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Study on Evaluation Method of Structural Performance of Structural Components Using Post-installed
Adhesive Anchors
ABSTRACT

In recent years, population decline, aging of society and vacant houses have become noticeable. The
connecting technology of structural components using post-installed anchors is indispensable for effective stock
utilization of existing buildings. Up to now post-installed anchors are used for only seismic retrofit work,
however, recently it is expected for use in large-scale renovation works such as use of reinforcement at the end
of a new opening in a structural wall and use of connecting bar between new slab and another existing
structural component under long-term load.

Therefore, Building Research Institute(BRI), National Research and Development Agency, Japan, investigated
the applicable conditions of post-installed adhesive anchors and proposed the evaluation method of the
structural performance of structural components using post-installed adhesive anchors by implementing
physical properties and quality evaluation tests of adhesive used for post-installed anchors and tests of adhesive
anchors in a concrete and by experimental tests on structural components using post-installed adhesive anchors.

This project is mainly done in BRI’s research agenda “Study on verification of structural performance for

structural components using post-installed adhesive anchors™ and the project of Ministry of Land, Infrastructure,
Transport and Tourism, which is “Study on evaluation method of structural performance of structural
components using post-installed adhesive anchors” during 2015 to 2017 with research collaborators.

(1) Through shear tests and tensile tests of post-installed adhesive anchors, standard tests for quality
evaluation (adhesion strength test, creep test, tensile test, and shear test) of post-installed adhesive anchors
are proposed

(2) Through the tests of physical properties and quality identification of adhesive used for post-installed
anchor, evaluation items and evaluation criteria for adhesive resin, compression strength test method,
compression modulus test method, adhesive strength method, burning test method and alkali proof test
method are proposed

(3) Through experimental tests for structural walls and slabs, test method for structural performance of
structural components using post-installed adhesive anchors are proposed to verify the performance of
structural components with post-installed adhesive anchors.

(4) The quality control guideline for construction work using post-installed adhesive anchors is proposed to
guarantee the quality. Effect of in-situ work’s accuracy of adhesive post-installed anchors on tensile and
shear strength, is confirmed. Also, the test method for filling state of adhesive by electromagnetic pulse
method, and the testing method of embedded length by ultrasonic pulse reflection method, are proposed.

(5) Based on above (1) to (4), the draft of examination criteria for strength designation of post-installed
adhesive anchor, for adhesive anchors after installation, and for structural components using post-installed
adhesive anchors, are proposed. The point of the draft is that it is examined to apply to structural members
using adhesive post-installed anchors by injection method, including the viewpoint of the quality control

and construction management.
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MR LIZZ D, BERZOLONPHIEICE ST alREEL H 5,

£2.2.224 WEREACLDOMNEEAEDFEHES L UVEERE
fHAETREE (N/mm?)
B S i 27— FRm IRAE
A | P R A% | CEHE MRS A% | CRHE (R

T I
vl

LR TR b

15 1.001 0.040 22 0.991 0.051 3 1.016 0.100
(M12 - M20)
RIS

29 0.995 0.058 5 0.953 0.032 13 1.030 0.032
(D13 - D19)

#2.2225 WERACEORRKFNEFOEMDFEHELS X VIZERE
BRI EFFOZEN (mm)

71— :
- R S a7 ) —Mim 1RAE

AE | FHME ERERZE] ARE | PR EEERAE | A% | FME (EEYERZE
2R AL b

15 0.968 0.244 21 0.987 0.239 3 1.152 0.239
(M12 - M20)
RIS

29 1.002 0.372 4 1.013 0.287 12 0.945 0.395
(D13 - D19)
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FHoim IS T 2 AWK 25 & LCIE, 727 —ICESRICE AT 24T\ T I — R Ok 72
LEZRT 57 ) — 7RI X - TRl 21T 9. ARFITIE, BI8RZ VU — 73 BRI Ko THAE IR
Do — TR Bl LTz

7 U — 7R B kL, ACIFg#f 29 7.17 Sensitivity of sustained loading at standard and maximum
long-term temperature, & % X ETAG #8428 5.1.2.5 Functioning under sustained loads (Z#1E S 41,
RAEIC B W TIEZ OFER 2 & & ICEERE ORR7ZR EAT O T 523, AARENTIE JCAA FRREHR
PEETHIMIITER S TWaRy, BREFFRISHEAZRET H720I121%, EEeffricd LTz Y
— WA A TN EEHERL, M T LENRH D, 7 U —THBRIIERMICKHMEZET 5720
%ﬁﬂﬁgiﬁ%%@%ﬁkiUﬁﬁ%%if%%ﬁuﬁﬁ%%@ﬂﬁﬂowfﬁﬁﬁﬁuﬁﬁﬁ
A%, 2-2-2 TEICER W TR, #lim ORI IS KO IE% OFBR RS RIS HOWTIRE T 5,
BE 22231127V =7 BRICHER LG BB LUK ORERNR, BH2.2.2.3-2)6F
K 2.2.2.3-4|25C, 20C, 40CHOZENENDREBRFERIRDZ =T,

|
|

T8 22231 4U—THBCALAE B 22232 45— FRBEHKR (5°C)
B & UHBRKRERR

5H 22233 J)—THREMIKRE (20°C) 5EH22234 U)—THBREBIKRE (40°C)
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2-2-2-3-2 HEHBRER

B12.2.2.3-1 705K 2223-6 2R ¥ UHER, AL FROKHEEHD 5C, 20C, 40CHEE
T COMHER oM EEMHREZ R T, WAmEE, 7 —f M12, HALE S 5da (60mm), ff
BIREE ¢ =15N/mm2FH Y L 72 S M (33.9kN) A HAE & L, kS Ok 2122 L 28 kA2 S5
L, REBRARZGRE% 20kN FLE & COEAM & hifZ 3 BV IR L%, i oOmEOKE S E
LT, BEEMBEICR L TIKNBEREWMELHEM Lz, 2K > T, EliEnRroLEEL 7 )

— WA OB BN TIERFRE & 72 5,
X2.2.2.3-7T~&2.2.2. 3-18 |Z# B LA 7~10 H DK K HED B IS ORI ZEb 3 L O
M EORGEELZ T, REREICIV 7V —TEEENELR>TEY, FIZZRF R TIHIEEMN

B EERELRE LS RDMAN AL, FFICACREICBOTZOBMNEE TH D, Wik
1 HABBETER, YAV MREIRXI VR TIHIRF U ROLEFENRE L, HEHHEAER O R
CRBETH D, WMMEIILELTEY, 7V —7ICLDEFREDORKEV 40°CO TR X 2R NE T
HEPME T T 2HMA RO 5,

7 ) — 7B R OFHEIE, ACI RSt KX OV ETAG FEAFAEHE T, RBRMIM 70 H~90 HIZEKIT D
i & 7 V) — 7 EEREOM & (2.2.2.3-1)RUCH TE D T/ F|-IEIC £oft¢@%ﬁ%*@ ﬁ%*
HZEORMO 7 ) =T TR ESL, T2 THONEZ V=7 PRI, 1BE LRRERFIC
J5 7V —TEREEHE L, EEARBRICR T 2 RRMEROEM LT, 7 — 7W%
DS TR U —TBEIIAE LR ET 5 Z2{T> T\ 5,

S(t)=S(0)+a-t" (2.2.2.3-1)=
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— ey
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2-2-3 HABRIEDIZx T B MEEEET il ER
2-2-3-1 ZEERETHE
2-2-3-1-1 EEBROER&EKE

LM LT A — DR AMERE S LTIE, &RMABITEARICHIZ L DT o —HRV FO¥A
Wi & (AMENE) AeElixtR & 725, BEFORMTIE 29 2N X5 &, RKnx7T v —=R
v kDO AWIBEIRI L= 7 U — MRS K 2 SRR COE S, B AMIRIEIL Y o — R
N OHIFEMEE 2 7 V= ROV U TR TIRESND EEZXDOND, REBRTIE, 7 —HL
N DR AIBER T 2 AT & A WTIINE O FEAGRER FIEICBA L C, 20O Y AR T 5,
+2.2.31-1 ([ZHERER LA#EL R, BRIZa> 7 Y — NREE 3 KM, 7o h—HFEE - &%
IMSH, HIAAMEAL 3MBELEL, ZhODEREZMETLZ LICED, £ 2 .2.3.1-2 [T HEBRIK
ZEIE L7z, 726, HUALR SITEAWEREN L E RO ERERRIZ LD EEEZZ T RN KD
WZ7da (da: 7o H—RL ME) D LKAEE LT,

x2.23.1-1 EBREREKE

Z0F | No. ZK] K YESRL 7K e % GRBRHAY)
a7 ) — EE (o) 3 18 -+ 27 - 36N/mm?2 Yo TR D
B B T — R - £ 4 D13 - D16 - D19 -+ M20 | SZJF i fE D 2%
B C HIAALE X 1 7da
® TAHRFY A | BEER O EMERE
D 72 45 75| TR 3 -
PRATAR TRFTT U L— | | OB

% TRUIEARL THKETHY, FERORBRELIIN=S & LT,

#£2231-2 BRA-ESIVERER—E

RBR{A No. Fe e | HEEA | AL R FERAE S Sy
(oB) | #ifE x| £ B D AW T No.
1mm 2mm 4mm 8mm
(mm){(mm)| (kN) | (kN) | (kN) | (kN)
E-18-D13-1 16.389.3| 275 35.3 39.0 -
E-18-D13-2 18 D13 16.1 | 91.5| 27.1 36.7 38.1 -
E-18-D13-3 (26.8) K ¥y (158954 | 27.9 37.1 45.8 - 1
E-18-D13-4 “/ | MK785 16.191.3| 25.8 34.4 42.6 -
E-18-D13-5 16.0 | 92.1| 28.0 37.3 44.3 -
PE 16.1 (919 | 27.3 36.2 42.0 -
E-27-D13-6 16.1|91.1| 28.6 37.5 43.4 -
E-27-D13-7 o7 D13 15.8 | 91.5| 26.9 37.9 45.1 -
E-27-D13-8 (35.7) K ¥v [159]915| 24.6 34.2 43.0 - )
E-27-D13-9 "/ | MK785 16.191.9| 265 33.3 41.7 -
E-27-D13-10 16.0 | 91.4 | 28.4 38.5 40.3 -
NN 16.0 | 91.4 | 27.0 36.3 42.7
E-36-D13-11 16.0 | 93.7| 25.1 33.3 42.8 -
E-36-D13-12 | . D13 16.0 | 92.9| 23.4 31.5 40.7 -
E-36-D13-13 (43.8) ok %y 1 16.391.1 ] (17.3)" | (24.6) "1 | (37.0) ! - 3
E-36-D13-14 "/ | MK 785 16.392.7| 21.8 31.9 42.3 -
E-36-D13-15 158924 | 26.4 35.8 44.6 -
S 16.1 | 93.0| 24.2 33.1 42.6

2—41
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E-27-D16-1 202 [111.9] 38.9 | 486 | 58.0 .
E-27-D16-2 | ,, | DI 20.0 [1150] 322 | 441 | 54.0 3
E27-D163 | el T %y [20.0 [116.6] 334 | 443 | 57.2 . .
E-27-D16-4 ) | sHD685 20.0 |116.4] 38.1 | 456 | 557 .
E-27-D165 201 [1165| 343 | 404 | 497 3

AL 20.0 [115.2| 35.4 44.6 54.9
E-27-D10-1 24.4 11355 504 | 700 | 99.0 .
E-27-D19-2 | ,, | DI 2411355 360 | 629 | 87.6 .
E-27-D103 | ey T %y [24.2 [1332] 473 | 69.2 | 92.0 3 i
E-27-D19-4 ) | sHD685 242 [1356] 569 | 79.1 | 104.2 .
E-27-D195 240 [133.9] 491 | 73.7 | 962 .

AL 24.2 [134.7| 48.0 71.0 95.8

E-18-M20-B1 231 |1414] 498 | 769 | 1120 | 1328
E-18-M20-B2 | M20 2351409 492 | 756 | 1118 | 1435
E-18-M20-B3 T %y [23.2 [1420] 51.8 | 758 | 110.4 | 138.9
E-18-M20-4 | (28:8) 5(1:3";?5 230 [141.7] 469 | 69.9 | 102.8 | 1271 | 1
E-18-M20-B5 220 [142.1] 445 | 632 | 91.8 | 1221

EIfE 23.1|141.6| 484 72.3 105.8 | 132.9

E-27-M20-B6 231 1400] 441 | 647 | 906 | 1306
E-27-M20-B7 | M20 232 [1401| 47.8 | 748 | 1120 | 141.9
E-27-M20-B8 T %y [21.0 [1425] 48.0 | 703 | 1040 | 1447
E-27-M20-89 | ®>7) 5(1:3";?5 231 141.0] 385 | 619 | 1006 | 1355 | 2
E-27-M20-10 ' 22.8 1410 (28.8) 2| (52.1) 2| (8L.7) 2| (119.6) 2

EfE 22.8|140.9| 44.6 67.9 | 101.8 | 138.2

E-36-M20-11 236 |1440] 506 | 756 | 1131 | 1425
E-36-M20-12 | M20 230 [141.2| 483 | 781 | 117.4 | 1477
E-36-M20-13 T %y [23.3 [142.8] 43.9 | 752 | 1182 | 148.0
E-36-M20-14 | (*38) 5(1:3";?5 231 141.0] 493 | 701 | 1107 | 139.9 | °
E-36-M20-15 23.1(1408| 48.8 | 765 | 1183 | 1465

EfE 23.2 |142.0| 48.2 75.3 1155 | 144.9

C-27-M20-16 235 11306] 343 | 544 | 882 | 1246
C-27-M20-17 | 27 | M0 238 (1422 491 | 72.8 | 1084 | 1373
C-27-M20-18 | (35.7) | qoppazs| €470 [28.7]14L7] 466 | 710 | 1102 | 1366 |
C-27-M20-19 oot 24211399 401 | 644 | 981 | 1322
C-27-M20-20 24.0 1426 483 | 781 | 1178 | 140.0

PE 23.9|141.2| 437 68.3 104.9 | 134.1

EA-27-M20-21 232 |1401] 339 | 621 | 930 | 1339

EA-27-M20-22| 27 | M20 iy [282[1011] 344 | 603 | 962 | 130.0

EA-27-M20-23] (35.7) |qcprazs| 7yy,oy | 228 [14L7] 307 | 492 | 0.4 | 1102 |

EA-27-M20-24 S o 231 141.7] 323 | 563 | 831 | 1185

EA-27-M20-25 22.0 [139.6] 462 | 651 | 91.0 | 1294

EIfE 23.0 |140.9| 37.3 58.6 90.7 126.2

*1o N39S 8RR &2 BT CW T RIBF T v v 7 B T=7=%, EEEN BRI LTz,
*2: ARSI & KA T Ty FOFEHTICRE N S o 72728, EWE BRI LT,

2-2-3-1-2 EEBX~7Ta—)
- ARBRIARRLE - 11 H BfJ~ (18 H Fc36 F13%, 19 H Fcl8 fI#%, 27 H Fc27 #T5%)
1414, 15, 21 A 7> H—®R/V M T
1] 1 H28H~2H 8H (FAWIA)
2H128~2H 16 B (Bl#kxhr)
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2-2-3-1-3 BRIk
(V) IR Fs L OHE

B2 23 1-11c= 7 U— MRMORBRE - LB LOER 25733, RBRERRIT 1200 X 1200
X300mm o277 U—hTay 7 THY, BESETHS, 1 BREKICOX 10 A CERERZLIC
KE5R) OF U —fEiEALATHE L L,

T A=A NOREMEEZR2.2.3.1-1 7T, FAMRBRHOTY I —iHE, £=2v 71—
NEERFIZ, 2 BROT > h — ) & R BRGS0 200mm OALE IZ 200 [MkE CEROE Lz, iz, av 7
U— bk 3k, 7k —FAIFEOSERBRH T o — & LT 25 KD M20 2R U AL b & KR
TALEICEE LTz, 72 D — i OHALE SIX T ABRBH % 7da(da : 72 8 —fHER), 5k &R
H % 5da & L7c,

200

o
5 [ T T T T T [ D13-6 D13-7 D13-8 D13-9 D13-10
- L]

» » » » » L [ ] »

D13-1 D13-2 D13-3 D13-4 D13-5

M20 x5 &K (A M) D13 x5 K (A M)
4NN 75 1]

8 8
M20 x5 & (Bl %) = =

Al A2 A3 A4 A5 A6 A7 A8 A9  AlO

S M20 x5 . = M20 x 5 A (Blk &)
< ( B1 B2x 21’3:3(1?/\1'3%? B5 ¢ B6 B7 BS By BIO
[ ] L ] L ] L ] L ] [ J L ] L ] L ] L ]
g [ Vv oy v g [ M20 X 5 2K (t A/H)
1) Fc18 D13 x5, M20x5 2) Fc27 D13x5, M20x5
IR¥Y IR¥Y
S i e
N D13-11D13-12D13-13D13-14 D13-15 & D16-1 D16-2 D16-3 D16-4 D16-5
» ] - L] » » * L ] [ ] »
D13 x5 K (2 A B D16 x5 &K (& A W)
A1l A12 A13 A14 Al5 Al16  Al17 Al18 A19 A20
° ° ° ° ° ° ° ° ° °
S M20 x5 & (B1k &) S M20 x5 A& (51 &)
@ Bll B12 BI13 Bl4 BI15 B16 B17 BI8 BI19 B20
[ J L ] L ] L ] L ] L 2 [ ] [ ] L ] L ]
g M20 X 5 7K (£ A/ ) §[ M20 x 5 7 (£ A7)

3) Fc36 D13x5, M20x5
IRFS

4) Fc27 D16x5 (ZRF)
M20x5 (A2 b)
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[ st AWTRBR K - HATL Td,
D19-1 D19-2 D19-3 D19-4 D19-5

R Glik & BBRIR - BIAZ: Bda
D19 x5 7 (t A/Mf)

200

1200

A21 A22 A23 A24 A25
(] o (] (] (]

M20 x5 K (5l#k %)
B21 B22 B23 B24 B25

300

M20 x 5 7 (£ A/ Bfr)

200

5) Fc27 D19x5 (ZRF*)
M20x5 (ZRFSF7HUL—Fh)
2.2.3.1-1 HBRAEBRE L UVER

(2) i 1At
T — O BB A2 $R2.2.3.1-312, a7 U — FOM BB R AR 2. 2. 3. 1-4 1077,
T A=, BRUARNL N E RS ARV, 2R U AL MIFEFO A M20 T, JIS G 4053 (1%
W E G AL (CHIE 415 SCM435 A L7z, BB, FRRAIREE A 785N/mm2FH Y
(RO, D13 @ MK785 1), 685N/mm?2 (FE(44 D16, D19 @ SHD685 #1) +HX dAf k& L 7=,
Mo 7 U —hiE, BEMEE (o) % 18N/mm2, 27N/mm?2, 36N/mm20 3 FHEOMA & Lz, 3£
BRIMIZ1IH 28 A~2H16 HTHDL Z b, ERMIETO=a 27 U — FOMEMEIZL H 30 A &
2 A 15 HOVETH S FiedfE s Lz,
Fc18 : JEAMEHE 27.8N/mm?, 5|IR5EE 2.09N/mm?, ¥ > 7 %%k 28.7kN/mm?
Fc27 : JEARTREE 37.7N/mm?, 5[3EFRE 2.34N/mm?, ¥ > 7 {%% 31.5kN/mm?
Fc36 : JEAEHRE 45.6N/mm?, 5|IR5EE 2.89N/mm?, ¥ > 7 %%k 33.9kN/mm?

a7 — MREIMICEWTEM L7ogl kR BRI L ot FmEZR 2.2.3.1-5 (T, 2.2.3.1-2
(2513 & R O#ATIEE d5 X OVENEHIMR DL A R~ T, ek, BRI ERBIA D5k & J) — ki LR,
ARBLIR DU 5-2-2 1R LT D, iRBRIA~D M AT, MEY v v FBLOMER 72 H 0T,
M 10KN/min F2fE & 72D KOS TFEVCHifmr Lz, MEOFITe— NEericky, kHLED
FHIlZ =27 U — FRE D OE X 80mm OALEICK W TAEL 2 FET TRl L7z, v— REABLW
BNLFHTT — 2 v 7 =28k L, #fy T30 3 B[k Tkl E 217 - 72,
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£2.23.1-3 7oh—HOMHRBRER

B RO LR TT > 0 —HIKOMERER X O E RS HUR

ERYNGEES Yo 1R 5| R B R ERON
[N/mm?] [N/mm?] [N/mm?] [%]

D13 (MK785) 805 1.66 X 105 986 10.1

D16 (SHD685) 720 1.82 X 105 946 12.6

D19 (SHD685) 742 1.70 X 105 989 11.6

M20 (SCM435) 951 1.97 X 105 1033 8.2

%2231-4 avy)—rOMBEHBHER

Do s=18N/mm2, #J&%H 11 H 19 H, FEO*13.5-18-20N
AR H 11H23H |11 H26H |12H17H | 1H11H [ 1H30H | 2H15H
# 4 H 7H 28 H 54 H 73 H 89 H
e gent BGEk | BLGER | BUGERR | BUGEW | BUGEm | BUGEHR
Hig g 3646 3651 3650 3658 3659 3640
JEAETRE N/mm?2 14.0 16.0 21.0 26.8 26.7 28.9
EIZLBHE N/mm? — — — 2.10 2.09 2.08
T/ $% % kN/mm? — — — 29.0 28.3 29.0
@ o = 27N/mm2, #J#%H 11 H 27 H, LY 21-18-20N
A5 H 11H30H | 12H4H |12H25H | 1H11H |[1H30H | 2H15H
1 lin 3 H 7 H 28 H 46 H 65 H 81 H
e gent BGEk | BLGER | BGERR | BUGEWK | BUGEm | BUGEHR
Hig g 3645 3632 3633 3630 3640 3643
JEAFETRE N/mm?2 17.8 25.5 33.5 35.7 36.5 38.8
EIZIRE N/mm? — — — 2.36 2.27 2.41
T/ $% %0 kN/mm? — — — 29.4 31.8 31.2
® o0 B=36N/mm2, fI#%H 11 A 18 H, FFU¥30-18-20N
Bk H 11H21H |11 258 |12H16H | 1H11H | 1H30H | 2H15H
1 lin 3 H 7 H 28 H 55 H 74 A 90 H
e ent BGEk | BGE | BlGERR | BUGEWK | BUGEW | BUGEHR
HE g 3663 3670 3633 3667 3622 3634
JEAFETRE N/mm?2 27.5 32.5 38.3 43.8 45.4 45.8
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