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The Relation between Pullout Load and Compressive Strength of
Ultra-High-Strength Concrete
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Abstract

The pullout test, a nondestructive testing(NDT), for pre-installed inserts is perhaps the most widely used technique to
estimate the in—situ compressive strength of concrete. It measures the force needed to pullout a standardized metal insert
embedded into concrete members. The pullout test was certified by the American Society for Testing and
Materials(ASTM) and Canadian Standards Association(CSA) as a reliable method for determining the strength of concrete
in concrete structures under construction. To easily estimate the strength of ultra—high—strength concrete, a simplified
pullout tester, primarily composed of a standard 12mm bolt with a groove on the shaft as a break—off bolt, an insert nut,
and a hydraulic oil pump without a load cell, was proposed. Four wall and two slab specimens were tested for two levels
of concrete strength, 80MPa and 100MPa, using a simplified pullout tester with a load cell to verify the advantages of the
pullout test and simplified pullout test. The compressive strength of concrete, pullout load, and the rupture of the break—off
bolt were measured 11 times, day 1 to 7, 14, 21, 28, and 90. The correlation of the pullout load and the compressive
strength of each specimen show a higher degree of reliability. Therefore, a simplified pullout test can be used to evaluate
the in—place strength of ultra-high-strength concrete in structures. The prediction equation for the groove diameter of the
break-off bolt(y) with the concrete strength(x) was proposed as y=0.0184x+5.4. The results described in this research
confirm the simplified pullout’ s utility and potential for low cost, simplicity, and convenience.
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The Relation between Pullout Load and Compressive Strength of Ultra-High-Strength Concrete

H 12} F oA E AL Sl HE Aro 2 7% oluk
b, _E'/] [AHARE SPEE T - 7IE Table 1. Tension test results of high—strength break-off bolt
Lﬂ—% %6]’0:] —1—77—701'E —i—iﬂ_‘é 70]‘E ({]-HP_]'%‘E]' 'O’] 33'7"” Diameter First Second Third Ave,
5 Aste] QEkdo] AUrr) =2 HjmkyjA|gHolek= (msm) g’; 9/7 gg 9/7 1‘;“6 1°/O°1 1KON1
AL Sokal, oty QIREES ARG Tlo] QMM 35 135 101 13 97 138 103 134
= 2Jo] ALl 7ho|olErHo] SRIA ZTAE 2IEE 4 178 105 165 97 165 97 169
° ]j e ‘M dolele . ‘{Oﬂ i N ! 45 232 101 227 99 229 100 229
AwE 7HAslaL AAK o2 {7 Hriek 4 Qe Aol 5 078 100 267 96 291 104 279
L Ao BolalaRl o) 55 35 100 349 100 353 101 351
ehe S SelshalAt T, 6 412 99 49 101 412 99 414
6.25 46 101 458 100 453 99 457
A3 5 65 495 99 497 100 505 101 499
2. Agie 675 538 102 525 99 524 99 529
7 557 97 581 101 591 103 57.6
s 725 615 99 629 101 618 100 621
Cl3l oJHIEE .
21 Hoe olMEE 75 675 101 654 98 672 101 667
ety oMHEEL 7lo] QlHbA|So| AR L= BER V] 775 729 102 721 101 701 98 717
) 8 772100 774 100 776 100 774
Edgele g os AF10mmel =5 ARSI oY 85 878 99 82 100 8 101 883
H AYoMe 27t ZIAYE(YE7E SOMPac ) S 9 973 100 - - - - 973
o2 Algsfof sk, Al 27 12mmel 1EE
ES AHsidint, okl 23 E Fwo| tiestr| $iste ; 1500 |
31]"_65] oMMEEL 3-178]4 37] ] EqE] J‘]’H Z‘ﬂ;q'o}‘oﬂ 100 {700 4100 4700 100 4100 1100 100 4100 1100 4100 4100
S 1055E Fulldon 2o A7) oslel Ay /
302-S =8t ooty ﬂ‘ﬁiegl AYAES ZH2te] - g 4 g
2 7gof| whet 322 AAJsil o, QAR A= Table 1 C;’“
I} 2t} Table 19] 27 9mmel 3¢ 9] 2Ho] 5E 8 T ¢4 g
UARAS] 273} Zfo|71 AL glo] EE LA oA Ttk ;:- § g
Elo] Aggtos AM8slA] Tt T 5 &
oy QMIREL ATE Y] Het B bpele 3 4

ol AR} e 4= glovt QLA e gk
3} 7t Beo) Qg vl B 21 ognela] )

Figure 1. Wall specimen
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Figure 4. Slab specimens

Figure 5. Inside of wall specimens

Table 2. Mixing proportions

C?ncretthe Unit weight((kg/m°) W/C S/A Ad
SMPa) W C S G Siicafume (%) (%) (%)
80 165 742 588 885 83 20 40 15
100 165 837 513 840 93 171 38 17
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Figure 6. Pullout test for wall specimen
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The Relation between Pullout Load and Compressive Strength of Ultra-High-Strength Concrete

Table 3. Compressive strength of cylinder

Concrete  Age Value of compressive strength test(MPa)
type  (day) 1 2 3 Ave
1 24.37 25.43 29.06 26.28
2 4756 46.40 48.00 47.32
3 56.89 55.11 60.91 57.64
4 63.46 56.68 59.28 59.81
5 58.96 55.51 58.05 5751
80MPa 6 64.52 57.74 58.37 60.21
7 61.15 - - 61.15
14 69.88 64.20 73.29 69.12
21 76.47 69.54 72.07 72.69
28 71.35 70.56 69.61 70.51
0 83.98 82.66 81.16 82.60
1 44.86 36.53 42.21 41.20
2 58.74 53.93 59.30 57.32
3 55.53 57.56 68.10 60.40
4 61.20 - 62.02 61.61
5 61.64 65.06 59.96 62.22
100MPa 6 72.00 70.08 71.14 71.07
7 65.13 - 69.20 67.16
14 7354 74.56 69.43 72.51
21 72.75 78.79 76.71 76.08
28 73.95 72.19 70.74 72.29
9 89.29 80.99 83.33 84.54
Table 4. Pullout test results (80MPa, 100MPa)
POULIJIt— Age(day)
Type %ﬁﬁ? 1 2 3 4 5 6 7 14 21 28 90
No.i 418 436 494 296 477 453 457 532 81 54 61.1
No.2 444 470 483 508 514 544 547 %62 53 57 515
MSSa No.3 488 505 56 505 485 513 527 510 53 540 506
Wal) No4 414 533 522 532 530 505 494 %5 H6 %67 B3
No5 465 527 443 290 527 547 517 537 54 534 578
Ave 446 494 298 506 506 512 508 537 541 562 578
No.l 373 371 - 435 488 508 - 554 49 472 494
g No2 33 D6 40 59 466 D4 49 47 69 BS5 40
MPa No.3 372 439 440 494 490 450 - 504 €03 1 574
(Seb)  No.4 B9 3 79 482 476 506 488 546 573 674 B4
No.5 2 308 415 458 506 481 465 - 54 585 634
Ave 366 209 421 482 85 490 481 25 %0 81 H7
Ave@MPa) 401 447 459 494 496 501 478 516 545 67 8
No.1 493 530 25 605 507 589 544 %64 59 30 582
No.2 515 58 633 578 59 &8 61.1 615 26 H7 646
1\1/% No.3 500 54 600 604 533 641 54 631 - 579 573
Wal) No.4 543 539 616 618 D5 618 B.1 602 67 62 570
No.5 511 566 570 51 53 582 578 610 %64 - 605
Ave 512 59 59 5.1 59 612 582 604 601 52 05
No.l 477 22 526 %69 612 583 52 600 566 53 756
No.2 485 440 328 %62 503 54 542 586 41 577 107
1\1/% No.3 303 532 539 584 485 577 55 569 586 569 735
(Sap) No.4 415 498 498 530 %4 507 27 B3 26 600 67
No.5 498 510 513 516 452 517 519 588 457 53 676
Ave 453 500 B1 %2 21 %65 543 583 517 574 708
Ave(100MPa) 483 525 55 572 545 589 562 994 HA3 H1 661
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Table 5. Simplified pullout test results

Pullout Result(P

Tyoe égye) —nl?e?er or B Pullout Load(kN)
(mm 1 2 3 45 1 2 3 4 5 Avwe
, 60 P PP - - BB B - - -
65 F F F - - 49 434 42 - - 438
625 P P P - - 414 416 408 - - -
2 65 P F P P - 41 433 43 #47 - -
675 P F F F - 494 490 43 #46 - 463
3 675 P F F F - 495 488 48 #42 - 3
, 675 P F P P - o 4848706 - -
70 F F F - - 84517479 - - 50
g0 5 70 F F F - - 205489 468 - - 487
MPa 6 70 F F F - - 490 517 483 - - 47
7 70 F F F - - 525 42 %6 504
14 70 F P F P F 518 29 233 R4 534 28
21 70 F F F - - 26/ 825 - - R7
g 0 P F PP - 87578080 - -
725 F F F - - 572 85%7 - - ™5
7295 P P P - - B55255 - - -
75 P PP - - @661264 - - -
775 F F F - - 613574 &3 - - 83
, 65 P PP - - 424447 - - -
70 F F F - - B[ 4355 - - 58
675 P P P - - 498 496 495 -
2 70 F F P P P 501 536 517 25 580 -
725 P F F P F 577 85 80 55 59 %65
3 725 F F P F - %2 55%2 %2 - %3
4 725 F F F - - %9 53 &7 - 566
o s 725 P P F F P 5658 57 56 619 -
75 F F F - - Q7294618 - - 606
6 75 F F F - - 5885993 - - 59
7 75 F F F - - [0 B7 - - 584
14 75 F F F - - M2 A8 - - 589
21 75 F F F - - W8 @8 205 - - 510
8 75 F F F - - 82385 - - %3
W 75 P F F F - @3 6/06/4 &5 - 616
&80.0 -—
%5:.: M"';t-"‘"*"'—_*’_—ﬂ‘
2 40
g 400
% 200
2

— & - Pullout Load

Age|Day)

—e— Break-off Load

Figure 11. Pullout load versus break—off load(80MPa)
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