRE (%) TP (X)
13.5 4.5 26

£315 a7 ) —LrOHHER

£ #& 54 & YOO RY EREERO
(N/mm?) (kN/mm?) T H (M)
NC17 Z _ 34.5 32.1 2,050
ARA D 28.8 30.1 1,650
#$ 34.3 31.4 2,100
SC17 -
AA T 29.0 29.7 1,970
SL17 Z _ 35.4 32.3 2,030
AR T 33.9 30.8 1,970
& 36.1 31.3 1,990
SR17 & 32.8 30.2 2,110
AA T 33.1 30.9 2,060
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S6 (KSS785) #fiH L TW5b, K318 ICEMDIEHTT— O T HBEEE, 3 3.1.6
(8RO BHEEVE &2 R T,

1200 . . . 500 : . .
i = 400+ .
£ 800 s 1 =
§ Z € 300t 7 §
S . 7 | s 300 VA
2 d @ 200~ J/ .
£ 400 {4 £ ,
& — Nof %) % — Not
---- No2 100t /- -~ No2|
2001 — - No3| | / — - No3
% 3000 6000 9000 12000 % 2000 4000 6000 8000
Strain (u) Strain (u)
1200 . : ;
GE\ 800 /,/” .
2 6001 7 1
> 600 J
e L i
& 400 — Nof
---- No2
200} T Nl
% 3000 6000 9000 12000
Strain (u)
M 3.1.8 #HBHOLH—UVTHERK
& 3.1.6 HHOMMBREMLE
2 B R = 5| ok o5& B AURZRES
= (N/mm?) (N/mm?2) (kN/mm?)
D6 SD295 343 522 178
S6 KSS785 931 1,161 174
D16 785 & 799 1,019 208
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3.1.3 HHMEETE

X 3.1.9MAh7e 77 L%, K3.1.10 I[CHMEEZ, £ 3.1.7TICHFEETA
Wi OFEMEREZ, RIISICKET A7 NVICBT200E O @A E T, Wbk
KIZPCHIHEIZC LV A Z T2 #H 7L — LA ICEE L, EBRCIEEHFE 7L — A
RO 722BOKFEY Y vF (L 500kN) 2L > TKFEAEEMRSHE
T 2HBOEREFBOFETHED LZHFRT AW T X 5 4 B & #m S
DKFEENL 6 % AH 7 g b#maE Tcodms (h=1,000mm) TR L 7=ZF
A RICKDENMBEE LT,

MAh7wve 77 MIEMBEREARAE LA 70, BEEFERE AW, 1/200,
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N
=)
T

N
(=)
T

R
S
T

Drift angle (x10™rad)
(@}
|

N
S
T

0O 2 4 6 8 10 12 14 16 18 20
Cycle
319 mA7os 3L

%317 HFBEHEAWMPDDHERR

NC17 SC17 SL17 SR17
REIZFEE A A (KN) 22 21 21 21
EHFEE A A (KN) 22 40 40 40

-92 -



N}

AW AR

o Tk

ES
5

TIC REIBFLAECE S 7172 RC RGO A WHs b

o o
1 I
o o o o o o
o o o o o o

ﬁILOADIIE

South U ='||-II'@ 2 North
o
0 Hydraulic jacks
. M 500kN
3
o R )
\ Specimen /

i I

M 3.1.10 HFEAEE

-93.




HAW AN PREICR B E S e RC AFER O A Wrm i

i =}
3 E HIBINE ORI D RC AR O F R 25

#£318 HHAIINLIZBTH0UV0EADE

pupiy:: &
MBIV UEN
RHFE IE & far
1940 B
EHEE IE & fir
24 BEHA = o= o= o= - - - -
VUENIE (E—7 >E# K
fir)
R=0.5x10"2rad (1/200 rad) 1E & 7o
2940 BEE == e e o= o= o= o=
R=0.75x10"%rad (1/133 rad) 1E & fir
2940 BEE == e e o= oo o= o=
R=1.0x10"2rad (1/100 rad) TE &
2949 REA == = = = —— —
R=1.5x10"2rad (1/67 rad) TE &
2H A4 9L BEHA = e - -
R=2.0x10"?rad (1/50 rad) 1E & fr
2449 B = o o - -
R=2.5x10"?rad (1/40 rad) 1F & fi7
2H A4 9L B = o o - -
R=3.0x10"?rad (1/33 rad) 1E & fr
2940 BEET @ — = = e oo o oo
R=4.0x10"?rad (1/25 rad) 1E & fr
2#47» Eﬁﬁ————————
R=5.0x10"2rad (1/20 rad)
R Y

-94 -



B AW AR RIRER IS R E R ALASECE S 72 RC FERE2 OH A Wi s
H3E BHRANEORLR D RC EEMER O AT LR

3.1.4 EFHAIGTHE

31 ICOT AT — VRN E %, X 3.1 12 IEA G E 2, & 3.1.9
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x£31.9 FHBAURF—E (SC17)
No. %% | CH ¥ B L& ARl
1 N 1 kN HESYvF
2 Q1 0.167 | kN KES v v ¥ (d) CLC-500kNA
3 Q2 0.167 | kN KED ¥ vx (F) CLC-500kNA
4
5 0.02 |mm KEZERM MAm (L) SDP200
6 0.02 |mm KEZERE MAm (F) SDP200
7 mm SEZEM mhm (d)
8 mm SEZEM mhs (F)
9 F1 10 | 0.002 |mm KEZEM (d) CDP25
10 F2 11 0.002 |mm KEZEM (F) CDP25
11 F3 12 | 0.002 |mm KFEZEM (£) CDP25
12 F4 13 0.002 |mm KEZEM (F) CDP25
13 G1 14 0.005 |mm $EEM (L,d) CDP50
14 G2 15 | 0.005 |mm EZEM (F,4) CDP50
15 G3 16 0.005 |mm SWEEM (L,F) CDP50
16 G4 17 0.005 |mm ShEZER (T,M) CDP50
17 G5 18 0.005 |mm MOLEM (E,BATFMNY) CDP50
18 G6 19 | 0.005 |mm MOEM (B AFHY) CDP50
19 G7 20 0.005 |mm BMOEM (F,AFEMNY) CDP50
20 G8 21 0.005 MoOLEM (E,FAEMNY) CDP50
21
22 A1 30 | 2/2.08 | u EH (dLEE) 18FE4S— (3mm)
23 A2 31 | 2/2.08 | EH (dLFA) 18ES— (3mm)
24 A3 32 | 2/2.08 | u T/ (dbEE) 18FES— 2 (3mm)
25 A4 33 | 2/2.08 | EH (dLF) 18ES— (3mm)
26 A5 34 | 2/2.08 | EH (dLFA) 18ES— (3mm)
27 A6 35 | 2/2.08 | u T/ (dbEE) 18FES— 2 (3mm)
28 A7 36 | 2/2.08 | u EH (dLF) 18ES— (3mm)
29 A8 37 | 2/2.08 | u F/H (dbEE) 18FES— 2 (3mm)
30 A9 38 | 2/2.08 | u EH (dLF) 18ES— (3mm)
31 A10 | 39 | 2/2.08 | u EH (dLEE) 18E4S— (3mm)
32 A11 | 40 | 2/2.08 | u EH (dLFE) 18ES— (3mm)
33 A12 | 41 | 2/2.08 | u TH (ALE) 18ES— (3mm)
34 A13 | 42 | 2/2.08 | u TH (EER) 18E4S— (3mm)
35 A14 | 43 | 2/2.08 | p TH (LE) 18ES— (3mm)
36 A15 | 44 | 2/2.08 | u TH (EER) 18E4S— (3mm)
37 A16 | 45 | 2/2.08 | u EH (LE) 18ES— (3mm)
38 A17 | 46 | 2/2.08 | u TH (LE) 18ES— (3mm)
39 A18 | 47 | 2/2.08 | u TFH (EER) 18E4S— (3mm)
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LD A WiHs A

40 A19 | 48 | 2/2.08 | u TFH (EER) 18E4S— (3mm)
41 A20 | 49 | 2/2.08 | u TH (LE) 18ES— (3mm)
42 A21 | 50 | 2/2.08 | u TH (LE) 18ZES— (3mm)
43 A22 | 51 | 2/2.08 | u TH (EER) 18ES— (3mm)
44
45 B1 52 | 2/2.09 | p Lo - LR HIEL 18ES— (1mm)
46 B2 53 | 2/2.09 | u Lo/ - ALEHIESH (F) | 18ES—2 (1mm)
B3 54 | 2/2.09 |y | hIEFoH - AEHESH () |[1#HES5—2 (1mm)
B4 55 | 2/2.09 | p | HIESH - LESHIES/H (F) | 1@8ES—2 (1mm)
B5 56 | 2/2.09 | p | HIEoH - AEHESHm (F) |18HES—2 (1Tmm)
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a:: MBI D5 REKA W A (mm?) T, R & T Al R A
TNENRIETL2HOERMAT 5,

b : BHM OWE (mm)

d: M OF - (mm) T, REF &G mA R E AT
5D EHA,

J o R ol U5 1A 8% 5 BE R (mm)

op: 27 U — FOJEMBRE (N/mm?)

pv EMBEIOHOB LML T, WXITX D, 2L, po?d0.012 %
B2 258130012 & 32, (p,=a,/(b-x))

ay: 1 FHOEM SHIXOHOWEAE (mm?)

x B BIE O ORE (mm)
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424 HIEEHAICEK LI EAMBRE

Kl &M HIE S FHIT X VAR L 72 A5 0 A KR E 2 STEK 5)ICiEwn
RS Rc R v e A BEZFEN L, 3ROE/NMEREALWBELZ 52 5,

I/u = 4bejepwsasy
2p o +2Avo )
= 2w ”3 =.b,j,, (min (4.2.8)
I/u = ﬂ’bejesVGB

I}

V=3

i

be: b7 ABEREICEG-3 2 Wil A ZhbE (mm)

Je: N7 AMICEE T 2 AE Y (mm)
At b T AR O R

v: a7 U — b ERERE DA IR

op: 27 U — N DOEMEEE (N/mm?)

Jes o T O BEAH R A [ O BHEE (mm)

Pws @ I BT S L

Oy @ BEM B IE D ORBRRIRE (N/mm?)
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425 FMXICk D EBAMBE
T 5T KD R 1) o R mRIC ey, SAMRELZREL L, H@LoR
OETEZYVE T, ~fREOT —FEMICHELL TWD Z LIZERL, L

R CEBIMEMH 2 M o RIC—EMBICED S NZbIXoMIcER L, ©
DR 2T AEEL LML TS,

Q.= Zb{d P,0,, cotg +{ (1 +cot ¢)p00'0y}%tan 9} (4.2.9)

P,0, = kZ(E% sine, ) (4.2.10)

|}

p={ll
(g
af

d : W0 OHFZHEY (mm)

d. : 5D JE (mm)

Pooy + BHALER O OVEI & A 80 2 #fi 580 75 =
k. EHARE (=0.55)

a; : FSRAG O WA (mm?)

ciy ¢ SR AT O FERIRE  (N/mm?)

ot A TR A AR & T3 B

QWA RD T AMRE

vo: 27 U — MR DA BRI

D’ : B REW (=(D-H)/2)

0: BT —F A JE

WG A (=D /2)
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R A3 ICHEMRBLIOERBERO -T2, X 431 ([ZEAWREL 2R
BRIE DA G AWK RE & ERMEOMELLD 7T 7 2R3, EBRoO KK DB
O Jry o B BN D b & TR b & PERR T D

TR AR e AT R & B S - BRIR DC13 T, #h P IC L A58 i
1.06 L2V E LS FMTE TV D,

F#EJD@AW@WQM%%%& BRE HE X 0.90~2.11 OFFHICH 0, T8
W 1.39 L Ap oz, EIEALAHIRA O 2 WEBRIK NC17 O M e iE 2.11 & 7
W, EEILIET O 5 A BRI SC17 OEEIT 146 Thotz, 2D &5
Qsul TIHEBAMBHONELRELAE Lo TWVHEZEZOLND,

WM O AWBRE &2 2D L, BEREEIT 2.82~4.81 OHIPHIZ H VD FEAMR EIX
T,

MRS I L2 A WRE A2 A 5 &, BRE X 1.08~1.85 DFAFHICH U,
SR L ERE 142 £ o T,

O N E LM A K2 AW E A A D & SR HIE 0.92~1.26 D
HEAICH D, ML FEEIL1.08 &72o7c, BRI NC17, SL17 38 LV SR17 T
ILTREL 1.0 2 THIZFER ER>TWDHE OO, SEIZFET - AW EREXDF
TR bR EILEWRER L oo, BB E LR KM IS EL RIFT
HLOD, MAEOKRBBREFMRTIIZTORELZEELL-LDIIR NI EnD,
BHEAMENEDD Z LI AW BERB LI NI L, iz &/
FEMEOMENRRE L SR D,
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®431 HEHEPIUVUEBHERED—E (B : kN)
DC13 | DC17 | DC20 |DC17A| NC17 | SC17 | SL17 | SR17 | F£1
EER{E Qmax || 277 250 159 | 264 158 196 178 159 -
B ITRBEE | Qmu | 262 262 | 262 | 262 | 262 | 262 | 262 | 262 -
EILE D
sawmp | O 184 185 185 185 185 182 184 180 -
B 0O
. Qsuz | 197 185 176 185 75 134 135 134 -
%A D
Ao B 38 Qsus 70 52 39 69 56 56 57 55 -
£ 14 $5 & = Vu 174 135 106 144 146 146 148 141 -
BT EYEN?
i Ao B 28 [ Qsua || 257 202 152 | 209 159 177 180 173 -
Qmu | 1.06 - - - - - - - 1.06
Qsu - 135 | 0.86 | 1.42 | 0.87 | 1.08 | 0.97 | 0.88 | 1.06
Qsu - 135 | 090 | 1.43 | 211 | 1.46 | 1.32 | 1.19 | 1.39
B b :
(RBR/EEHE) | Qo - 481 | 408 | 383 | 282 | 3.50 | 3.12 | 2.89 | 3.58
Qsus - 185 | 150 | 1.83 | 1.08 | 1.34 | 1.20 | 1.13 | 1.42
Qsus - 124 | 105 | 126 | 099 | 1.11 | 099 | 0.92 | 1.08
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1)

2)
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5)

6)

i R AR S AT R 0 B BR AR O B KM 01X B i R R R E I K0 RS L < FEAm
HHETCTH o T2,

RCHEIZ RSN OFAKREDOFHEMEIZ, BE@EIL 0.5 OREBRAKD
RARM D Z ER DR E R, BElALERG O 2 WakBRIR o 58 B T 2.0
EHZLOERTH T,

RC BLHEIZ IR & U 2 5441 O A W7 58 JBE oD 58 J8E bE TGRS 148 3.58 TH Y,
BAFEM LT E TV ORRE o7z,

EPEFRSH I R SN D AW RE XM EL Y 142 TH Y, B O AWE
FEORBE LY 139 SIFEAELEDLL RN T,

P 5T Ko THRRE S N2 # M AT ARG 12 L 72 BEAE o #F A =N oD o T
ROAMBERSWEOD, BEAA2zEBE L 3 BE0RRELLIOE
W ALAH IR O 7R WEREBRIR OIS 1.0 2 TRIZ KR & o7,

BETE O FFMIE TIEABRAE DR KM AL RKERCFHMTE NI LML
MEZRD ZEORKENS BHBAMEITR KM AICEEELZRITT OO,
BEAE o 3 A 20 C 13 B il FLAL B 135 T S 409787 7o 72 48 Jm) 50 B R Al 725 28 a4 B2
TH D,
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LT B AL E O R D AT B CTH W D e BRBRIR 4 IR & R AT R 5
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DI EETT AL LT,

511 ICEHERBRIK SC17T Ot ET VA RT, a7 0 —b, EEKRE
FOFAR BT AEARERICER L2, BBLEAMO=a 7V — MI=ZAHEE
FICEBL, M2 HBEEMZ2 AR CTHI L, kX 28ia b7 XEHRIC
EHL, 27 V- bNERLEMHERLZ I VERCTHES L THEXBHZ S
B U 7o, A BR IR 5 U D B~ D E ) O E S LB T & Bk B3R A W
LT HETHBALE X7 FTHMICBU 28 AT XTOEHEZTEEMRE L
T=o 2, RBREGKEICEIT 2T X COEMAOEI T HENZ B E LT, f#
MrCixg Lot EobRICEMNE 5252 L TEROBHRNZ HE
Lo, FENTIZAEMHEIC I EREFEROM D 7T m 7T K8 L, ERIZEWNT
B Kt % fdk L7 E A 1/100rad YA 7 )V F THE L7z,
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KEIN D 5.1.4 8 F TIEIARMH THWZH BRI 2 7897,
(1) T v
a7 U — F ORI, Zdhil ) T O 8 S 1 Ottosen @D 4 X

TA—ZETIVICHF S DRI O2HOCTER LT,

Ottosen O fiff 2 5 4

J 1

PR W (5.1.1)
O3 O3 O3

ﬂ:Kl.cos[écosI(Kz.cos3¢9)} cos3 6 = (5.1.2)

7 —cos”' (—K, -cos30)
A=K, -cos 3 cos3 0 <0 (5.1.3)
I,=0,+0,+0; (5.1.4)
1 2 2 2
Jzzg[(o'l_o'z) +(0'2_0'3) +(O-3_O-1)} (5.1.5)
20,-0, -0
cosf="1 2 _3(0<H<60 (5.1.6)
2/3J, ( )

I

o

op 1 — il JE e 08

o1, 02, o3 : EIS) (EM %= IE)

B ikl o IS 122 T o1=00=03 & 72 D il

{22 1 0 0 )22 CRR LRSI B AT 5 Fm

Jr o AW ZEIS T D IR ARKE &

L SO —RAE &

0: w7 LofrEz Ry & (L)

A4, B, Ki, K> : MERBER» DR E D455

M S OB 4A=1.256, B=4.030, Ki=14.63, K>=0.9870

p={1|
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3 TrvaryArg4 7 =r Tt

X 5131 C200NENHBEOT Y a AT 0 7= AL RT, OOE NI
AFEFTERETREL, OVENZOBALIZHEET V22 H\Wiz, £,
SRR 22 EE S E M EMEREEZEB LT A =% 12 L L (XG5.1.7),

(Ecr /Et )C

o, =l (5.1.7)
O-CV

or: 27 ) — DRSS

oo + O OVEILFE AU )

ger 1 OOVEINFE AR DB B RO F

e OWEINERZROT A (OVOEHNE S L EHOT H)
c: MEMERELRT T A —X

Og [- o, - Cracking stress
€ . Cracking strain
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M515 #HHOEH—-—VTHER
5.1.4 fI&EDMHERE
506 1 C8kHE a7 V= OB -V BEREZRS, FEHIET—

TV B4R 1% Naganuma D ET /L D& =N L 7=, KRMHHFICT 1. 8 L 0%
KIS TR =0 8 S, 0LCHR 30) D HEEHIEICHEWRTE LT,

Tub----- T, - Peak stress
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Bond stress

S, 28,
Slip
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52,1 Tl KA 278k L= E A 1/100rad £ TOEREB L O OF A
Wi — B RAERE RT, AR 2N PR B ILO & D R BRIK Tldik K
J1E TORBEMHERITFER & T TR 225G &2 R U 7o, Bl L2 $iid iz &
BRI SL17 B K OVE @ AL A ¥ 7N & 2 3Bk SR17 TliX R=1/200rad *
TOBREVERITIERR & RN C RAFIT xS Lo, BRI 71 & 2 5 & AT I 28R
ZERILDFERE ST DD, EBREMATEZRIT 10%REICINE > TV D,
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