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5. Shear Strength of Anchors for Bracket

by Yoshimasa KAWAJIRI*, Katsutoshi OHDO* and Katsunori OGAWA*

Abstract; Brackets are widely used as support of beam-type shorings for concrete placing in bridge
construction and are the most important members of the support system to prevent their collapse
accident.

Usually these brackets are installed using bolts in internal thread anchors embedded in con-
crete of bridge piers. The purpose of this study is to clear the shear strength of these anchors
and bolts, with the emphasis on the followings.

(1) Effect of bolt fastening on the shear strength.

(2) Effect of clearance between bolts and their holes on the shear strength.

In experiments, plates installed to anchors embedded in concrete block model were pushed
out by loading machine.

Result of tests are summarized as follows;

(1) Crack load and ultimate load increase in proportion to fastening torque in bolts.

(2) In case of plural bolts having clearances between bolts and their holes, shear strength
decreases compared with that one with no clearance.

(3) From the results in this time, crack load, Pnc (tf), and ultimate load, Pny (tf), are given

by equations below;
Ppc=n-[0.64Tp + 8- (5.76 ~ 3.76)],

where n: number of bolt, a: 0.85 ~ 1, 8: 1/n ~ 1, Tp: bolt axial force(tf)
Keywords; Anchorbolt, Bracket, Bridge construction, Beam-type shoring, Concrete placing
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Table 1 Mix design of concrete

ars) - OEE
TR (kegf/m3)
WEM | BN | RAH
160 | 267 833 1060 2.78

A B P S N

R ERE gz
BRI
(mm) | (cm) | (%) (%) (%)

25 14 4.6 60 44.6

b & xexv M

Table 2 Compressive strength of Concrete

Ao Y -+ OEMBEE (kgf/cm?)

18 4 38 8 i
EYERA | 198
WEsE | — 206 240 235

10 8
279 — —

Table 3 Mechanical properties of anchor
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B | BFR it 71 515 e
RO | B | BE [
(mm) | (mm) |(kgf/mm?) |(kef/mm?)| (%)

SD35/D35| 34.9 | 110 | 40 ~ 42 | 59 ~ 62 22 ~ 23
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Details of anchor
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Fig. 2 Typical test concrete block and arrangement of anchors
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Table 4 Mechanical properties of bolt
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Fig. 4 Variation of arrangement of holes for plate
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Measurement of axial force in bolt
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Fig. 7 Frequency distribution of length perpendiculars to approximate plane

ELEEL» - DEEEROS A

NHTh D, Toh—DEORBIIT Y H—DE

REMDRHAHERDBIDODLDTES =V
k-7 (Fig. 6) s 27V — bDEREERFHNE
DIEHAFHERDBIZDDLDTT 1 —» 1 D
Ty ZIZ20WTRIE L, MEFEEEE B
Eyr—oiIcky, BBEE-NVFEFXY—Yicko2
(Fig. 6) o F72N M OREIZ, 5.2.3 LFFED
FEIZE -7, MBERET V7, SV aryz2HiaLT
T4 27Uk L2,

53 KRERCEER

5.3.1 FHEER

1) 7wy ZEOMY

T2 UNMEREa Y7 ) — N EEE TOHEBENE
HHE 60 A% 3 LR/ AREIC & 1 ELTE %KD,

RIZZ DM &5 m F COREIEEE % K72, Fig.
TRBIZELRZ 072y ZHEIZOWT, ZFR6D
EDELS, Pl 5Kl S/ME EHEFEE%
RKDI2DBDTHbD, Thbicksde, ELUFED»S
BRETHEBII7Tay 212L D35 X055 54,
FEHEICIZZE 16 mm ICH B LB, F
PeB/AMEIS D 7 ) REWEL A LN B DS, ZiFE
BROMEDBEER V7 ) — ORI L 5/HhRD
MEBEDRFRLT—F 212720 ThH 5,
2) avz)—(r7uy 77 v—oEmkii
A—RUVBIZE->THILMAToNAKECTER
71— Ry DFFRR 2 FARHER, WEOEMEHR
%N A3L, ZOEMIIREMKT, Y s
fLED 7y 7ick ) B% %I Lh45-72 (Photo
2) o COEMRRAERDIRFOBITRRICHL T



—84 —

Photo 2 Contact patterns between plate énd con-
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Fig. 8 Frequency distribution of axial force in bolt

by fastening
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Table 5 Experimental value of axial force in bolt
by fastening
KDt D DRERR
OB E HEAHTER (tf)

% [E (gf)| &8 | W@ | H—K
A 55 36 2.91 4.75
B 65 42 2.18 3.51
C 47 36 1.54 4.07
D 60 26 1.95 4.53
E 59 47 1.35 3.20
F 65 45 2.08 3.60
G 67 58 2.00 5.30
H 60 36 2.36 3.90
1 60 24 2.31 3.83
J* 83 24 3.92 7.17
K* 75 23 3.41 5.86
L 58 19 1.60 2.59
M 63 34 2.80 4.44
N* 65 37 3.44 4.66
(@) 54 51 3.24 3.30
P 58 33 3.14 4.13
Q 63 48 1.23 5.06
R 62 23 2.50 4.67
S 65 31 2.45 4.30
T* 90 23 2.65 5.65
U 65 47 2.89 4.51
V* 53 31 3.32 5.12
w 55 54 2.10 4.29
X* 73 33 3.13 4.51
Y 75 34 3.01 4.12
Y/ 56 21 2.71 5.08
i 2.51 4.44
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Table 6 Result of friction test
ERIESEERIER
oy RV PEERHTSRME |[IBVHBROFE | BAFHE
A By (tf) (tf)
(tf)
F19BR1 1 3.5 2.30 2.50
F19BL1 " " 2.04 2.43
F21BR1 " " . 2.05 2.45
F19BR2 " 7.0 4.10 4.50
F19BL2 Vi n 4.02 4.38
F21BR2 Vi " 4.00 4.83
F21BL1 3 3.5 6.45 6.45
F20BL1 n n 6.30 6.55
F20BR1 ” n 6.15 7.20
F15AL1 5 Vi 10.52 10.65
F15AR1 Vi n 11.20 11.20
F15BL1 " " 10.80 12.20
F15AR2 " 7.0 20.70 26.80
F15AL2 " " 19.50 22.10
F15BL2 ” ” 20.30 23.40
F13B1 10 3.5 25.80 26.30
F14A1 n " 25.70 26.60
F14B1 n " 21.70 23.60
F13B2 n 7.0 48.00 51.40
F14A2 N " 46.80 48.90
F14B2 ” ” 39.70 46.80
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Table 7 Result of shear test
* AMTRERER
£ T v —RERHE R R S ERTE BRI
| me a b ARE RV BT | BRI b v (tf)
(mm) | (mm) (tf) (kef-cm)
S9A — — 1 — 500 18.60 |7 > 7 —HiHF
A S9B — — " — o 16.55 | &)L B
S10A — — " — n” 19.80 ”
S21AL5 | — — ” 1.0 (500) 19.50 ”
S21AL4 | — — ” 3.5 (2700) 19.60 ”
B S21AL3 | — — ” 3.5 (3200) 19.50 ”
S21AL2 | — — n 7.0 (3200) 20.40 "
S21AL1| — — n 7.0 (3400) 20.80 "
S11B 200 — |5ARLH1AEE — 500 79.00 | &RV MEEHT
S11A " — n — 1500 84.10 |No1,3,4,5 K\ M
No.2 7v7i—W
S12A | » — 5ARIAEE — 500 80.30 |No2,3,4,5 K b
No.l 7 »rh—W
C Si2B ” — " — 2800 87.20 7
S13A " — 5 — 500 96.40 |& W) MEEHT
S510B 7 — " —_ 1500 89.60 n
S14A n 200 10 — 500 173.70 |7 v v 7 HEE
S13B " n n — " 198.00 &RV hHEEE
S15B " 250 ” —_— 2 187.00 ”
S21AR1| — —_ 1 3.5 (2100) TWE 12tf VUEINAE Y
S21AR2 | — — " n (1900) n 10tf  n
D S21AR3 — —_ ” n” " n 8tf ”
S21AR4 — — n " " n 6tf DUEINEE L
S21AR5| — — " 7.0 (2900) n 8tf "

*Fig. 2 28
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M7 T HRENHDIZETV— F BN 1RO BH7
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HE—7oh—Fmig (K1, E£4)

DL EDHFRFMEIR, 2)RDKNVE 1ELYD
BAFE Pue W TRRTERDLT I LHTE B,

P'n,uza‘n'Pu

(3)
=a-n-(18.3+0.33Tp)

722720, Ppu: T¥A—FKN I nADL EnEK
& (tf)
n: T ¥h—EKV DA
o IRV P ROFPEIC & BEEDFRIFE
To: (1) NiCE L
I Tald RNV P ROFEIC L 2BENRAEE (R
BYELTWHADBERL 1L L E0lkER) 2EKb
TH, ZTTIN—7 CORERIZONT, BATE?R

REEL AW HHMERSE RIIS-SRR-91

Table 8 Remainder ratio « in shear strength
WEOEREE
KO WARWE o
Bl (tf) (t£)
14 1.0 79.0 0.85
RS 3.5 . 84.1 0.86
3k 1.0 80.3 0.86
& 7.0 87.2 0.85
5 AR 1.0 96.4 1.03
& 3.5 89.6 0.92

Pry CHELWEBWTERICEY a 2%kDBL,
Table 8 IZRTIHICZK %, a (3, B AT E T
LIAREE 3AEEZELHZINEDLLTHO0.85 ~
08 THY, n=5 DL EN a DE/IMEIZH 0.85
THBIEDbh b,

EBRDT 547y DT A —ENV I 10 RFEET
FEHINBIEFZND, KVEDZ )T 5 RN
—EDHE, —RiICaNB/MEIE n B L T3
THLDEBLNBEDT, 54D E EXDH/ME 0.85
BLoTBITER2MC L bnEBEbd, £725
AEEDaMIFT 1 THHIZ LR S13B, S15B Dk
R LRV PROMEICABEZITNIETRHE LT
BENMET2EZHREIILWEWI S, THZ Lk
(353370 2) D (4) ThRI2ay7 ) —MEALP S
DR E B—EHL T 5, %8B, Fig. 21 (i3 (3) X
ZBWTa=085n=1%&L72EHLRLED, 13
EAYDERMER, REHFELY EHFCHY, RN
REMICH D I EDHD 5,

4) 7T v REME

77w 7 REMEIL, BRWEICHKT»% DK
, BELLRETREZ2LOMEIRIZWERbN
5%, BB L EP LHEMERENDHEN 1 DI
HLDEBLNBIDOTUTICEET 5,

%9 Table 7T D7’ NV—7"D m#EFRIC I ZE, 7
Zw 7 RAEFMEEZHEOMIT RNV 0S5 3.5 tfd
LE6~8tf, MTtfnL & 8tfULEMEIN,
DT HICHFILTREL LB LI R %, —H,
7299 73T ra—ickbarr ) — bKERHED
FRTETLIDTHEPLEFDRELT VH—D
EMICRZALPORBURESHEbDEBbIS,

FITIN—TD ERULTay 2DRNDT 7 —
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IZDOWTIT 72N —7 B DEBRERIZOWT,
BTy A—DEDOBRERSZ LIZT 5, Fig. 22
2, SHEREICOWTHO LA 1 DETH B8, Ei
RV b OKEDHITH AR E W& EIIBED DO
BEBEENCETLIETELZw, LEALEIED
WHBOTH LDREICKT 2 BB EIAIIFEOMF
FhErrboFTIREF—ENE ) THE, INLD
BULHMEBERVEZENOBBRIIARTELT I LWT
x3bnEBEbND,

P.=F+C-¢ (4)

72725 L, Pe: FEME (tf)
F : BT (tf)
e £
C: BAELY) DMEDHIME (tf)
ZETC, av o) — b REF—EffieglcE LI E &
2759 2 BRETBHLNDELT, C'=C-g, £72
F % (1) 0BREBEFEICELWEBIFE (@) Rid

e = 0.64Tp + C’ (5)

L% b,

7272L, To: (1) RiCEL

% BRIV T XIS 12 5T b R B H*
BRohd, £2C, ERICZNV—7D OEHHED 5
L2759 I HBRELLEBDLNS LENE, To=23.5
tf, P.=6 ~ 8 tf #fXAT B &,
C' =576 ~376tf L%V, K (5) &

P. = 0.64T} + (5.76 ~ 3.76) (6)

Ll b, SN LARDT VA — W ERT 5
BADI S5y I REFMEODBRR2EDLIRTH 5,

B, 279 INRETHERbNALEDT ¥
H—DEIFIIN—-TD OEREIN—=TBOT
H—BOFT—2I2ENE, B 1IiI2BWT 2000pHI#4
TH DY, COEATT v h—MrBEBR LD
Bbihs,

RIZ, BEDORNW N TRY [T 7258007 Z
IREMEIZOWTIE, EREIT-o>TwiWwA LR
DRERD SHEBILTA B,

9, KVPERVIFROMBEOBE» S FE
BET v —CHEERTAHEN7 7 v 7 RE
TIE Ppe i3, (6) RD P HCTRRATEDLT I L
NTEBD,

~-93 -

PTLC’ =7n- PC
=n-{0.64Tp + (5.76 ~ 3.76)} ~ (7)

72750, n: RV MR

To: (1) NIICEL
—H 7V —bDORET U A—DUEBERTNED Y,
PRIV b DEEDAT H AN E CEA IR DR
WHETHEENRN P CHEFEFL, 7597
HRETLIEFEZ NS, LPLITNIDEE
ATH RNV FDOEEDFT A RETIUIERICLY
TV — b DOBEDLEDSNE D, FEFEEL D
DEBHOBIICET 2 ETRHEDT v 71— ICHE
PEPT IR EVWINDELEEDLNG, WMEIFEK
BEEMEICE LS BRiELHA 1 EKDORV DA
PREZ2BEETILEZDL, COLEDYHATZ T v
7 REME Py 13, RRAZLBDEBEbND,

Ppor =n-0.64Tp + (5.76 ~ 3.76)  (8)

¥R, BEOFRN TR NI 2GE0MA7 7 v
7 REMERR, (7)RN2 LR, 8)XETRE LK
ROFEHICHEIDER b S,

Pre = n-{0.64Tp + B(5.76 ~ 3.76)}  (9)

7272, Pne: RIVE n AN L EDWA
77y 7 RERE ()
To: (1) RiCRI L
B: KV P ROMIKBEEIC & 2455,
B=1/n~1
5) BHAFERE LR
ToyA—FRNVFOMEEEEN ) b2y 7 ) — D
KIEREEIC DWW T, IR IR ER L LTXK
D 2RIPFENHENT B,

QCT - 1/4D . e *Ocu (10)
Qer =2D? - 0cn, (11)
72720, Qor HERHFE (cm)
D 7y h—DERE (cm)
L T A—DES (cm)
Ocu 13 ¥ 7 V) — P DIEMERE (tf/cm?)
F72, X275 v 7 RAERE & LTARHHE
%én‘(lﬂéo

ch - 1.55 *Ocu (12)
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Table 9 Calculative values by practical equation
BERNIC L 2 EHEE
(t£)
B A X A D EERER
279=t0| (03 oe | 4= 102
XIERE (12) X 108
RV bD
AR (13) X 194 | (2) X
18.6 ~ 20.6
TH—D
, 18.8
esppmr | DX

ZCTHWRAMEL 7 7y 7 REFMENFRLLD L
LT, LRREARICL 2 EELABOERTHES
N7 7y 7 REMBOWER (6) Ik 5THEEE
Table 9 2R3, 727/2L, D =3.49 cm, £ = 30 cm,
Oew =024 tf/cm?, To =1 ~ 7tf £ 3,

izt s, BRANICE 2REMBE LA HDOMHE
RFIFT—HT B LG H 5,

KiZ, RV E213T7 oA —0BEEaEICA LT
RAFHNLNT W5,

Qu = Ap - Ty (13)

VAYAR DR

Qu: KV M FRIT v —DRREEE ()

Ap: FNVF ZUIT V H — DOBFER (cm?)

Tou: KNV b ERUIT ¥ 7 —DEWFRE (tf/cm?)
ZZTERICE 2FIEME L SRIOERTHE LN
BAMEDHEER (2) 1 & 5518 E L 2 Table 9 i
R, 72751, KL bDEA, Ay = 3.03 cm? (R
CE DA XWIEE) , Th, = 6.41 tf/cm? (BIRKRE
D UVBIELRE) , Trh—nBa, Ay =r/4x
3.32 — 3.03 = 5.53 cm? (Mtha LI OB IWIEH) |
Toy = 3.41 tf/cm® (BIEERED 1/V3ELRE) &
L, To=1~T7tf &35, .
ZNICT I NITWEFEMEIZIZIZT L TwB I &
555,

22T, LREOBRORER, T Ah—nERE, a v
7)) — VEEFRLIHEAORNVNELEIT A —
DRFEEDO—HERNE LT, (3) RAELDTEIMANE
198% (13) ReBERI RN EREL 2V,

Prpy =a-n-(Ap - Tpy +0.33Tp) (14)

RIIS-SRR-91

72720 Pru, n, o, To, Ap, Thuid, (3) X, (13) X
CRLET S

Ffklc, 27 ) —bOXEBREO—HEAE LT,
(9) KicBWT, FHAMELNZ (10) REF 22K
REBEBELRW,

Bw:nwoM%+ﬁ-%¥-%@ (15)
72720 Pue, n, B, To, D, £, oculd, (9) X, (10)
RiCEIL T 5,

LR EIR, L LMSITIEH DY, SRIDEBR
SMBICECERESEN T2 6, ERANCELXZS
WwhnEBbinsb,

6) HEfIE

ek, SMBREMOBAEMEIIZOBEICAHL
QP LD HERE LD LI ICEREINTWS, B¥T
H—=DEAENGFAE, 207 ) - Mo EELHT
Lo LlE 26 BEULEORERLE LB LY ITT
B EHELREREDLNS,

7 2 TR, ERETERELIHEARWNES 2.5
TEH 2L DHBMEL LTERE2ITAE L, L
PLYT A=KV FoBE, IRAMEICHERLT
75y ) REFMED P VIR D LRLDFEMWE
UTFTCL72 Ty 7 FRETHILIEZ LN, £
T, HMHITIEH 2L TOEZFIE > THE
MEPRETHIEEZHRET S,

Ti—250D7 59 7 FELTHIREEMEN T
T L WHAIT B) Rk 5HERHFESL 2.5 THRL
TR AMEL T b,

—%, I MEEF)DREE2MEICT 554
i3 (9) RD7F v 7 REFEICH LEAMICHIT 2k
RERKTI2DOLFERBED 1.5 DELEELLODLH
TN ELERbLNSE, L2L, 727y 7RE
FERRVIPROMIBECRESEAEINDE L)
TOTRERIBLTRDEICT LI EZRET 5,
TbERVIROMIBELVRLET v —I128
S\ ESMERAT 2 LELNSEAIE, R (9) KBV
Th =1, LTRDEIIZHL 1.5 DREREZED
91T 3. 20HDBAIE, AL f=1/n &L
TRDIAEIIZH L 1.2 0FELEEFHFOLIICT S, &K
ERE T ORBREIHKEELZRLLTEY, 1.5
TRBLTELLEZLPLTH B,

P ED# 2 Fi2ii-> TR Z IFARERTIY) H1F
RT A=KV 0 RDBLEDHBEMELHET S
¥ Table 10 I27% 3,
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Table 10 Allowable loads
HRHNE
(tf)
wrto | ) Ricks @) Ricks 9 Rick3
#h To RV b DR AW T v — e AMTRE av ) — b XERE
(tf) a=1 «=0.85 a=1 a=0.85 p=1 f=01
1 79 67 76 65 43 10
3.5 82 70 80 68 54 23
7 87 74 84 71 68 42
I LU, IR IZIERBIRTN 40 tf DFA, K 75y 7 REMRE
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