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1 Scope
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18 1SO 17607-1 $447
This document defines the general requirements for structural bolting in the execution

of structural steelwork as structures or as fabricated components, in conjunction with I

SO 17607-1.

B 45 ) B e AN 25 A4 Jit T P A Al SR, AT 25 HYE 1SO 17607 I H AR ER 73
Additional requirements to be addressed in the execution of structural steelwork, as

structures or as fabricated components, can be found in other parts of ISO 17607.
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2 Normative references

ARG F AR A i oy B AN A . TR R H IR LR S, CRH
P sl IR RRAS o b T ARARE H AR 51 S0, SR 51 SO o hics (R
BATHRAS

The following documents are referred to in the text in such a way that some or all of
their content constitutes requirements of this document. For dated references, only the
edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies

EN ISO 898-1, Mechanical properties of fasteners made of carbon steel and alloy steel
— Part 1: Bolts, screws and studs with specified property classes — Coarse thread and
fine pitch thread

EN ISO 898-2, Mechanical properties of fasteners made of carbon steel and alloy steel
— Part 2: Nuts with specified property classes — Coarse thread and fine pitch thread
EN ISO 898-3, Mechanical properties of fasteners made of carbon steel and alloy steel
— Part 3: Flat washers with specified property classes

EN ISO 2859-5, Sampling procedures for inspection by attributes — Part 5: System of
sequential sampling plans indexed by acceptance quality limit (AQL) for lot-by-lot
inspection

EN ISO 3506-1, Mechanical properties of corrosion-resistant stainless-steel fasteners
— Part 1: Bolts, screws and studs

EN ISO 3506-2, Mechanical properties of corrosion-resistant stainless-steel fasteners
— Part 2: Nuts

EN ISO 4014, Hexagon head bolts - Product grades A and B

EN ISO 4017, Fasteners — Hexagon head screws — Product grades A and B

EN ISO 4032, Hexagon nuts (style 1) - Product grades A and B

EN ISO 4033, Hexagon nuts, (style 2) - Product grades A and B

EN ISO 4042, Fasteners — Electroplated coating systems



EN ISO 6789, Assembly tools for screws and nuts — Hand torque tools —
Requirements and test methods for design conformance testing, quality conformance
testing and recalibration procedure

EN ISO 7089, Plain washers — Normal series — Product grade A

EN ISO 7090, Plain washers, chamfered — Normal series — Product grade A

EN ISO 7091, Plain washers — Normal series — Product grade C

EN ISO 7092, Plain washers — Small series — Product grade A

EN ISO 7093-1, Plain washers — Large series — Part 1: Product grade A

EN ISO 7093-2, Plain washers — Large series — Part 2: Product grade C

EN ISO 7094, Plain washers — Extra large series — Product grade C

EN ISO 10683, Fasteners — Non-electrolytically applied zinc flake coating systems
EN ISO 10684, Fasteners — Hot dip galvanized coatings

EN ISO 14713-3, Zinc coatings — Guidelines and recommendations for the protection
against corrosion of iron and steel in structures — Part 3: Sherardizing

EN ISO 16228, Fasteners — Types of inspection documents

EN ISO 17607-11, Steel structures — Execution of structural steelwork— Part 1:
General requirements and vocabulary

ENISO 17607-22, Steel structures — Execution of structural steelwork— Part 2: Steels
EN ISO 17607-33, Steel structures — Execution of structural steelwork— Part 3:
Fabrication

EN ISO 17607-44, Steel structures — Execution of structural steelwork— Part 4:
Erection

EN ISO 17607-55, Steel structures — Execution of structural steelwork— Part 5:

Welding
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AFNE R FHRITE 1SO 17607-1 sy I ARERIFF 5

For the purposes of this document, the terms and definitions given in ISO 17607-1 apply.

AUVE I1SO Al IEC Hf AR AHEARTE AFT 578 LR $odle e 3EAT &«
ISO and IEC maintain terminology databases for use in standardization at the following

addresses:

—HLYE SO FEL B W5 https://www.iso.org/obp

— ISO Online browsing platform: available at https://www.iso.org/obp

—HE IEC fEL BT &

— IEC Electropedia: available at


https://www.iso.org/obp
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4 Execution specification and quality requirements

4.1 — & E

4.1 General

SCHSEL - iRy BIER E EOR 225 M 1SO 17607-1.

See ISO 17607-1 for execution levels, identification, traceability, and quality

requirements.

4.2 i THARIHE UL A

4.2 Execution specification

S A BT 73 N T 1R — 2R A I R X b AT S A, AR ARBIAT R ISO Fifk
(5 2 560 o FERFIRIGOL T LRSS R LM R OL, AR ARG h 255

(7] — 25 a1l ) DRI ] A AT ST A o

National standards and documents that provide technically equivalent conditions may

be used, in whole or in part, in place of referenced ISO standards (see Clause 2)or

requirements of this document. In these cases, the technically equivalent national

standards and documents, and deviations from the requirements of this document shall

be referenced in the execution specification.

S AE Jith T 5 4 X [ e P 75 RS S AT R B R
The necessary information and technical requirements for execution of structural

bolting shall be agreed on and complete before commencement.

it S AU B4 LR A RS

The execution specification shall include the following items as are relevant:

1 FRERT B 1SO 17607-1 HIRAT IEAEHESR

1 Under preparation. Stage at the time of publication: ISO 17607-1.

2 FHTER BE 1SO 17607-2 W R AT IEfEHER .

2 Under preparation. Stage at the time of publication: ISO 17607-2.



3 FIEHT B 1SO 17607-3 [F R AT IEAEHER .

3 Under preparation. Stage at the time of publication: ISO 17607-3.

4 FVERY BE 1SO 17607-4 I RAT IEfEHER .

4 Under preparation. Stage at the time of publication: ISO 17607-4.

5 HUERT B 18O 17607-5 I RAT IEAE#E#
5 Under preparation. Stage at the time of publication: ISO 17607-5.

a) i MHARE R, W AL

a) required additional information, see A.1;

b) fEERED, W A2;

b) options that may be specified, see A.2;

¢) St THEARMSA KM PTRER, W A3,

¢) quality requirements related to execution levels, see A.3.

XF O it TR AR RS Sk AT S, L E AR B SRR
There shall be procedures for making alterations to a previously agreed execution

specification.
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5 Constituent products

5.1 —BHE

5.1 General

5.1.1 A= M iE

5.1.1 Selection of constituent products

SHFIE 180 17607-1 FEAT M2 1% £

See ISO 17607-1 for selection of constituent products.

5.1.2 A EHIE

5.1.2 Verification of conformance

R WA SRR E ZR (B E) K& B, S5 1SO
17607-1,

See ISO 17607-1 for verification of conformance with the order and either relevant

standards or specified requirements, or both.

PARYE G 1SO 22688 R AtIRUEYESC A, JFFY B3R 1 8GR 2 A 15 R .
Inspection documents in accordance with ISO 22688 shall be supplied with the

information in Table 1 or as listed in Table 2.

R 1T RBHG R R ER IR S

Table 1—Inspection reporting for structural bolting products, by requirement

ﬁ?ﬁ?@?‘é Type of requirement ﬁﬁﬁﬁﬁfﬁ;nt 314 Reported
45 Method of control expressed as:
& f/IMEA i
o . . KIE MEAE
#e=#Hsr Chemical composition Min & max, as Measured value
applicable
715 RE B ) B /ME
CJE RSB . PUPism i . D /M Min Minimum value
Mechanical properties measured
(vield strength, tensile strength, | i& & K1E Max if = 4iE PN
hardness) applicable Maximum value




measured
I 1 A /MR B
e/ MEFERKRME | K1E Minimum and
Min & max maximum value
measured
J15VERE
(AT IR/ AIERR | g 435 Conform
Mechanical property Pass/Fail
(proof load)
RO
G2/ HE@%.). Jﬁj,ﬁ/x]ﬁf% 76 #LE Conform
Surface condition Pass/Fail
(carburization/decarburization)
&1 B /ME
B /ME Min Minimum value
measured
= k= 4iE PN
CJURTIR. Wz i NAH Max Maximum value
Measurement measured
(Geometry, tolerances) I 1 A /ML AR B
/MR f NG
Min & max Mmlm_um and
maximum
value measured
ReF gtk IEHE Go
QE=<)E D) Rik#F No-Go AR
Dimensional attribute bR/ A IERR Conform
(gauge) Go/No-Go
WA TR 7 it
(k fHEL COV, BAER P EERR EH k 2 T
J2ED) k-class, if k—cl/ass
Bolting assemblies for preloading applicable
(k-value or CQV, or both, if required)
for 46
CHMAGLS VT BERM ARG MT) KR/ ANIE R &R
Inspection Pass/Fail Conform
(VT, MT)

R 2-1R#E 1SO 16228 KGR #TRERE

Table 2 — Inspection documents for structural bolting products according to
ISO 16228

2H B2 5 Constituent product

KZ P E Inspection documents

i T H AU T 0 A5 R R AR Tt

Structural bolting assemblies suitable for

F3.1%°




pretensioning
SERUEAR 1) 2%
Structural bolting assemblies
BRAE o MREE c BiEE
Boltsc, nutsc, or washersc

a. R EAA AT, HELE R RSRIE IS NN (T 4
R B ER B E R e, AT DA K F3.1 AL AE -

a If assemblies are marked with a manufacturing lot number and the manufacturer
can trace the measured characteristic values from the internal (factory) production
control records on the basis of this number, the F3.1 inspection certificate may be
omitted.

b. WA T E, Rie M E ML HEE A e 1) 45 2R

b The inspection documents shall include the results of the suitability tests, if
required.

c. EH T gt IREFEER IR S N A, BB AR IR R AR A
FSCES 43 IS R 400 o

¢ Applicable if bolts, nuts or washers are supplied for use in non-pretensioned
applications, or not as a component of a bolting assembly.

5.2 S5 MR AR E AT

5.2 Structural bolting products

5.2.1 HREESE L

5.2.1 Property classes

IRRE AR B RESE R LA S (A& D R JE RLAE ™ b b o Th B B R 2, R
JIT A 3 FH e T

Property classes of bolts and nuts and, if appropriate, coatings shall be specified

F2.1

F2.1

together with any required options within the product standard.

LERIEARIE R A AN 2 RNV B 3R B e $

Structural bolting components and assemblies shall be selected from Annex B.

TIEAPERERLAT 5 LT HIALE -

The mechanical properties shall be specified for:

a) EA2 KT ISO 898-1. ISO 898-2 Al ISO 898-3 H itk 1l & HIBRAN AL & S AN tE 44
R A 5



a) carbon and alloy steel bolting assemblies with larger diameters than those specified
in ISO 898-1, ISO 898-2 and ISO 898-3;

b) FLAEAT IS0 3506-1 A1 ISO 3506-2 i A 1) sl A AR 5G R ) K e
FLAE 10 B AR Bl B R AR - BR AR AN AN AR AL F

b) austenitic or austenitic-ferritic stainless steel bolting assemblies with larger
diameters than those specified in ISO 3506-1 and ISO 3506-2, or those specified in

other relevant national standards;

c) i fiz HUE AR A 1

c) atmospheric corrosion-resistant bolting assemblies.

5.2.2 Ji AN TRAL 7738 45 1 45 A MR A AN JE i P T 7 O G5 MR i R A A

5.2.2 Structural bolting assemblies for non - pretensioned applications

A3 B 2R B.S s G AR dhbr e A aR b . B2 Rk, SRR ) H
TARTHL I o

Bolts, nuts, washers, and bolting assemblies that conform to the appropriate product
standards as given in Table B.1 through Table B.5 may be used for non-pretensioned

applications.

T ARTRL N T AL AR AR T AT — SR IR Y 42

NOTE Non-pretensioned applications include non-pretensioned joints and some
bearing-type joints.

5.2.3 TR N I S SRR TE B A A

5.2.3 Structural bolting assemblies for pretensioned applications

A3 B 23R B.3 45t HI R dh b 1 ey o BE S5 A MR A . IR BE. RPN
EEEC IR T EDANAEE P

High-strength structural bolts, nuts, washers and bolting assemblies that conform to the
appropriate product standards as given in Table B.1 through Table B.3 may be used for

pretensioned applications
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FRAE T TG A AE A, AL T S oA SR AR AR . 20 SRAE s B
PP, RORE ARk 5 A

Unless specified in the execution specification, stainless steel bolts shall not be used in
pretensioned applications. If used in pretensioned applications, they shall be treated as

special fasteners.

TE: TR C S P 2 A 1 I 2

NOTE Pretensioned applications include pretensioned joints and slip-resistant joints.

5.2.4 Hpg
5.2.4 Washers

5.2.4.1 — B E
5.2.4.1 General

FEEA B.3 g KRG AL s bR e 3 B, B/EOR3R B.1 B3R B.2 i 1R
LRGN i T VA E

Washers that conform to the appropriate product standards as given in Table B.3, or are
included as a part of bolting assemblies as given in Table B.1 or Table B.2, may be used

for pretensioned applications.

fF 6% B.3 2R B.S 4y H0id FVE i brdE O8] , 8ifE 3R B.1. & B.2 8L
R BA TG MR, AT T AR RN .

Washers that conform to the appropriate product standards as given in Table B.3 or
Table B.5, or are included as a part of bolting assemblies as given in Table B.1, Table

B.2, or Table B.4, may be used for nonpretensioned applications.

5.2.4.2 R BHE
5.2.4.2 Taper washers

SRR AP N A5 51 1 2 Pl R AR SR o, (ELHE T L AT RS R B E
Taper washers shall conform with the relevant product standard for flat washers, except

for dimensions applicable to shape, which shall be specified.

11



T R AR R
NOTE Taper washers are also known as bevelled washers.

5.2.4.3 R BHE
5.2.4.3 Plate washers

PRl RO RARTER s C 4 LRIk E , I HH RS Bt R Bl 5 3%
PR B A D G AR T2 ] S A v R LK [ T AR A

Plate washers shall be dimensioned with nominal clearances according to Annex C and
have dimensions that ensure that the washer overlaps the connected component by at

least as much as a standard plain washer would when used with standard round holes.

5.2.5 BEE 2 E

5.2.5 Direct tension indicators

FEER B.6 T2 77 bR HE ) ELE I g Fia 7 2 Bl LR 5 (1 55 08 B T AT A
T 4% ik o 28 P mT LAGE A

Direct tension indicators and associated hardened nut face and bolt face washers that

conform to the appropriate product standards as given in Table B.6 may be used.

S LEOERERE WAL N RS i M E OB NE Y <o R e A S TE oA lih|
#1901
When direct tension indicators are used with bolts loaded in axial tension, the potential

loss of pretension should be considered[90].

R L B R 467 5 b 5 R AR — A (T

Direct tension indicators shall not be used with stainless steel bolts.

LIPS R Y e U A E N =R e AW R =bap i P RE K JE WAL (= panerad e Ry VA= S S TR U
Y.
If direct tension indicators are used with atmospheric corrosion-resistant bolts, the

direct tension indicators shall also be atmospheric corrosion resistant.

12



VE: A4S ASTM F959/F959M bRtk 3 T ELF2 I 7y 47 4 Pl nl e i & 1 i g
ke

NOTE Type 3 direct tension indicators in accordance with ASTM F959/F959M can be
suitable as atmospheric corrosion resistant.

5.2.6 BERMEEHEE IR~ 2E

5.2.6 Alternative direct tension indicators

At TRRVE SCVF, AT UM AR B.6 R A H B HAl B A B B fR s T
Alternative direct tension indicators other than those listed in Table B.6 may be used if

permitted by the execution specification.

a) NAEAN TERVE AR S VEAN IR AR BB, 2V N AR LR VA
a) Detailed installation instructions shall be available in a supplemental specification

that shall provide, as a minimum, for the:

1) 52 R ST 5 5 L L 2 AR

1) required character and frequency of pre-installation verification;

2)MEAEFLAORHE, W DRI AN R AR I AN 22X SR SUE Fld BE H5UR 5
2) alignment of bolt holes to permit insertion of the bolt without undue damage to
the threads;

3) & A SRR B AL A 5 A BB, S B S 4R 7 2B R At 2
P P T AN E oL
3) placement of bolting assemblies in all types and sizes of holes, including

placement and orientation of the direct tension indicator and other washers;

AEL RGN RS, NERZR R E A TG, ELRE R R
4) systematic assembly of the joint, progressing from the most rigid part of the

joint until the connected plies are in firm contact; and,

5B i 0 IE S P A SR AR AT R AR TR, AIERR R I [ T 46
LB KPR J5E 1t 92 S i P R A ) e ot o
13



5) subsequent systematic pretensioning of all bolts in the joint, progressing from
the most rigid part of the joint in a manner that will minimize relaxation of

previously pretensioned bolts.

b) FEAMFRLVE T AR VRGN AR B BT, 1% W R 2 DS DU A
b) Detailed inspection instructions shall be available in a supplemental specification

that shall provide, as a minimum, for:

1) 280 i 25K 1) 22 2 iy S 106 5

1) observation of the required pre-installation verification testing; and,

Q)b I A A, DA DR BB 3R s 2 Pl ) IR s
2) subsequent routine observation to ensure the proper use of alternative direct

tension indicators.
5.2.7 SR RERAMHNRE
5.2.7 Coated structural bolting components
SR MEAR R AL i 2 T A 1 L 55 TR A T A A 2
The corrosion resistance of coated structural bolting components shall be comparable

to that specified for the connected components.

I LME AR ERE IR AR I BB Fr iR 2 AEIREER B9 PRI
7 b T P T ) F At S5 MR AR R AR IR R, B AR A SRR HE R TR L T
A DURR i SRR A 42 2H AP 1 3 7o P 2 WU AT TR SR AL B

Hot-dip galvanized coatings, non-electrolytically applied zinc flake coatings,
electroplated coatings, or other coatings of structural bolting components appropriate
with the product standards given in Table B.9 may be used, or, in the absence thereof,

with the bolting component manufacturer's recommendation.

LERIR R TR AL (OB 3P U SR AT B AR OG A ARHE I 05K, BIEE R B A AR
HERITEOL R, 38 A3 AR 2

Protective coatings of structural bolting components shall conform with the

14



requirements of the relevant product standard or, in the absence thereof, with the

manufacturer's recommendation.

XTI RESF 0N 10.9 BUEE R THL 98 L T B DL B iR, AN TR Z
For bolts of property class 10.9 or equivalent tensile strength or higher, electroplated

coatings shall not be used.

e NVEREVERESEHY 10.9 FAERTRL R B LA A R B BCRIR S PR IR A A A
NG R XS o

NOTE Attention is drawn to the risk of hydrogen embrittlement of electroplated or hot
dip galvanized bolts of property class 10.9 or equivalent tensile strength or higher.
5.2.8 R 4 M R i B A A

5.2.8 Atmospheric corrosion - resistant structural bolting components

MR i 225 R MR AR AE 4 A PRI R R 22 RSE 70 2 B A 1 B

The chemical composition of the material of atmospheric corrosion-resistant structural
bolting components shall be specified.

5.2.9 BUREE

5.2.9 Locking devices

WRTRE, NARE A BB IEEZ B b B E RS BRI HAT I, AR B
IS TED AL PN RS-

If required, devices shall be specified that effectively prevent loosening or loss of
pretension of the assembly if subjected to impact, significant vibration, or cyclic

loading.

AL SRR A A P R P 0 2 1 R T O B SR BE, AT DA KR S
I3/ RIFA B T T B S AR TR R 2k . B K 2% AN BT LE R ot B0 AR 11 5 2K
R EVPAE NS

NOTE 1 The use of wedge-locking washers, and the use of double-nutting with proper

tightening techniques, have been shown to minimize loss of bolt pretension from self-

15



loosening. Locking devices cannot prevent loss of pretension from relaxation or creep.

THRER VLB, ATLMEA 1SO 7719, 1SO 10511 BLK 1SO 2320 #rifkrh 4 T AE
R

To prevent nuts from becoming disengaged from bolts, prevailing torque nuts from ISO
7040, ISO 7042, ISO 7719, and ISO 10511, and the performance requirements given in

ISO 2320, can be used unless otherwise specified.

FE 20 BedE 18O 2320 AR T 5 A $T1 A MR (1 1 Rt 1 A A s
AL S e

NOTE 2 ISO 2320 includes a test to determine either the performance properties or the
torque/clamp force properties, or both, for prevailing torque type steel nuts.

5.2.10 RRPR G5 K E 4

5.2.10 Special structural fasteners

FEFT A TRUVERITE DL T, R A P RS R Al 4 55 [ A -

When permitted by the execution specification, special structural fasteners may be used:

— U RV RSSO 10.9 2 (BEEPTRIRED

— if the property class does not exceed grade 10.9 (or equivalent tensile strength); and

—WTRMERE RGN 10.9 & (BEESBTRBRED |
— if the bolting component type is subjected to initial testing representative of the

product type to demonstrate that its performance is suitable.

WIE RGeS HON AL s B v 81 B[R] 27 il B AR DG 6 20K
Initial testing parameters should include relevant testing requirements for comparable

products listed in Annex B.

A% 7.9 S RLE ,  AERNTERVE AP SR BETRAN K 2 15 1] o
16



Detailed installation instructions shall be available in a supplemental specification in

accordance with 7.9.

TE 1 7.9 25 h 4R 2 1R AR A
NOTE 1 The use of special fasteners is addressed in 7.9.

T 2. MREENIERE BRSOV R R E R, FFERTE EN 1090-2 HEAT 1 i .
NOTE 2 Resin injection bolts are classified as special fasteners, and are addressed in
EN 1090-2.

5.2.11 BT

5.2.11 Packaging

LR R R 2 A A DA Is S, JRARIEAR OG- St bR HEREAT AR . P B Y
P 25 L T 7S o

Structural bolting components shall be suitably packed for transportation and shall be
identified in accordance with the relevant product standard. The contents of all

packages shall be clearly displayed.

e BARRAENMER RIS TR . B B2l LK AR 5K ) o
NOTE Consideration for packaging suitability can include needs for handling,
durability, water resistance, puncture resistance, and related concerns.

5.2.12 RERE

5.2.12 Test reports

0 S ) 3 P A L 7 R BB AR . UERA TR T S A R AR T R A 2
FEEBUATIE, RSN . AR Bl 223 22 AT FR i el 75

If required, the manufacturer or supplier test reports documenting conformance to the
applicable specifications for all components used in structural bolting shall be available

on delivery and before assembly or erection of structural steel.

17



5.2.13 AT AIARIR

5.2.13 Delivery and identification

SERIRRE R N LR T & HL5g B 3R A A

Structural bolting components and bolting assemblies shall be delivered in unopened
and complete packages.

MR 5.2.2 2 5.2.5 25 AL BR A E R 20 A L 42 HEURE 507 i bt ) SR BEAT AR
ACATFIE ] o

Structural bolting components and bolting assemblies according to 5.2.2 to 5.2.5 shall
be marked, delivered and identified in accordance with the requirements of the relevant

product standard.

MR A MO A . BUE R E . PR IR R B (& D) A
AR EBEATARID, DAE R RBRAS AT, R LT J7 R

Atmospheric corrosion resistant bolting assemblies, foundation bolts, locking devices,
plate washers, and special fasteners shall be marked in accordance with the product

standard, if applicable, delivered in suitable packaging, and identified as follows:

a) Wi LARR%, LAEIR G

a) labelled such that the content is readily identifiable; and

b) F AR 57 AR A DL I ELin FH A7 200 _E AR 25 8d sk U E B
b) labelled or documented in accordance with the relevant product standard with the

following information in a legible and durable form:

—HIERIARIR, A0 N AR KT

— manufacturer’s identification and, if relevant, lot numbers;

— S5 R R AR SRBUAIRRE, BLR (CAEZRIE R AR 2K
— type of structural bolting component and material and, if appropriate, its assembly;

18



—RIPIRE & .

— protective coating, if applicable.

5.2.14 SRR B A A I A A A

5.2.14 Storage of structural bolting components and assemblies

AT AT 223 B 32 ORAP BT V) N 3 PR g, DA IR A2 R SR
Structural bolting components and assemblies shall be divided by grade, size, length,
and lot number. They shall be protected from dirt and moisture in closed containers in

a protected shelter at the site of installation.

HE B A7 TROS LA 138 7 11 Ui o

The manufacturer’s instructions shall be followed when stacking packages.

MARIF A7 DX b BCHS T 72 AR B 1R] 22208 (0 B [l A R A A LA A
TARHEIR Z5 SR TR 0] DR i A7 X3 A NS AT I RS BEAT T i BB 2
Only as many bolting components anticipated to be installed during the work shift shall
be taken from protected storage. Components that are not incorporated into the work
shall be returned to protected storage at the end of the work shift. Components shall not

be cleaned or modified from the as-delivered condition.

/N O A P v SR B MR AR, DABT SRS . BR T HRSUIRSE, 38 MBI DU
[ AR (KL SRR
High-strength bolts shall be handled carefully to prevent thread damage. In addition to
thread damage, spline-drive assemblies shall be handled carefully to prevent spline
damage.
5.2.15 g5k B B A A RE R
5.2.15 Reconditioning of structural bolting components and assemblies
R CRAEHAERT) R R, WERAHE. 5 sie <,
TIABEAE T, BRAREAT i I 1050 ik B S A% A
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Bolting components to be installed using torque control methods, including spline-drive
assemblies, that accumulate rust, dirt, or moisture, shall not be incorporated into the
work unless they are requalified through testing.
R e 1 B R A6 A TR AR T DL A T FH R A2 1) U5 35 22 25 1) S5 A R 3 4 ol
T P B B P AT BRI L, LRI . BTN A E R, BRARME LR
PR U B FOVF HAl N BEAT IX SR . RS E T N TN I g B A fr, xfEF e
B A IR SRR REATE 2 RIS AR R, PAGHE
HFNMTHIAM CRA R 1LV N SR & R R ) .
Spline-drive assemblies and those bolting components to be installed using torque
control methods that fail requalification testing shall be returned to the manufacturer or
supplier for reconditioning, including cleaning, relubrication, and retesting, unless
these operations are permitted by the execution specification to be performed by others.
Such reconditioning shall follow written procedures with requirements for lubrication
products, batch control, process control, sampling, and a suitable test method to verify
that the reconditioned assemblies provide the required pretension within the permitted
range, if any.
5.3 SR AGUBY R A
5.3 Studs and shear connectors
HLUIT IR FIREUN R £ 1SO 17607-5 At
Threaded studs for arc stud welding shall be in accordance with ISO 17607-5.
FoAl SR A AR 1 T PUBTE SR AT I BRI SRRk % [ AF
Requirements for other types of shear connectors for bolted connections shall be
classified as special fasteners.
5.4 # E 4
5.4 Anchorages
5.4.1 ERlH
5.4.1 Foundation bolts
FAPESER B AR 1) ) VR B RLAF & 1SO 898-11 1SO 3506-1 Arifl, Bl HI FAELBREA
RGN ECAEN S B T T AR U6 E HIPERE .
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The mechanical properties of rods used as foundation bolts shall be in accordance with
ISO 898-1, ISO 3506-1 or fabricated from hot-rolled carbon, low-alloy, or stainless
steel. The execution specification shall specify the required properties.

Bt LB ARSI AT e Ak, AN AN o 24 Bt BRI 1 ] 78
VEAEFHAR AN, AN RO PRS2, HAR RN AE Tt A3 AR RIS B e B
Unless otherwise specified in the execution specification, steel reinforcing bars shall
not be used. When permitted in the execution specification, steel reinforcing bars shall
be of a weldable grade, and the grade shall be specified in the execution specification.
5.4.2 FC A R4

5.4.2 Other anchorage systems

Jith LA AR RIS 1t B B 75 A A 7

The execution specification shall specify if proprietary products shall be used.
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6 & 5 A%
6 Preparation and assembly

6.1 —fHE

6.1 General

AR S 39 T Uk 5% ] R A i e LI I A

This clause applies to holes for connections with bolts, pins, and foundation bolts.

6.2 M iR L

6.2 Holes for structural bolting

6.2.1 — L E

6.2.1 General

RIS C radedids SCRIRRE . BRit THOAR AR BB A e, Bk fL 944 3
[P AZ 3R C.1 IR E BT

The nominal clearance shall be selected from Annex C. Unless specified in the
execution specification, the nominal clearance for bolt holes shall be as specified in

Table C.1.

IS AE it T 45 AR AR i B i e MR AR AN ANAE R R Y B RO B AT 1 48 SCIRT R . 44 X
EISPSE
The nominal clearances for bolts and for pins not intended to act in fitted conditions

shall be specified in the execution specification. The nominal clearance is:

— T EFL, 28 NAEE S g ER L %
— for round holes, the difference between the nominal hole diameter and the nominal

bolt diameter;

—XFREAL, ALK E S 4 IR HAR L 2.
— for slotted holes, the difference between the length or the width of the hole and the

nominal bolt diameter.
22



L B CHRAE 1 LA FE S bRk o BTk 1 44 SCTAJB
NOTE 1 Annex C provides information on nominal clearances as stated in several

national standards.

2. AR EMA TP RERK A LERMS S, RE T R trEE AL
AR Lo T RS LA AE LI A ARIE R TS AL, 18 02 T T ) i ke
giyett OFE— SR BB TIEFH igie) ML, KRG D
F -4 7€ A T A H) 1] B

NOTE 2 The nominal hole diameter combined with the nominal diameter of the bolt to
be used in the hole determines whether the hole is standard or oversize. The terms
"short" and "long" applied to slotted holes refer to two types of holes used for the
structural design of pretensioned bolts, and with limitation, non-pretensioned bolts.
These terms are also used to designate clearances for non-pretensioned bolts.

Jits A3 AR KA U B SR 38 B R R R R

The execution specification shall specify special dimensions for movement joints.
6.2.2 FLI R~

6.2.2 Dimensions of holes

6.2.2.1 — B E
6.2.2.1 General

R 1 T AR U B A E AL, FLEIRST NAZIRES 6.2.1 s e 44 X
[AJ B
Unless otherwise specified in the execution specification, the dimensions of holes shall

provide the nominal clearance defined in 6.2.1.

6.2.2.2 KHEFL
6.2.2.2 Slotted holes

2t TR AT Ui B Fe PRI
When permitted by the execution specification:
— FA LA T AR R W R BGEREEAT — R E R, A2

B it 0 i 8 m7 R 3 BT FLK MR (7F 80°Z& 100°2[8])
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— short-slotted holes can be used in any or all plies of non-pretensioned joints and
pretensioned bearing joints, provided the applied load is approximately perpendicular
(between 80° and 100°) to the axis along the length of the slot;

— R AL TP R AT SR B R, 1A RS PN B AT R T
— short-slotted holes can be used in any or all plies of slip-resistant joints without
regard for the direction of the applied load;

— WAE L] T AR TRL AN L AR B A S T AR — )=,/
AL Pt I ) BT KB BT LK A2 (FF 80°4% 100°Z R

— long-slotted holes can be used in only one ply at any individual faying surface of
non-pretensioned joints and pretensioned bearing joints, provided the applied load is
approximately perpendicular (between 80 ° and 100 °) to the axis along the length of
the slot;

— KA FLA AT B v i 3 R I T B — 2, AN 5 RE BTt I 847 1 5
.

— long-slotted holes can be used in one ply only at any individual faying surface of

slip-resistant joints without regard for the direction of the applied load.

B IRRRIERRAL S oo AR IR I 22 18] 58 44N I B Pl AP E SR R B SL AL
WA AL AR — = A RBERIR R R EK, 155 W5 6.3 5%
HEE 6.4.2 5.

NOTE Fully inserted shims between the faying surfaces of load-transmitting elements
of bolted joints are not considered a long-slotted element of a joint; nor are they
considered to be a ply at any individual faying surface. See 6.3 and 6.4.2 for

requirements for faying surfaces of shims and packing.

6.2.2.3 ERCIRARFL
6.2.2.3 Holes for fit bolts

XHTERCERRE, A4 LRSS TR A4S

For fit bolts, the nominal hole diameter shall be equal to the shank diameter of the bolt.
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E: X TAFEMNE EN 14399-8 Hh @ RCaRke, FTA044 SCEAR HUIRSUET 7 /) 40 X
HAAK 1lmm.
NOTE For fit bolts conforming to EN 14399-8, the nominal diameter of the shank is 1

mm larger than nominal diameter of the threaded portion.

6.2.2.4 YTLERRRFL

6.2.2.4 Holes for countersunk bolts

UK IR, NI ORAE 23R UL A4 SORNE R R %2, 18 5 i A 2R AT
AR T35, Pl NARYE & 2R 2 TTALAIR A

For countersunk bolts, nominal dimensions of the countersinking and tolerances on
those shall be such that, after installation, the bolt shall be flush with the outer face of

the outer ply. The dimensions of the countersinking shall be specified accordingly.

U R MEAR AR € TS24 0 B AN P A s R A, Wt L 44
SCIRPE L 28 /0 BB ANEAR AT K144 SO/ 2mm

If countersunk bolts are identified as being for use in tension or in pretensioned
applications, the nominal depth of countersinking shall be at least 2 mm less than the

nominal thickness of the outer ply.

E: 2mm & R RA ZE
NOTE The 2 mm is to allow for adverse tolerances.

6.2.2.5 ZEAIR b R ZEAIIRAR L
6.2.2.5 Holes in base plates for foundation bolts

AR AR AL A% SCRIBE DN 3mm BE K, EAGE 8Smm, T NAEBREE T 54 &
JEA/INT 4mm HIE T B T B34

If the nominal clearance of the base plate hole is 3 mm or larger, but not more than 8
mm, a round or square plate washer of thickness not less than 4 mm shall be used under

the nut.

BEAh, X EAR d KT 20mm. S/ NIE R D 400MPa BCEE IR PR S il B

In addition, for foundation bolts above 20 mm in diameter d with a minimum specified
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yield strength of 400 MPa or less:

— JERMRALE B R EAS A 1.5d;
— the maximum base plate hole diameter is 1,5 x d;
— BB /NIMEAN 1.75d+20mm;

— the minimum outside diameter of the plate washer plate is 1,75 x d + 20 mm; and

— BRI /NEE N 0.4d.

— the minimum plate washer thickness is 0,4 x d.

Xof T fe /NI E JiE IR 2K T~ 400MPa AR, 7] BE 75 2250 JE I A
For foundation bolts with a minimum specified yield strength greater than 400 MPa,

thicker plate washers can be required.

B R RST AT GE T 52 5 A 3 AT AR B T R AR A 1
NOTE The above dimensions can be considered suitable for columns supporting
gravity loads only, and for columns with low levels of moment at the column base.
6.3 AR E R R F A K
6.3 Faying surfaces for bearing - type joints
A S Y FE R BRI TH,  Jo 18 R FH AR TR I W3 I 2 0 88k, R ML ORIV
ToTGHIRIAN 2 S5 o A I T AT DA% [ e T B AR RIS 18 B B SR AN IR B AR AT AR
E RBAR iR ZE, B, thoh, Sk, IREEECRRE (N
RAEHD HBAR IR ORFFIE R, TP Ab 2R 5
The faying surfaces of bearing connections, whether with non-pretensioned or
pretensioned bolts, shall be free of dirt and other foreign material, and are permitted to
be uncoated, coated with protective coatings of any formulation, or galvanized, as
specified in the execution specification. In addition, surfaces adjacent to the bolt head
and nut, or washer(s), if used, shall be free of dirt and other foreign material.
R A BRI IR 2 0 2SR e F - AR AN 2 e
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Surface preparation and protective coating requirements also apply to packing plates
and shims.

6.4 RS SE R BR YR TH] ) ) 2

6.4 Preparation of friction surfaces in slip - resistant joints

6.4.1 — R E

6.4.1 General

bR 7 A R JER i, I8 AT AR L

This clause does not address corrosion protection of the structural steel.
6.4.2 RALHE

6.4.2 Surface preparation

JSLAE Jit TRV o B EE R AL S O DU % R EL

The slip factor for slip-resistant joints shall be specified in the execution specification.

AR 5 455 5E HOWCHH B AR, AAFR D1 ik #E B AT € /D il R 8 & i
AL BRI IR )Z o
Surface preparation and protective coatings that provide a designated minimum slip

factor in accordance with specific national standards shall be selected from Table D.1.

BAWRZER M (RSB RT T ) NI R (R L AR
FRAD , HAE 1 HEe HAR (EEEAERALLGA/NT 25mm) AP X3P K
SRS XA 1 Py X3RS RREEL . KA WG, SRR mE.
THEREHAMRE (B R, BTG S EERRRSN. iRk
iR AE, N R AR T REAT WA . W 1.

Uncoated faying surfaces, including parts of surfaces in contact with washers, shall be
free of scale, except tight mill scale, and free of loose rust, dust, oil, welding spatter,
paint, lacquer or other coatings, including overspray, other than those specified in the
execution specification, in areas closer than one bolt diameter but not less than 25 mm
from the edge of any hole and in all areas within the bolt pattern. If this condition cannot

be achieved, the faying surface shall be blast cleaned. See Figure 1.
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TR IR N E S AT RS B, SRR iR AT S GBI T R B I SRR R
IR JE R AL I % P A R ES 3R DL

Coated faying surfaces shall first be blast cleaned and subsequently coated with a
coating that meets or exceeds the required slip resistance that is either qualified in

accordance with the requirements in Annex P or listed in Table D.1.

RN N AT 5 AR R BCE S O DU R R ECR AL W 7.2.3 75,
Packing plates and shims shall have a surface preparation that provides the same or
better slip coefficient as the connected material. See 7.2.3.

6.4.3 JRECHT FE R F N

6.4.3 Precautions prior to assembly

25 E I LR B 9T 4 i -

The following precautions shall be taken prior to assembly:

a) Bl FL M Ab B AT 5E A

a) drilling of holes shall be completed prior to blasting;

b) BEHER N GG KA BRERR 2 T BRI TR 2 DA AR5 2L
b) the friction surfaces shall be free from all contaminants, such as oil, dirt, or coatings
other than those specified for the friction surface;

¢) ARIRJZ [ I L B B 328 A0 LA s 5P o 5

¢) uncoated surfaces shall be free from loose rust and other loose material;

d) S RN BRI B R RS R

d) care shall be taken not to damage or smooth the roughened surface;

e) AR I I 8] 5 2R I, ) {8 P I o A

e) when splice plates are temporarily fixed to a member, temporary bolts may be used;
f) 7RI ZE B R/, A2 BAT IR el R 2

f) the plies of joints with coated faying surfaces shall not be assembled before the

coating has cured.

U SRAE MR AR H (8 B L B g £L A B 1 B, )
28



When a grinder is used on the periphery of bolt holes for the removal of burrs after
blasting, either:

g) TP T B DX 3y E B b Ak 2

g) the ground area adjacent to the hole(s) shall be re-blasted, or

h) FT B Jim R T B % R 2 P AR 208 k.

h) the as-ground surface shall be exposed until red rust generation has occurred.

-

JZJ ’
/
o) (o)
4
3
L )7 J :

5 ----

<

1

Key

1 i T 1025 kX 42

1 perimeter of contact area of faying
surfaces

2 Bk A L A R X sk (7R )

2 circular area around bolt (typical)

3 IRMEEAR

3 bolt diameter

4 W2 EHARI 4 581 25mm,  DAEERSE
FHE
4 bolt diameter or 25 mm, whichever is

greater
5 HEE I 22 N 1 X3

5 area within the bolt pattern

B 1-EEAERRB NG ST

Figure 1 — Coated faying surface for slip-resistant joints

6.5 FT
6.5 Assembly

FEARHC AT, IR BR AR AR R T (1 24 o

Loose material that would prevent solid seating of the connecting parts shall be
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removed before assembly.

TR R, R T AR T A A, PP AT R BURAR TR K
i T R R SR AR O

For pretensioned and slip-resistant joints, excessive coating thickness that can cause
substantial loss of bolt pretension shall be evaluated, unless otherwise approved in the
execution specification.

T T A5 PE I B = Q FR T B B AT Al

Loss of pretension can be evaluated by testing as described in Annex Q.

AR, BB N R R, NS H 2 (R BT 4 A RHRR T
When assembled, connections shall be in close contact and shall not be separated by

free spaces or compressible materials.

FRPE I 235 R AEARTE 1SO 17607-3 81 ISO 17607-4 (RRAHLLINT &) B iR 270
BN BEAT
Assembly of components shall be carried out within the tolerances specified in ISO

17607-3 or ISO 17607-4, as applicable.

O R U Tt 917 LA ) < Jem A e fd ™ A P R ko
Precautions shall be taken to prevent galvanic corrosion produced by contact between

different metallic materials.

X P A RVFIE R SO FR YRR L (& Boig s L), R BRI
HARREEALAL.

Holes (e.g. for fit bolts) for which enlargement by reaming or cutting is not permitted
shall be identified and not be used for alignment.

TR WUREALARER 55, AT AR B 10 SRR ML

NOTE Additional holes specifically meant for alignment can be provided where

connection holes cannot be used for alignment.
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7 SN SRR E
7 Structural bolting

7.1 — M2

7.1 General

AR SRR i 1A 45 R B [ A AT 2L A A T NI 0 P A T AT A K [
MK

This clause covers requirements for shop and site bolting of steel-to-steel connections
using structural bolting components and assemblies.

7.2 BEERTAA AL

7.2 Joint types and assembly

7.2.1 EHRE

7.2.1 Joint type

Jits B AT U B LA S SRR RN T TR 03 4% . T /i i B B R
The execution specification shall identify the joint type as a non-pretensioned joint,
pretensioned joint, or slip-resistant joint.

7.2.2 EENABARE K HE

7.2.2 Fit of joint and shims

EE AR AE AL AR S A R AE — kS DL B ZE [ ik, ELAS NI 68 25 0 2 1) B mT T
AEARLRE T o

The connected components shall be drawn together to achieve firm contact when
assembled and shall not be separated by significant free spaces or compressible

materials.

T DA P A AR 1R R A (Y T P AN S5 R R R o n R SR IR I B AL T
HRPF R TRI By Tmm BN, MITEFR AR . G R AR A I e A e fF 2
(] TR Bt RS T, T S P SR ASCRE TA) B 406/ B Tmm 2R /)

Shims may be used to adjust the fit in connections and the alignment of the structure.

If the gap between the connected parts at the structural bolts is 1 mm or less, no
31



shimming is required. If the gap between the connected parts at the structural bolts

exceeds 1 mm, shims shall be used to reduce the gap to 1 mm or less.

Xt TR S t>4mm AATH JE S >8mm AYFERAF, BRIARS A U EOR AR, &
VUILE JE R IR T B L35 B A AR 26 R, TAGAR W] B A B K 4mm ) 18] B

For constituent products with t >4 mm for plates and t > 8 mm for sections, unless full
contact bearing is specified, residual gaps of up to 4 mm may be left at the edges when

contact bearing is achieved at the central part of a connection.

it TRV T3 R A, EARONE H i B 1) S
Shims shall be made of flat steel unless otherwise permitted in the execution

specification.

BB 5 G AL A o 40 R BB T3 55 R R A R SR 54
YU S2 AR ABL AR 7 20 BARCHBEAT DR AP, DASRBERIE O AME R 20 75 06 2 oy
SE I EEB DU R H

Shims shall have similar durability to that of the structure. If shims are used to align
structures composed of coated material, the shims shall be protected in a similar manner
to provide the specified durability, unless the shims are required to meet a specified

friction slip factor.

W R A AR, NN HE 2. ST EXL3 f1 EXL4 ($h AT
525~ EXL3 Al EXL4 W= 0.3 138 0.1: 1SO 17607-6.pdf) , U AH F 54
K [E] 72 AR, T R 3% FEARUE ISO 17607-5 HIHL 2 BH4T 4584

Shims shall be secured where they are at risk of coming loose. For execution levels

EXL3 and EXL4, if welding is used to secure shims, the welding shall be in accordance
with ISO 17607-5.

TR, R R G BEL BRI DRER . PHEREOE R
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AR . e i, NAFAIEHTRLEAME R, DL R B
For slip-resistant joints, distortion, warping, or bending of the joint, splice plates or the
connected members caused by welding, weld spatter, and burrs resulting from drilling,

etc., shall be corrected and repaired with care not to damage the friction surfaces.

U IR 2 R R A 2 R B LA AN R ok s AT AR AE, R % 8 1SO 17607-4
iR 8 B VR SE R BT HEAT JR B 2. TX B SO N5 T 45 A AE I I BK A
WETHIVERE . RTULAR R DAEBUAEAT o 3T UGS 7 A A s [ HE SR 45
F G A, RN TR, DU ORE AT IAS 2 DRk I 5 47 B0 5 R 1 T A2k 1 7
CSUDNIs

If lack-of-fit between erected components cannot be corrected by the use of shims,
components of the structure shall be locally modified in accordance with the methods
specified in ISO 17607-4. The modifications shall not compromise the performance of
the structure in the temporary or permanent state. This work may be executed on site.
Care shall be taken with structures built of welded latticed components and space-frame
structures to ensure that they are not subjected to excessive forces in an attempt to force

a fit against their inherent rigidity.

FESEHIRT T $oF . RAEIF IR &S, DU OR1E 5 251 22 4 IO 55 45 149 1 A2 T
IS EAEAN AL AT, AFLEERE 2 B LK AT

Permanent connections shall not be made between components until the structure has
been aligned,levelled, plumbed and temporarily connected to ensure that components
will not be displaced during subsequent erection or alignment of the remainder of the
structure.

7.2.3 B4R

7.2.3 Packing plates

PR K 2 K WA RS, NAE P b 2T B AR AR, DA DR T T 2
[l Fe it A SR NOAANRS, AR TR GO 5 AH B Z AL

Packing plates shall be provided wherever necessary to ensure that the load-transmitting
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plies are in firm contact when the connection is tightened to the snug-tight condition.
All packing plates shall be steel with a surface condition similar to that of the adjacent

plies.

B HRRBIEN, WERONRTENR; AR, AR IR
NOTE Packing plates are also referred to as filler plates when thick, or as shim plates

when thin.

e I IR 2 —#0 f B A ( JE AN NGBS D, D IEH N 2mm, KA 2.
A RARGEANEAR LA OR )5 2 72 AN I SR BR A, DU B FEANS /N T Tmm
Separate components forming part of a common ply shall not differ in thickness by
more than D, where D is 1 mm, see Figure 2. If steel packing plates are provided to
ensure that the difference in thickness does not exceed the above limit, their thickness

shall not be less than 1 mm.
R I
[ T T T _T_1°+
I I I I |
| | | |
. . . .
I I I I

|| ‘ )

: DIREEZE
Key D difference in thickness
& 2-F B ) REEZE

Figure 2 — Difference of thickness between components of a common ply
FEP R WG OL T,y S lA] BRI ok, FERAR A 2 1A) A R 7 22 B B )
I RE B R A
In case of severe exposure, avoiding cavity corrosion can require closer contact.
7176 R 5 42 o A F) S R A AN =k
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Plate thickness shall be chosen to limit the number of packing plates to a maximum of

three.

RN 5 A AL R A SRR A LA A T (R T i 12 AT g 225 o LT 93 25 RE AN [F]
<A 51 D B R S T e XU AT
Packing plates shall have compatible corrosion behaviour and mechanical strength with
the adjacent plate components of the connection. Full consideration shall be given to
the risk and implication of galvanic corrosion resulting from dissimilar metals being in
contact.
7.2.4 EEREHE
7.2.4 Snugging of joint

BN B R R A TE BV EE M IRES o DR RIVE Bk S 1 K, 2
XTI AR AT ELAT M12 B /N R
Each structural bolt assembly shall be brought at least to a snug-tight condition. Special
care shall be given to avoid over-tightening, especially for short bolts and bolts of
diameter M12 or smaller.
7.2.5 FE R
7.2.5 Sequence of tightening
BB M BEAR 2 ) — AN SR MEAR B 5y — A E IR AR AT, IERR R 5
REBALITAR, 32 1] W LR RRALBEAT, DA KRR B Mgt/ i 0% A 1)
Fthe O VIR B SIRRIN TR A, AT RE R EEAT 2 U KT
The tightening process shall be carried out from structural bolt to structural bolt of the
bolt group, starting from the most rigid part of the connection and moving progressively
towards the least rigid part in a manner that will minimize relaxation of previously
pretensioned bolts. To achieve a uniform snugtight condition, more than one cycle of

tightening can be necessary.

T 1 H R g OB A f U [ B0 L TR A A N R H AR S ARG 1Y

T % [ 5 0 36 A T R R R B 2% 551
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NOTE 1 The most rigid part of a cover plate connection of an H section is commonly
in the middle of the connection bolt group. The most rigid parts of end plate connections

of H sections are usually beside the beam or girder flanges.

XF A0 v DR R S R R AR AR S B 2 A R, TR R Sl K ] e R P A A R AR
SRR AT IR #E
For combined joints comprising both high-strength structural bolts and welding, in

general, highstrength structural bolts shall be fastened first, followed by welding.

H: S, WTAGER (WA b o L A5 R A I 2 H 3R Z e 1%
MG , NS AR A R, IR BT AR

NOTE In general, for combined connections such as beams where the webs are
connected by highstrength structural bolts and the flanges connected by welding, the

high-strength structural bolts are tightened first, followed by welding.

FEHEIEZS, IR & R RGN E BN, W R e AT IR KB R )5
BEATHRAR, MINE R Se AT M B AR K ], SRR AT IR %, fJR it AT I R i e
In combined connections, when the depth of a beam or the thickness of a beam flange
is large, when bolt tightening is done first followed by welding, it should be considered
that partial bolt tightening is done first, followed by welding, and then final bolt

tightening.

M2 fE LIBALATERR, TTRES IR, LS.

NOTE 2 In combined connections as described above, there is a possibility that defects

such as cracks, of welds can occur.
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7.2.6 S5 IR
7.2.6 Structural bolts

7.2.6.1 IBRRER
7.2.6.1 Bolt diameter

B T AE i TR RS Ui B b LR 5 AR SCER — i R4 € Ah, oAt F] T 25 K iR
FEIERE ) 2 B FLAR N 2/ M2,
The nominal bolt diameter used for structural bolting shall be at least M12 unless

specified in the execution specification together with the associated requirements.

7.2.6.2 BY VT ST HIER AL
7.2.6.2 Threads outside shear plane

Un SR EG RN R MR AR (1) TURSURAT U DTBY REJT, R € S5 R AR I RSF, BA
VIR LN TCIRSCE 0 A ZE o X TR BEASEHERR AT, 0 B i N 4
SE MEAE T ] o

If it is intended that a connection utilises the shear capacity of the unthreaded shank of
structural bolts, then the dimensions of the structural bolts shall be specified to allow
for the tolerances on the length of the bolt and the unthreaded portion. For connected
parts of unequal thicknesses, if required, the orientation of the bolt shall also be

specified.

7.2.6.3 R N HIIREL
7.2.6.3Threads in grip

X T ARTUR A5 RAE ,  BRAE I L BORAURS W h S AT B A, AR AR R R T
AEREATTCIRSHR 7> 2 18], W A/ R — AN e BIIRAL (BRIBSURERSM) -

For non-pretensioned structural bolts, at least one full thread (in addition to the thread
run-out) shall remain clear between the bearing surface of the nut and the unthreaded

part of the shank, unless otherwise stated in the execution specification.

XTI AR IR, BRAE I L BRI UL AT U A, AR B A 7R s AT
IR AT TCHR AR 7y 2 [6), B/ PRE e B AR L.
For pretensioned structural bolts, at least two threads shall be between the bearing

surface of the nut and the unthreaded part of the shank, unless otherwise stated in the
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execution specification.

A4 I DX B bR HER S S B Y RTBRSUN AT S B 3R F A EEK
When regional or national standards are used, threads in the grip shall meet the

requirements of Annex F.

7.2.6.4 BREUIH H #7
7.2.6.4 Thread protrusion

VR, FRYEHE T AR B0 A AN, (5 A — B
3 H R RE ) AR TH
After tightening, at least one thread protrusion shall extend beyond the outer face of the

nut when installed, unless otherwise stated in the execution specification.

A FH RO b [X B [ SR b IS, MRS H 20 LT & B S F HJEESR
When regional or national standards are used, thread protrusion shall meet the

requirements of Annex F.

7.2.7 BB

7.2.7 Nuts

MR BR N AE H AL A 25 AR AR b B e, X 1S DUAE Tl AR B I A T BEAT A
B AEfTIREEAGE B Hh R KR IR B IR ke T R A - dn SRR BEAE fd A
FLITANAGER IR, WiREHAEAEH TR,

Nuts shall run freely on their partnering structural bolt, which is checked during hand
assembly. Any uncoated bolting assembly where the nut does not run freely shall not
be used. Coated assemblies shall not be used for pretensioned applications where the

nut does not run with low resistance to rotation when using hand tools.

T PR PR RIS AR AR AR BB BB L b AT RE AT A B S O B e A 2 BHL A X 3
NOTE Hot dip galvanized bolts can have areas in the bolt or nut threads where excess

zinc creates resistance to rotation of the nut.
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G SRR B T, AT PR PR AR

If a power tool is used, either of the following two checks may be used:

) X T REIHE B B AR R, 7E 20 A0 DB T B SO 2 B
a) for each new batch of nuts or structural bolts, their compatibility may be checked

by hand assembly before installation;

b) X - 2 e (RMEAR XA RIELAE R B [ R AR I e, WIAERT AP RO E i i
FLRERE E e E o
b) for mounted bolt assemblies but prior to tightening, sample nuts may be checked

for free-running by hand after initial loosening.

W10 22 25 N R DR AE 22 38 Jm RS TR TG 21 T =5 AR IR bR e LR 2
Nuts shall be installed so that their required identification markings are visible for
inspection after installation.

7.2.8 HpH

7.2.8 Washers

7.2.8.1 —IE
7.2.8.1 General

IR AR, SR E TR TR B T IS R RSN Ty, BIURRE AR AR
Ji BN TR
If washers are required, it shall be specified whether washers are to be placed under the

nut or under the bolt head, whichever is to be rotated, or both.

X R — R I A OSSR, AR IR SRR RE T 5 HR AL FH R, DU
A VERARAT RS
For lap (shingle) joints between thin plate or sheet with only one row of bolts

perpendicular to the direction of stress, washers should be used under both bolt head

39



and nut to reduce bending of the connected parts.

1 kU, W T ARTUR S R, FEARAER £ AT R
NOTE 1 In general, for non-pretensioned structural bolts, washers are not necessary

with standard round holes

T 2: BT AT DD X AN B ORGP IR R FRR R R X LR R
BUE T o
NOTE 2 The use of washers can reduce local damage to protective coatings on steel,

particularly where these are thick coatings.

7.2.8.2 TR URER H) P E SR

7.2.8.2 Washer requirements for pretensioned bolts

TR A AR, BRAR A RE, NN DL EERAE AT AL 2R (mis 22
I A P AE AL HE T 21D

For pretensioned structural bolts, unless otherwise specified, hardened washers (or if

necessary, hardened taper washers) shall be used as follows:

a) XF T+ 8.8 B EF R PURL o L I S5 FMFAR,  NLAE e e (i A Sk BE B T 5 4
Hlg;
a) for grade 8.8 or equivalent tensile strength structural bolts, a washer shall be used

under the bolt head or the nut, whichever is to be rotated;

b) X F- 2 A Je AR5 D9 300MPa BRSEAR A AW A4 7 ) 10.9 G B AE R BT 5 5 14
ZERIEAE, DLAERRRE SLATRREE N i B SR AR S235 HHNE .

b) for grade 10.9 or equivalent tensile strength structural bolts installed in steel with
yield strength of 300 MPa or lower, washers shall be used under both the bolt head

and the nut.
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¢) Xf T2 R 1E o R 5 EE A1l 300MPa LA B (R REREERA R 1 10.9 2 E5E i
SRS R SE R IRRE, OB SR SR T S235 HUEAE], BRARALE 75 e H R Sk Bl
WREREN 5 A AR AL AL B S -1 2

c) for grade 10.9 or equivalent tensile strength structural bolts installed in connected
material of specified minimum yield strength above 300 MPa, a hardened flat washer

shall be used under the bolt head or nut, whichever is to be rotated.

2 ANEIAR S DA ALK B FLI, B REESRNAT SR 3 RS . il FH A4
[N e K, PASE 4 1% L.
When an oversized or slotted hole occurs in an outer ply, the washer requirements
shall be as prescribed in Table 3. The washer used shall be of sufficient size to
completely cover the hole.

R AL KR 2B AR R ZE R

Table 3 — Washer and plate washer requirements for oversized and slotted

holes
‘ BB T AL
Smigiea L EZ
Hole type in outer ply
IR EZ Bolt Nominal structural
KEFA
grade bolt ERFL KFEFL
. Short-
diameter Oversized Long-slotted
slotted
8.8 HIEERL M12 — M36
5 8.8 1/2 inch—1-1/2 inch
or equivalent M12-M36 P J5 R R AL 3 R
8mm JELEELLAT be8
strength 152.4mm~457.2mm 3Standard thickness
mm thick plate washer
M12 - M24 hardened
or continuous bar b ¢
10.9 2L ENAERL % inch—1inch washer ?
S 10.9 M12-M24
or equivalent 152.4mm~304.8mm
strength M27 — M36 8mm JEHE LT E 2bd | A 10mm JEAREH
1-1/8 inch - 1-1/2 8 mm thick hardened | Rl ElIEZEFT O RE AL b ifE
inch washer @ JE ] be

41



M27-M36 Hardenedstandard
342.9mm~457.2mm thickness washer with
either a 10 mm thick

plate washer or

continuous bar

b, c

a DL B SRANE FH T PR BERT 38 Y 2 5T v 22 S il ke [58) EAE P 160 Sk ) 704 B R B i A i
R

a This requirement shall not apply to heads of round head spline-drive bolt assemblies that
provide a bearing circle diameter that meets the requirements of the applicable assembly
standard.

b Z AN HRE A R IR R 8mm B KR, ANl R L ER

b Multiple washers with a combined thickness of 8 mm or larger do not satisfy this requirement.
¢ M B Ok S P SO ZE R NS, (B RR AL AL

¢ The plate washer or bar shall be of structural-grade steel material, but need not be hardened.
d B AT LA 10mm 5 A e 8 AN 3 J5 B2 O R A L B el . AR IR Bl e R A AL Ab B

d Alternatively, a 10 mm thick plate washer and an ordinary thickness hardened washer may

be used. The plate washer need not be hardened.

2 PR ) B AL 5 T i, AR i@ % o T A B AL et e it
DI AT

When the torque control or combined method of pretensioning is used, the hardened

washer as supplied or tested with the assembly shall be used under the turned element.

A AR R T IBTBRAR U 7 VA, N AERRBE T A0 B A SR AR A e
When the spline-drive twist-off bolt method of pretensioning is used, the hardened

washer supplied with the assembly shall be used under the nut.

M B BB fe R B BT VAR, A ARG AR, W R TR
When the direct tension indicator method of pretensioning is used, a hardened washer

shall be used as follows:

— e iR R H B e s BB AL TR BE R R, SRR REAI BRI e s
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P 2 (e AL A LK 3b)
— when the nut is turned and the direct tension indicator is located under the nut, a
hardened washer shall be used between the nut and the direct tension indicator - see

Figure 3b);

Sl 3 Y O =R I WAL (=paneZi o [ DA~ ¥ o ST P VR e - Y S I RE R A
J1FE 7~ PE 2 A A 2 pE (L] 3e)

— when the bolt head is turned and the direct tension indicator is located under the
bolt head, a hardened washer shall be used between the bolt head and the direct

tension indicator -see Figure 3c¢).

fd ) R DR N BB TR VAR, 7R DL N B LN AN TR B AL
When the direct tension indicator method of pretensioning is used, a hardened washer

is not required where:

— R B B B fe R BB AL gk T T (LK 3a)
the nut is turned and the DTTI is under the bolt head - see Figure 3a);
— Jie iR Sk B E B R BB A TR R (LB 3d)

the bolt head is turned and the DTT is under the nut - see Figure 3d)

=

S2=222=%

1 e 3
a) IBRSLF A DTI, $RREEEF) b) B8 RET 51 DTI, WREEEEEE)
a) DTl under bolt head, nut turned b) DTI under nut,nut turned
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\

1
c) BRR LT U7 I OTI, MRAR L EE) d) SREE T H) OTI, #REE L)
c)DTI under bolt head,bolt head turned d)DTI under bolt head,bolt head turned
1
Key
1 L iRn e (DTD 3 MEALAL 2 EM 2
1 direct tension indictor (DTI) 3 Hardened steel washer

2 ELREIE 4R 2 e 1R B AL 2 direct

tension indictor gap measurement location

B 3— A EREHEnRENR B E

Figure 3 — Washer placement with direct tension indicators

7.2.8.3 Bl M
7.2.8.3 Chamfered washers

2 SRR BRI, T TR SRR AR Sk T A BB N OB f e, ELAR A R
RSk BRRETN B BT DL AR ] A 2 e w5 £ 2P

When required by the product specification, the washers used under heads of
pretensioned structural bolts shall be chamfered and positioned with the chamfer

towards the bolt head. Washers used under nuts may be non-chamfered or chamfered.

7.2.8.4 IR EHE
7.2.8.4 Plate washers

XT3 RE AR ALK IR FLA RS, N ARG . Dy TR B R E
NTUE LR EARIE B A (e AL, ] U BA R i
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Plate washers shall be used for connections with slotted and oversized holes as
prescribed in Table 3. To adjust the grip length of structural bolting assemblies that

are specified to be pretensioned, the following may be used:

— I MEE R AR AR

— One plate washer of any thickness;

— o % =R, RORE RN 12mm.,

— Up to three plate washers, with a maximum combined thickness of 12 mm.

N T SR E TR S M EARE R R R R A, e 2 ] U i o

.

To adjust the grip length of structural bolting assemblies that are specified to be

pretensioned, up to two plate washers may be used.

X ARTUR R S5 SRR A, AR I R A A (A i 2 Bl T DA TR A e A
s AR e .
For non-pretensioned structural bolting assemblies, the plate washer or additional plate

washers may be placed either on the side that is turned or on the side that is not turned.

Xt A Y BRI A% A J525 BA AN AR AT 73 22 4 A TR A i R A S H A, AR
| A A (AR 2 Pl T T EL A i e I A Jg e

For pretensioned structural bolting assemblies installed using any method except the
torque control method, the plate washer or additional plate washers may be placed

either on the side that is turned or on the side that is not turned.

X I I A R A O vk R T B T R S AR AR IR SR R, R BEAE T I A ] — AR
. B, R R A A B P mT DUTBCE AR AR e e

For pretensioned structural bolt assemblies tightened by the torque control method, only
one plate washer may be used on the side that is turned. Alternatively, the plate washer

or additional plate washers may be placed on the side that is not turned.
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LA 5 TE L AR E WREUCANAE BT DI B AR AR B 7751
Bolts detailed to have the threads excluded from the shear plane should be checked for

conformance.

L n SR A A 2 P ot SRR B, B dn SR AR SR R S R E
ANTE], AT RE 5 S B U T AT EE A
NOTE 1 Any use of additional washers or plate washers, or if plate washers of different

thickness than specified are used, can result in the relocation of the shear plane.

A CE P ) RO AN S5 N AE AT B R E « BEATARET 4mm.
Dimensions and steel grades of plate washers shall be specified in the execution

specification. They shall not be thinner than 4 mm.

2 X THUEEE, 1S 6.2.2.4 TTNE.
NOTE 2 For foundation bolts, see 6.2.2.4.

7.2.8.5 HEFEEHE
7.2.8.5 Taper washers

A SR A 7 it B 2 T TR AR A R P T B R A K TR FS T RLE AR
VO A AT 2 B
Taper washers shall be used if the surface of the constituent product is at an angle to a

plane perpendicular to the bolt axis of more than that prescribed in Table F.5.

HEL T Bl (1 RO AN S G N AE SRAT RVE T 45 52
Dimensions and steel grades of taper washers shall be specified in the execution

specification.

{3 X B bR R, TR 2 Bl (4 LA &R F.S AP EER
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When regional or national standards are used, the use of taper washers shall meet the

requirements of Table F.5.

7.2.9 YETTVE

7.2.9 Locking methods

FRARPAT IO A 2R, BNASAETR A BB E .

Locking devices shall not be used with pretensioned assemblies unless required by the

execution specification.

FREEAL, WRIEIRE TR E, NS RIREE PR R SUREE
BRSORAE B A AT AVE SOV 3%, B IESRBERRF) .

When locking devices are specified in addition to tightening, nuts shall be prevented
from working loose by the use of locknuts, jam nuts, double nuts, thread burring, or

other methods permitted by the execution specification.

IRARTUR R 2 B B8R 5l , BGIE g B R B A M. 20 5.2.9 .
Where a non-pretensioned joint is subject to impact or vibration, the effectiveness of

the selected locking devices should be considered. See 5.2.9.

WS B R E AR B AR I TR . AN S Mg A AR R AT M54
Welded joints should also be considered in lieu of bolted joints. Structural bolts and

nuts shall not be welded.

A 1L PR BTS2 A8 T T4 2 11 1S 21670 i Pk A4
JRPRAT

The prohibition on welding of nuts does not apply to special weld nuts in accordance

with, e.g. ISO 21670 or to weld studs.
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7.3 FEPURERE B R E

7.3 Tightening of non - pretensioned bolts

AR K ug AR B 2 D IA BIE A R RS

Non-pretensioned bolts shall be brought to the snug tight condition, as a minimum.

R £ R EAR B[] 2R A G IR AS L AN OB IS R 2
Tightening structural bolts beyond the snug-tight condition shall not be cause for

rejection.

T RMYRIEROIRATE 1SO 17607-1 Fri A 5T o
NOTE The snug-tight condition is defined in ISO 17607-1.

7.4 PRALERAE K 2K ]
7.4 Tightening of pretensioned bolts
7.4.1 TRBLRARHIERFET

7.4.1 Bolting procedure for pretensioned bolts

T 22 2 R (] PP v 0 P S MRS 1T, LV 4% 22 e P K ] RV JE SRR
I N /Db B 2 R A O SRR [ V%

Prior to installation and tightening of pretensioned high-strength structural bolts, a
bolting procedure for installation and tightening shall be prepared and shall indicate, as

a minimum, the type of structural bolts and the tightening method.

WA X (] A B R AT R IS L TR R A A P 34T
Execution and supervision of bolt tightening work shall be carried out in accordance

with the bolting procedure.

FRAER A BTk Rtk IR B FEBURYE I ¢ N HUE IR, 5 0T
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Ty OO JEE S AL LA P I R ), AT R
High-strength structural bolts for pretensioning shall be used without alteration to the
as-delivered lubrication unless the direct tension indicator method, the turn-of-nut

method, or a procedure developed using Annex N is adopted.

n SRR B R AR B R I RV, SO R B, R B AR T
T2 BRAR B S, SRS B T 7R PR RE A A% Ja FEEAT .

If the pretensioning process is delayed under uncontrolled exposure conditions such
that the lubrication has degraded, and the direct tension indicator method or the turn-
of-nut method is used, the performance of the lubrication should be checked and can be

improved.

FETHOR TP R B 21, SR ERE AT R BCAE —k2, IR 7.2 R RIE B A
P s iRe, (EIEREEZ R AR AR 1mm, FFXH A R
B IEFE I o

Before commencement of pretensioning, the connected components shall be fitted
together and the structural bolts in a bolt group shall be tightened in accordance with
7.2, but the residual gap between connected components shall not exceed 1 mm with

the necessary corrective action on steel components.

e T SEILAID AR ) 45 R IR R T R B T 7 B RNV T BT
PRI AE e Z g R R R P PR B . S0 7.8 AR

NOTE Generally, structural bolting assemblies used for achieving initial fit up need not
be tightened to the minimum pretension or un-tightened and would therefore still be

usable in the location in the final bolting up process. See 7.8.

BRAAT VGG RIS, HARPTUMER 7.4.7 2 7.4.11 75 "Rt (RATA Tl S ] 5

?‘/20

Any of the pretensioning methods given in 7.4.7 through 7.4.11 may be used, unless
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restricted by the execution specification.

O M43 1) e R I 2 78 4 380 e /N M 98 2 28 20 AT A 5 3 PR IR 110 55 [ AR A
WL N TIERIIMTR S, IR 22 KR G EA .

Tightening to the snug-tight condition and all steps of pretensioning shall be carried out
progressively from the most rigid part of the joint to the least rigid part. To achieve

uniform pretensioning, more than one cycle of tightening may be necessary.

7.4.2 HEAMPR /I TR

7.4.2 Pretensioning tools

XFFREVE, TR B IR B R T R A A2 R ISO 6789 Ardtik £|+4%
HIRERE . NA%IE ISO 6789 ARUEXS RHER FHEATYEY", WIRZ ST, MEHK
SR R AN AT R

For the torque method, torque wrenches used in all steps of the method shall be capable
of an accuracy of + 4 % in accordance with ISO 6789. Each wrench shall be maintained
in accordance with ISO 6789, and in case of pneumatic wrenches, checked every time
the hose length is changed.

THE, ZIEE D E AR R T N BEIA B 10% AR L, IR
A

For the combined method, torque wrenches used in the first step of the method shall be

capable of an accuracy of = 10 % , and checked yearly.

FoAth B & Canflm) PV VR R B A s Rt R 44 IR A 4% i3 7
AT I

Other tightening equipment (e.g. hydraulic devices for axial pretensioning, ultrasonic
control systems) shall be calibrated in accordance with the recommendations from the

equipment manufacturer.

IR Stk T, MR 2% A B S 1 BN, BUEAERZ 10
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W SE R EARIA M30 (5 M30) BRIERIFTR TR, TERZ) IS BN SE U K EAR
BEAR  PT 5 T

Pneumatic impact wrenches, if used, shall be of adequate capacity and supplied with
sufficient air to perform the required pretensioning of each bolt within approximately
10 sec for bolts up to and including M30 diameter, and within approximately 15 sec for

larger diameter bolts.

FEAE AR P R AARATE R T RS CinE oy Bk, J30 5, #fR
BEATRI A
Checks shall be carried out after any incident affecting the wrench during use (e.g.

significant impact, fall, overloading).

7.4.3 BUNRET

7.4.3 Minimum pretension

FRAEPAT RS T A e, B4 SN T Fy A% 2 301 5

Unless specified in the execution specification, the nominal minimum pretension Fp is

calculated in accordance with Formula (1):

F,=0.7f,%xA, (D
A
where
oo REBRRERA L AR IR 52 AR HE AR
fub is the nominal tensile strength of the bolt material;
As FEIRRE I SR N ST TR o
As is the tensile stress area of the bolt.
{5 FH R 3 X B R S ARy, e/ N T NAT A B s E 2K
When regional or national standards are used, the minimum pretension shall meet the
requirements of Annex E.
WG TR 73K F R 1 A B R A e AT A H b R e B B, R AR ST R

WUE T BRI TR Ao IR — R0 T, N AR E 45 IR E A Bld
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JiE LS HO 36 2K .

This level of pretension shall be used for all slip-resistant joints and for all other

pretensioned joints unless a lower level of pretension is specified in the execution

specification. In the latter case, the structural bolt assemblies, the pretensioning method,

the pretensioning parameters and the inspection requirements shall also be specified.

H 2. WEAWHTHERE. PURERE. JUKS . AT H KEUE DY R & it
CHl e At .

NOTE 2 Pretension can be used for slip resistance, for seismic connections, for

fatigue resistance, for execution purposes, or as a quality measure (e.g. for durability).

7.4.4 SRROEBIRN K S

7.4.4 Bolting assembly k - class calibration

WEEN, SRR RN k 0 (BB RHEIRES ) S5 A A i) 7 VA T
Fdo B VIR ZANRTA IS, BT LM s H BEATRCHENE O B AT
URPATRE FCVF, AT DA B 5% HOS LR R R AR EAT SR B DAl
When specified, the k-class (as-delivered bolt calibration condition) of the structural
bolting assembly shall be appropriate for the method used. As an alternative for all
methods except the torque method, calibration to Annex H may be used. Annex H for
bolt validation or evaluation for the torque method may be used if permitted by the

execution specification.

RS T e A iR R AT R SR A N BE R R R e, FRAETG
TEFE o B B A A R R BEN o 40 S E I e i iR A S AT R I, DU R AR R B K HL
A 3 VG 5 ) R A 2 3 ] 1) 3 e 1 e 7 ke AR AR o FH AR AT A . o i
Jie e S A AR Sk ok B [ R AR IS, T e 7R EEAR I I R (0 55 (8] 7 V2 R BBURE IR T 97
T it o

The as-delivered calibration is valid for tightening by rotation of the nut. Tightening
shall be performed by rotation of the nut except where the access to the nut side of the

assembly is inadequate. If tightening is done by rotation of the bolt head, calibration
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shall be done in accordance with Annex H, by supplementary testing from the matched
bolting assembly manufacturer, or in accordance with an applicable standard. Special
precautions, depending on the tightening method adopted, may be necessary when bolts

are tightened by rotation of the structural bolt head.

VE: EN 14399-2 B A& 18 vHEE FH A o ) — AN 1 o

NOTE EN 14399-2 is an example of an applicable standard for calibration.

7.4.5 kBEF

7.4.5 k - factor

kA7 ATz AL (2) TR

The k-factor may be calculated in accordance with Formula (2):

M
k:
(Fxd) (1

A

where

M F2 it I B T A A

M is the applied tightening torque;

F 72Tt i T 775

F is the achieved pretension;

d REMREREERLR| )4 L EAT .

d is the nominal diameter of the bolting assembly.

kR 7 IREES B 2 R AR T b ) BE R DL SR B S R AR RS TR )
PEE R A i BRSO R U R R RE 5 28 P 2 ) 2K 1 1T AR 2= 52 & [A]
¥, IR E TR B AR HESRAF B bk B IR PR AR R B BRI . G R AT 22 S iR
GURTHARIMAS 7, X B2 & K7 11E

NOTE The k-factor covers the friction in the bearing surface between the nut and the

washer and the friction factor between the nut and bolt threads. Variability in the surface
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condition of the manufactured threads and the bearing surface between nut and washer
will affect the k-factor, and limits can be set for this variability in terms the as-delivered
calibration condition or k-class. If there is deterioration of the surface condition of the
threads before installation, this will also change the value of the k-factor.

7.4.6 MLRBIEAR:

7.4.6 Pre - installation verification testing

X1 EXL2. EXL3 8k EXL4 552 (JLF5: 0.3 H13& O.1: IS0 17607-6.pdf) 45
PR R, AR SR & Bk 909 KO, W FH 22 2 SR il B A P By
btk G R AERIIE, BRARATIE T S A AE -

For structural bolting assemblies in EXL2, EXL3, or EXL4, with no known k-class or

a k-class of KO0, the pre-installation verification testing procedure shall be the method

provided in Annex G, unless otherwise restricted by the execution specification.

XT k9408 K1 BUK2 ¥ EN 14399-3. EN 14399-4 Fll EN 14399-10 /= il KL i (¥
SRR RE R A, BRPUTIE T S A IUE S, AT BT T R IR 1 .

For EN 14399-3, EN 14399-4, and EN 14399-10 structural bolting assemblies with a
k-class of K1 or K2, pre-installation verification testing is not required, unless

specified in the execution specification.

7.4.7 A%

7.4.7 Torque method

XA AR REAT IR IS 0L, BRARSAT G A e, SIS M 1
SRR I ik PRk R R P

For pretensioning using the torque method, the bolting procedure shall be selected from
the methods provided in Annex I, unless otherwise restricted by the execution

specification.
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7.4.8 HEB

7.4.8 Combined method

XA G THAEEAT IR RIE I, BRARATINE T A E, &N R T
A T ik R A B R

For pretensioning using the combined method, the bolting procedure shall be selected
from the methods provided in Annex J, unless otherwise restricted by the execution

specification.

W AETEWRRIVER ek k.

NOTE The combined method is also known as the part-turn method.

7.4.9 TERIRSNBYWIE

7.4.9 Spline - drive twist - off method

XA IR P MR R 0L, BRSATIE b e ok, iR e R
[P R P L A B > KT adt

For pretensioning using the spline-drive twist-off method, the bolting procedure shall

be as provided in Annex K, unless otherwise restricted by the execution specification.

e fERIKBNETIKTE AR HRC V. Torshear VAT 4% il #5487
NOTE The spline-drive twist-off method is also known as the HRC method, Torshear

method, and twist-off tension control bolt method.

7.410 EEE/JHEREEIE

7.4.10 Direct tension indicator method

Xt A BRI 4R B ENE AT TR I 0L, BRPAT e T A IE S, IR
Fe 5K [ A Py LU P =% L iR

For pretensioning using the direct tension indicator method, the bolting procedure shall

be as provided in Annex L, unless otherwise restricted by the execution specification.
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7.4.11 BREFREFEEL

7.4.11 Turn - of-nut method

Xt A TR B VR AT TR AT 00, BRAESATIVE th Sa A 0E 75 D) 2 DAY
S M RV Th ik PR R R R

For pretensioning using the turn-of-nut method, the bolting procedure shall be selected
from the methods provided in Annex M, unless otherwise restricted by the execution

specification.

7.5 RS CGRE) B

7.5 Fit bolts

i R P TR AR TR N AT, BR 7L RS, IR NV ARYE BRI DLd
7.3 80 7.475,

Fit bolts may be used in pretensioned or non-pretensioned applications, and 7.3 or 7.4

applies, as appropriate, in addition to the requirements below.

FRAEFATIE T 1A UESh, IERCIRRE A SR SGH 7> (RAERRSUi ) 1K
FEAE AR A T i o B3R 0 A N I S IR BEAR B HIAROE R 1/3, WK 4.

The length of the threaded portion of the shank of the fit bolt (including thread run out)
included in the bearing length should not exceed 1/3 of the thickness of the plate

adjacent to the nut unless specified in the execution specification, see Figure 4.

M A iR e AR AN NI KT B O R BEAT 223, H 2y AN IR EL
Fit bolts shall be installed without applying excessive force, and in such a way that the

thread is not damaged.
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Figure 4 — Threaded portion of the shank in the bearing length for fit bolts
7.6 Imi iR
7.6 Temporary bolts
e By R A P 58 4 S [ B AR 2 i, AR i RE rh L A MR, BART IR b
Fi8 77 51 S FRIAE 2R AR T B {8 85
Temporary bolts are used for assembly of structural members during erection prior to
full fastening or welding, to prevent deformation or collapse of the framework caused

by external forces.

FE SR B v o B S A MEARIE S b, I IR AR MOV AR TR M (L3R B.1 £ B.5)
ERTER A (W B.1 £ B.3) HMEMRERALIE . I iR B B0 N 4 e 4 0%
BT R S 173, HASAD TP ImI s8N I8 0 A, AR TR
FH AR K

In typical high-strength structural bolted joints, temporary bolts shall be bolts or
assemblies for either non-pretensioned applications (see Table B.1 through Table B.5)

or pretensioned applications (see Table B.1 through Table B.3). The number of
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temporary bolts shall be approximately one third of the total number of bolts used in
the final joint and shall not be less than two. Temporary bolts shall be located in a
balanced distribution and shall be tightened as required for a non-pretensioned

application.

P AR 4 SR LA 1) W I WA R Dy sy 5 B MR, EL P A R e 22 7 28 /D X [ 2
R MRS .
Temporary bolts used for erection pieces for welded joints shall be high-strength

bolts, and all bolts shall be tightened to at least the snug tight condition.

A ZR i R v DAy A5 T 2EL 7 i I s S e i SR 5 A MR AR W] T R 0B, {E AN
FRRXAEAEH], AR S P 1 P A7 iR A 70 [ 21 5 G EoIRS 2/, NS HEAT T
%o

High-strength structural bolts used temporarily during erection to facilitate assembly
may be used in the final connection, but if so used, they shall not be pretensioned until

all bolts in the connection have been tightened to the snug-tight condition.

AR VR AR 53R A M P A

Temporary bolts that are to be removed shall be identified.

7.7 MESBR

7.7 Loss of pretension

R RE T2 MR (ifih. REFEGZ U P A= Q) ) FHUW
TUE I MNHATE T A6 I AT e 25 o X TRUE IR TR Z, N E 2 75 MR HL
FE it LA A B e m] e R A R EAR T 2k

The potential loss of pretension from its initial value due to several factors, e.g.
relaxation, creep of surface coatings (see Annex P and Annex Q), should be
considered. In case of thick surface coatings, it shall be specified if measures shall be

taken to offset possible subsequent loss of bolt pretension.
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FEPPAL T RERI TR TR I, 2% FE A Y 20 A2 AR B e ek I 38 Y T8 31 e
T 717K

The higher levels of pretension normally achieved when using the combined method

and the turn-of-nut method should be considered when evaluating the possible loss of

pretension.

TR, T RLEAE LR R R R BRI E T & TR .

For the torque method, restoring the required pretension can be achieved by

retightening after a delay of several days.

XA EVEARE RS, ] DLE I B R RIK B T R B 70, (B e
R K S BURMERRIR R, IR & AT, PSS UEAE AR iR e i
R EEARIR IR DL R I B3 4 TR
For the combined method and the turn-of-nut method, restoring the required
pretension can be achieved by retightening, but caution is warranted to avoid
excessive levels of pretension that would cause the bolting assembly to fail, and
testing should be considered to verify that suitable pretension is achieved without

undue damage to the bolt.

VR TR AR R, 8RR AN ET R EDD IR . T R R
BRERE 1) it ARAEAR W] e 2 S BURBE S5 (K IR AR SO & 0F R 1. BT EE R
AR 7 TR I AN E R AL -

NOTE For significantly yielded bolts, there is no generally accepted procedure for
retightening. Yielded bolts that require significant added nut rotation can cause the nut
to engage and seize on the stretched bolt threads. Restoring the required pretension by

retightening is not considered a reuse.
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7.8 MR R E R A

7.8 Reuse of structural bolts

TE 2 AT AT IR AR N R] B8 A Bl ) 45 A MR A (10122 88 Bl E I 55X [ AN L AL oy B AR A6
o BRAERN T8 &Pk MR R A, 5 WA IR ke Sk BUR )
Touching up or retightening of structural bolts that may have been loosened by the
installation of adjacent bolts shall not be considered to be a reuse. The bolt head or
nut shall not be loosened except for the purpose of complete removal of the individual
bolting assembly.

VERG: W TSI A A T A R A T A BT R A N TR AR, A
e R iR ke KBS AE T, e ERAL B M .

NOTE Generally, bolting assemblies used for achieving initial fit up should have not
been tightened to the minimum pretension or untightened, and therefore would still be

usable in their location in the final bolting up process.

I SRR ke R A O K & BNV R R L T R R sl g, N LR
NIHEF AL
If a bolting assembly has been tightened to the minimum pretension and is later

untightened, it shall be removed, and the assembly shall be discarded.

AR PAT RS S VF, IRRR SR ZON 8.8 0 mli A R K IR HORER 2 4 Hy i v
S XFEEMEH R AR, HOCHR R IR R ST R — &,
HEAMFERBUERN A oVF. SRR RIS IER A ISR EE M.
If permitted by the execution specification, uncoated structural bolts of product class
8.8 or equivalent strength and lower may be reused. Such reuse shall only be

permitted once, only where the bolt remains in the same connection in which it was
originally tensioned, and with the same grip. Structural bolts that have been

pretensioned shall not be reused in another connection.

PR G5 i NS R A -
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The following structural bolts shall not be reused:

a) IRFESE SN 10.9 ZEEE Rt o 5 iy HORTRIE OS5 5%

a) uncoated structural bolts of product class 10.9 or equivalent tensile strength and
higher;

b) AEAT S LR SR s HAF 5

b) spline-drive assemblies of any product class;

c) AR SF IR 2 S5 F iR AR

¢) coated structural bolts of any product class.

d) AR BRI H iR .

d) bolts that have been damaged or distorted.

ER: WARRERRE OS] FUNRS e KR, WIRAE S5 8.8 a5 AR T AR
HARGZER SRS S mE M.

NOTE As a guide, an uncoated structural bolt of product class 8.8 or equivalent strength

and lower is suitable for reuse if the nut can be run up the full length of threads by hand.

7.9 FRRBRERR KA

7.9 Use of special fasteners

R E 3 R R IR A R RIS, R A2 R ZEL A )0 7 P B B (BRI D DA
Fo 7.1 2 7.4 W 2 HE f X se L

When the use of special structural bolting components is specified, they shall be used
in accordance with the component manufacturer's recommendations or instructions, or

both, and the appropriate provisions of 7.1 to 7.4.

R 1 RRREE T2 15 N R ST R AR SR AT BR SR IR AT
NOTE 1 Examples of special structural bolting components include threaded studs,

and bolts used in specially tapped holes.

AP B 3 N ORI 5E 2R ST
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Annex N may be used to develop installation procedures.

IS4 TE 7 = T 5K BT R P o Al P e AR A S ) T 9 AR AT A e
Any procedure tests required for use of special bolting components in non-

pretensioned or pretensioned applications shall be specified.

a) MR MR 38 UL, IXEe U ) AL PHE R . Aoz pakde S = sl &
AN TERE T g, JF H =DM RELLT WA

a) Detailed installation instructions shall be available and can be prepared by the
component manufacturer, an independent testing laboratory, or qualified entity in a
supplemental specification, and, as a minimum, shall provide for the:

1) XS (Pl B WE KD

pretensioning parameters (e.g. tightening torques, pretension level)

2) Jhr 5 B0 T 22 2 960 U R S AT A

required character and frequency of pre-installation verification;

3R AL AIRLHE, DA REVS 177 N RF IR AR AR T AN 23 o E 0 5

alignment of bolt holes to permit insertion of the special bolts without undue damage;

HTEFTA SLH S E AR AR, BLAE T R R
placement of special bolts in all holes, including any washer requirements as

appropriate;

LM ARG, WIERARNITER TG, BRI 12 R4 %
systematic assembly of the joint, progressing from the most rigid part of the joint until

the connected plies are in firm contact;

bt X A P A R R IR AR AT R TUR, MBI R NIVER 73 TG, BAiK
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E JEE i/ 5 i K R A A o it o

subsequent systematic pretensioning of all special bolts in the joint, progressing from
the most

rigid part of the joint in a manner that will minimize relaxation of previously

pretensioned bolts.

b) BAEKFE VS PR RGN U R B B, JF H 2=/ WA
b) Detailed inspection instructions shall be available in a supplemental specification

and, as a minimum, shall provide for:

D3RP 5 B T 22 2 965 0 16

observation of the required pre-installation verification testing; and,

2) BB Ja B H RIS, DA DR IE 058 e IR B AR A A

subsequent routine observation to ensure the proper use of the special bolting

components.

FEFEMARTR LA, RERRL RO ARSI 255 & % B 7 b,
I HAE 3008, ) LI I g6 k1l 46 1) 1€ A2 08 (S [ 28, AT DA P Re SR 1)
IR SCAL AT SR SORR A A D IR S B Rl ) 55 2040 o
Specially tapped holes or threaded studs may be used as equivalent to the use of a
bolting assembly in pretensioned and non-pretensioned assemblies provided that the
materials, thread forms and thread tolerance conform with the respective product
standard, and in case of pretensioning, sufficient tightening parameters can be
developed by proof testing.
R 2: EN 1090-2 RUEH2AE 75 T A IR i A N2 A0 AR5 2
NOTE 2 EN 1090-2 provides information on the supply and use of resin injection bolts.
7.10 DHEME BRI RERER
7.10 Galling and seizure of stainless steel structural bolts
A RICR T LR T 3 dit 4 5 ) AL
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The following methods may be used to avoid galling problems:

a) fE BT R, Bl FH T A AN B 4 T T 7

a) anti-galling agents, e.g. an appropriate lubricant suitable for stainless steel.

b) &M TR I AR AL AN AN A AR AN S A MR AR AR AE S . (i, AR
4 1SO 3506-1 i1 ISO 3506-2 #5ifk, A2-C4. A4-C4 B A2-A4 IRAE-IREH A
b) dissimilar standard grades of stainless steel structural bolt that vary in composition,
work hardening rate and hardness (e.g. Grade A2-C4, A4-C4 or A2-A4 bolt-nut
combination in accordance with ISO 3506-1 and ISO 3506-2);

c) FEMHEHOLN, A —ANAF LA ok AT 5 <5 45 A 8 AR BN, FH AT
RIMWRE, B0 EAC BRSSP 2 |

c) in severe cases, a proprietary high work-hardening stainless steel alloy structural bolt
for one component or hard surface coatings applied, e.g. nitriding or hard chromium
plating;

Un AT AN F) <5 SR R =, 06 20U D 21 BT 75 PRV b

If dissimilar metals or coatings are used, it is necessary to ensure that the required
corrosion resistance is obtained.

ER 1: 180 3506-1 ARt o 41 HH I AN AN IR ™ dh, FE 1R RESF S0 AL 55 R R AT
7, AIIRBE AT AL R R

NOTE 1 Stainless steel bolting products listed in ISO 3506-1 that include the identifier
Lu immediately after the property class can provide a controlled torque/tension
relationship.

ER 2 REATRE S 1 5 ] R vh A2 s BRI GS 32 3 4 T 2 101 ) SR Rk B A
B SEN . RN, R ARE S MR,

NOTE 2 Galling can result from local adhesion and rupture of surfaces under load and
in relative motion during fastening. In some cases, weld bonding and seizure can result.
ERE 3 MR TEE A AT, ERSBUTRITG Y, AT
RAHIR 7 7

NOTE 3 The greasing of bolts is beneficial but can result in contamination by dirt and

can present problems for storage.
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8 K& REWMKIE

8 Inspection, testing, and correction

8.1 —MHE
8.1 General

B BRbRiE 1SO17607-1.

See ISO17607-1.

8.2 LR KE

8.2 Structural bolting inspection

8.2.1 NEMW RIERTHIME

8.2.1 Inspection prior to erection of steelwork

P ERRZBINAT & 6.3 THIE K.

All connected plies shall meet the requirements in 6.3.

X TR R, NAEH R AT LRI EER AT H IR & . SR ERN T & 6.4
T HIRE -

For slip-resistant connections, the friction surfaces shall be visually checked
immediately before assembly. Acceptance criteria shall be in accordance with 6.4.
ATFEER G OUNARYE 8.3 WREATA IE.

Nonconformities shall be corrected in accordance with 8.3.

FATIR R FLEI AT & 6.2 T EEK

All bolt holes shall meet the requirements in 6.2.

8.2.2 ZEEHRAIKAE

8.2.2 Inspection prior to installation of bolts

FERHZAT, RN LI SRR MR AT H e &, SR 2O E
PP ELGREG, EIEZARLE. IRSURIR A I K

Prior to installation, structural bolting components shall be visually inspected by the
installer for gross physical defects, including cracks, thread damage and loss of

lubrication.
65



ST HATEER N EXL2. EXL3 F1 EXL4 TR IS, U8R 7.4.6 715 H#LE
22 2 T S0 IE 0 R A B [ AR e o
For pretensioned bolts in EXL2, EXL3, and EXL4, the tightening procedure shall be

checked using a pre-installation verification test prescribed in 7.4.6.

8.2.3 HRBREHMKEE

8.2.3 Inspection after installation of bolts
WINPT R AR HEAT L T A A
All bolts shall be inspected for the following:

a) BRHRTT & FE IS5 2

a) bolts are of the prescribed grade,

b) iRk TR & e

b) bolts are of the prescribed size,

o) e LW EAN 2 IRGUE(H RBR B2 4

c) bolts have sufficient but not excessive thread extending beyond the nut, and

d) tRARE VU E, WIR AR R N B A e U R &
d) bolting assemblies have the prescribed locking device, if a locking device has been

specified.

P A IR RS, ST B A, R 45 Jm Bt 55, LA £k
EHAE I 722 WREAL, HEEMFNEZCREEM. WmiohrEma B
BRI AT A 7.2 F5 . 7.2.3 T 7.2.4 THIE

All connections shall be visually checked after they are bolted up with the structure

aligned locally to ensure that they are properly packed in accordance with 7.2.2, and
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that the plies of the connected elements have been brought into firm contact.
Acceptance criteria and action to correct nonconformity shall be in accordance with

7.2.1,7.2.3 and 7.2.4.

WERAGHZR T AR REER#EE 7 7.2.2 3R e, 08 3 i1 %
o BN, WA wae, Al R I R A TR IEA SRS DL .

If the nonconformity is due to differing ply thickness that exceeds the criteria specified
in 7.2.2, the connection shall be remade. Otherwise, the nonconformity may be

corrected, if possible, by adjusting the local alignment of the component.

WU SRR AR E R B BEAT H ALK 21, DA ORI DA BRI . R 2ede 1
AT, W T H RS, DU RIS 7.2.7.3 TTRIZR. Wnfii
EARK AR ay, WA H AU 2R BT O, DA DR AT G A0 97 i s vHE B i i
A5 (L 7.4.10 %5

Structural bolting assemblies shall be visually examined to ensure washers have been
used as required. If chamfered washers are installed, they shall be visually checked to
ensure that assembly is in accordance with 7.2.7.3. If direct tension indicators are used,
the assembly shall be visually examined to ensure that it is in accordance the relevant

product standard or the manufacturer’s written instructions, see 7.4.10.

R A (Gl fLIE D R P RBUAOR 23R e IR I, NAE 2R 5E
SRR IR JA A 2 B D

Connections identified during inspection (punch list preparation) that do not have a full
complement of bolts shall be checked for fit up after the missing bolts have been

installed.

T e I LR e A L 2H I IR

Corrected connections shall be checked again on re-completion.
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8.2.4 AR
8.2.4 Inspection of pretensioned bolts

8.2.4.1 —f&IE
8.2.4.1 General

R a5V =% O SR AL ke 3, BRIARSATIE J3 B BR % .
The inspection method shall be selected from the methods provided in Annex O, unless

otherwise restricted by the execution specification.

FE 22 R N E I SRR TR S DL, DA DR 13 AL .
Pretensioning of bolts shall be periodically observed during installation to ascertain that

the proper procedures are employed.

8.24.2 MEISEHPMWEEHRE

8.2.4.2 Inspection during and after pretensioning

SHFHATES N EXL2. EXL3 Rl EXL4, 7% [ k2 dh A1 [ f5 RO AT i B A
7

For EXL2, EXL3, and EXLA4, inspection during and after pretensioning shall be
carried out as follows:

a) MARYE I TR, X O R MR A E R B B 2 3 A TR A, B
XFPE BT A . P 7 BN FEHL, 0 DR AR IR o5 DA 8 2 B AR - R
L OERR A SRR IERE R RBARGT, B A ) BB A AT 222 N B s

a) inspection of either installed bolting assemblies or installation methods, or both, shall
be undertaken depending on the pretensioning method used. The locations selected
shall be on a random basis, ensuring that the sampling covers the following variables

as appropriate - connection type, bolt group, fastener lot, type and size; equipment used,
and the installation personnel;
b) N TASERIH K, SRR E o A [F R VR S AR B B AR Rl ) i e
HAMFE RS SR R s . AETRE, RS RA I N2
AT

b) for the purposes of the inspection, a bolt group is defined as bolting assemblies of
68



the same origin in similar connections with the bolting assemblies of the same size and

class. A large bolt group may be subdivided into subgroups for inspection purposes;

c) WIHTIS, NSRS BT H AU, DA ORBOE AR 58 G 5

c) connections shall be checked by visual inspection to ensure they have been properly

packed, if required, and have achieved the snug-tight condition;

d) WERAIE, A HEEIER, M TSR, ERAREr, MM
[ R SEARIERL R, R e A ok A AR M R K

d)for final inspection, the same bolting assembly shall be used for checking both under-

tensioning, and, if specified, over-tensioning when applying the torque method;

8.2.4.3 TIH 8.2.4.7 TINREMEREIE T AN B (052 SCARTHERIZH I 5 225K

The criteria defining a nonconformity and requirements for corrective action are

specified in 8.2.4.3 to 8.2.4.7 for each pretensioning method.

N SROE A T 1 B R AZ IR FE W VR 3 TR, A2 H i B iR ke 2 B4R B

B 2%

If bolting assemblies are not installed and pretensioned in accordance with the defined

method, the removal and re-installation of the whole bolt group shall be witnessed.

8.2.4.3 HIEEMA
8.2.4.3 Inspection of torque method

XHERE R R A AN IR 4, (EFRGHE AR R X R A, (B0 Sk, 4
RigE) WA, HERS BRI 1.05 fHHHEE My (B M 30 Mygew)
BREBERE T AR e e o NE TR AR AT B0 A (0 e 2 7™ s 425 1) £ e fIRBR P2 o PATT 25 4F
i H -

The inspection of a bolting assembly shall be carried out, using Table 4, by the
application of a torque to the nut (or to the bolt head, if specified) using a calibrated
torque wrench. The objective is to check that the nut does not initiate rotation when
applying a torque of 1,05 times the torque value Mr,i (i.e. Mr,2 or Mr,test). Caution
shall be taken to keep any additional rotation to a strict minimum. The following

conditions apply:

a) FI i & AR T R I AR HE, KGN £4%, WIRHEIE P s
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a) the torque wrench used for the inspections shall be correctly calibrated and have an

accuracy of = 4 %, as shown on the calibration certificate;

b) A5 A W AE AR S BEAR 2H B 4 SE IR ] 12 /NI 2 72 /NI 22 TR AT

b)the inspection shall be carried out between 12 h and 72 h after final completion of

pretensioning in the bolt group concerned;

ISR E e A N IRARE R OR A AN R AR BCHE I, HAR A E AR, N E

BRI AL E .

If the bolting assemblies to be inspected are from different assembly lots, with

inspection torque values that are different, the locations of each lot shall be established.
c) WIREIRIAERE, W ML A 5 [ P TR AR T I AERA 1

c) if the result is rejection, the accuracy of the torque wrench used for tightening shall

be checked.

R 4 ERHAEREER B RERE

Table 4 — Inspection of pretensioning by the torque method

PATRA

Execution Class

FFoE TR R

At start of pretensioning

WEE

After pretensioning

EXL2

T RO IR A L A7 B
Identification of assembly

bolt lot locations

AIriefy
Inspection for under-
tensioning, and, if specified,

over-tensioning

EXL3 Fll EXL4

B 2 2 PR AR At A
Identification of assembly
bolt lot locations

R RE IR 2 ) iR A
Checking the selection of the
bolt

FHIRRR A TR TR P
pretensioning procedure for

each bolt group

2SN N
Inspection for under-
tensioning, and, if specified,

over-tensioning
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fi AT A R A AR B e i 15 R IRk R RPN R A (< 100 %)
o7 #3755 ] 22 i 5 A

A bolting assembly for which the nut turns by more than 15° by the application of the
inspecting torque is considered to be under-tensioned (<100 %) and shall be retensioned

up to the required torque.

IARPUE 1T A, ISR B EOR . T AR E R R MR R T £ 57
If a check for over-tensioning is specified, the requirements shall be specified. Over-

tensioned bolting assemblies shall be removed and discarded.

8.2.44 ZFHEFTERRE

8.2.4.4 Inspection of combined method
XA G TR LSRR, A ATHEAT DL N B MG A
For bolts installed using a combined method, the following additional inspections shall

be carried out:

a) AU B IR T AR T, PAIGIE L HERR IR & 7.4.9 747

a) the torque wrench calibration reports shall be checked to verify the accuracy to 7.4.9;

b) NI IAT VLS DR R A SR TN 53 IE A K A AR T T 38 — P I R B X T
b) it shall be ensured by routine observation that the bolting crew properly applies the

calibrated wrench to the nut for the first step; and

c) MAERM A ILS] 7.2.1 FIA 7.2.2 FTRUE AR BRRES, U RLIE I b 78 e
PR AR IR T R HE AT N R8s, LIS B IR AR AR TR 3 o AR AT5 R
BEWC, I A A I U R A R R A Y B AR A

c)if the connections do not achieve the snug-tight condition in accordance with 7.2.1

and 7.2.2, the calibrations of the torque wrenches in combination with the applied loads

shall be controlled by supplementary tests to achieve the correct initial pre-tightening
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load. If necessary, the initial torque application has to be repeated with the corrected
torque values. If still unpacked, the thickness and sloping surfaces of the assembled

connections shall be inspected and adjusted;

d) XF FHATEESN EXL3 A1 EXL4, FEXHE A 1 AR A ST T 75%H0E
(A RAR R AT BEATARIC AT, N AHT TR & . WRAE A A G & AR I SR B
Fezhitaid 150, NN EHRE, A EER T BT R AR R

d) for EXL3 and EXL4, the application of the initial torque application shall be checked
before marking using the same torque conditions as used to reach the required initial
bolt tension. If a nut turns by more than 15° by the application of the inspecting torque,

it shall be retightened and all remaining bolts in the connection shall be checked;

FESFURTEAT T 5 RO RERe AT, 250 H DU BT SR BEAR X T EAR IR S i s
Before the application of the required rotation starts, the markings of all the nuts relative

to the bolt threads shall be visually inspected. Any mark missing shall be corrected;

JRE I H SR ORIE AR 22 e N 53 TE A M K 22 B 45 T 80 T e i s 1
It shall be ensured by routine observation that the bolting crew properly applies the

installation wrench to the turned element;

A7), NAZMECLUT ZERA AR
After the application of the required rotation, the marks shall be inspected with the

following requirements:

a) WEREEA KT 15° , EREBIIEHUE, W NAZ %A R
a) if the rotation angle is more than 15° below the specified value, this angle shall be

corrected;

b) WIREE ik FE 11 5 30°, IR AR BAR BE SR, U BE HOHT A MR AR IERL A .
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b) if the rotation angle is more than 30° over the specified angle, or the bolt or the nut

has failed, the bolting assembly shall be replaced with a new assembly.

8.2.4.5 HuE 7L IXENBY WL
8.2.4.5 Inspection of spline-drive twist-off bolt method

xf A A B X B B W 22 e AR A, A JIUHEAT LA R AA MG A
For bolts installed using the spline-drive twist-off bolt method, the following additional

inspections shall be carried out:

a) BB H AR A O 58 R IRARIE LR . TR IR A EE L B R F TR 4R T i 4 Y
DI R R R o AR T R B AR AR SR R AL 5K A 5

a) the inspection shall be carried out on the completed bolting assemblies by visual

inspection. Pretensioned bolt assemblies are identified as those with the spline end

sheared off. A bolt assembly for which the spline end remains is considered to be under-

tensioned;

b) X FIATEEY Y EXL3 1 EXL4, HEHE AR CREERRID) I, fEZERER
)5, RIS edy, BNS YD R E R bsic H R B e &, X
TR, WORAKDUER e AR EESR, NI EIZA A 8 1
WREBR e B IFUE ST e RS iy, e e T B RS A 430°VE N R AR . T
Pz AR L MR N T DL SE e

for EXL3 and EXL4, when location marks (matchmarks) are used, after the completion

of pretensioning, regardless of any washer rotation, the nut rotation amount shall be

visually inspected by making reference to marks made after the preliminary tightening.

For each group of bolts, if a significant discrepancy is found in the amount of nut

rotation, the nut rotation of all bolts in the group shall be measured and the average

rotation angle shall be calculated. Bolts with rotation angles within +30° of the average

rotation angle shall be accepted. Rejected bolts shall be replaced;
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n SR W EARE 3 A 1 TS S 3 — R IR U iR SE T, U B A% D5 R
M HEATRI A .

If pretensioning of twist-off bolting assemblies is completed using another
pretensioning method, they shall be inspected in accordance with the provisions for that

method.

8.2.4.6 MEEEKNIBRBE

8.2.4.6 Inspection of direct tension indicator method
XA ] B R IR 7R 88 VA A R A, A JUEEAT LA AAMG A
For bolts installed using the direct tension indicator method, the following additional

inspections shall be carried out:

a) LI I 51147 WG DRAGAS 22 25 N D3 IE A N 22 B IR TF- B AR B A |
a) it shall be ensured by routine observation that the bolting crew properly applies the

installation wrench to the turned element; and

b) FEH TR Z AT, SRR DR ™ 520 B IR 7 R B TR . Bl U &2
TR 3238 2 1) 2 R /DR FOK U dRsas it Z [ i /D SR VFL &, W 2RAR
Y38 2 1) 2 RAE B B R SR VP B, US4 B O BE 4 A S 32 I R EL 5K
TR7R A% o

Prior to final pretensioning, it shall be ensured that the protrusions are properly oriented

away from the work. It shall be ensured by routine observation that the appropriate

feeler gauge would be accepted in at least the minimum permitted number of locations
between the protrusions of the direct tension indicator. If the appropriate feeler gauge
would be rejected in more than the maximum permitted number of locations, the bolting

assembly and direct tension indicator shall be removed and replaced.

o) FERA KI5, W

after final pretensioning, either:
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1) A HT2E R & BRIk i d7 a,  DURA ORA% B o 7 10 22 B R P A Tt e 0
A

1) the direct tension indicators shall be inspected using a feeler gauge to ensure that

adequate deformation of the protrusions has been achieved in accordance with the

manufacturer’s installation procedures; or

2) NOE BT WG DR AE ELRR 7K T8 4 1T H A o 2 T) 22 0 e /D R E
O A 2 2E RPN R . I R EARIK I 987m R 5K BIE RO R B, ml st
—B B AN, BB ENZRE

2) it shall be ensured by routine observation that the appropriate feeler gauge
would be rejected in at least the minimum required number of locations between
the protrusions of the direct tension indicator. If the direct tension indicator has
not been tightened to the specified limit, the assembly can be further tightened

until this limit is achieved; or

3) R EZ K TR A IR AL SRR R Ge, U RLAR AR 57 it b 4 B 3 7 5
U ESR, Mk E R AEKAFETRE, DE RS Rr CIsR
R TT

3) if the direct tension indicator provides a visual indicating system, assemblies selected

for inspection shall be checked to establish that the system indicates that the required

pretension has been achieved, in accordance with the requirements in the relevant

roduct standard or manufacturer’s written instructions.
duct standard fact ’ tt truct

G R MR AR S B R B RN B RS sl b 1 BRI B IR 2R R e
AGHAFRPRER R E B 28, AR AR Rl R BRI iR AR )
TR ARIE B E FIARER, WAt —D ek KA, HRERNZARER .

If the bolting assemblies are not installed in accordance with the relevant product
standard or in accordance with the manufacturer’s written installation procedures, the

removal and reinstallation of the non-conforming assembly shall be supervised, and the
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whole bolt group shall then be inspected. If the direct tension indicator has not been
pretensioned to the specified limit, the assembly can be further tensioned until this limit

1s achieved.

8.2.4.7 IRRHRIEVE

8.2.4.7 Inspection of turn - of - nut method
XA PR BEIR R 22 B A MBS, BEHEAT DA B
For bolts installed using a turn-of-nut method, the following additional inspections shall

be carried out:

a) X AT EXL3 MEXL4, A8 EMARICH, fEITRess 2R, Wb
F LS P A7 R BEAE O T B8 A AU AR T o

for EXL3 and EXL4, when location marks (matchmarks) are used, before the

application of the required rotation starts, the markings of all the nuts relative to the

bolt shall be visually inspected. Any marks missing shall be corrected.

b) N AT I DR IR A 223 N D135 MLT BICR ML2 TR RILE I IR e
BB AIR BB FR A, AR DL R A e A b i B 4 T 1 U8 L
ORI GIR B fe 28 el o MEAR TERR RIAEYIR 23N X (] e (A iU AT A
KABLEFRICH, SRVFETNE G X 240 Bhmiddir Bk a, DUREFI1T
MEE

it shall be ensured by routine observation that the bolting crew properly rotates the

turned element relative to the unturned element by the amount specified in Table M.1

or Table M.2, as appropriate. Observation of the final nut rotation may be achieved by

using marked wrench sockets or location marks. When bolting assemblies have
permanent location marks after the initial fit-up and snugging of the joint but prior to
pretensioning, visual inspection of the final location marks after pretensioning is

permitted in lieu of routine observation.
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8.2.5 RRERE MR BERR MR EMRERIT 15
8.2.5 Inspection of special structural fasteners and special methods

8.2.5.1 —fHE
8.2.5.1 General

PLRLE W R PR A M IR A 1 R (B AR INIR R R A BT & 5.2.10
7.9 5 HIRFIR 5 12 AT A 21 25K

Requirements for inspection of connections using special structural fasteners, including
stainless steel fasteners, or special methods in accordance with 5.2.10 and 7.9 shall be

specified.

IR SR A A A R A D N B gL, T 5 P MR S AL R L AT G 1R T
(NDT), PABERAT R 201
If tapped holes are used in cast materials, non-destructive testing (NDT) around the

tapped holes shall be carried out to ensure material homogeneity.

8.2.5.2 FAdERKRZEMIMF

8.2.5.2 Other structural bolting components

AR bR AE B L 138 7 2 W A S T RN B HA A R iR AR A (IR
iRk RPPRIRARE R A HERHTIR A .

Inspection of connections with other structural bolting components (e.g. hook-bolts,
special fasteners) shall be applied in accordance with product standards or

recommendations, manufacturers recommendations, or specified methods.

8.3 XIE
8.3 Correction
83.1 KEREHLRE
8.3.1 Excessive coating thickness
XEF IR ATk, BRARESAT IS Sy A e, 75 D) L 42 Al 25 B el
/NATRE P EURAR TR )™ BRI R R E .
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For pretensioned and slip-resistant joints, excessive coating thickness that can cause
substantial loss of bolt pretension shall be removed or reduced in thickness before

assembly, unless otherwise approved in the execution specification.

8.3.2 E#M LRI AL

8.3.2 Replacement of structural bolting components and assemblies

ZERIRRE . RBEATAR S A H A B DA BRI, BT AT

Structural bolts, nuts and washers that, on visual inspection, show evidence of physical

defects shall be replaced.

FE N BTG L bR e AR A -
The bolting assembly shall be replaced when:

a) X TAERE ARSI W EARIE TR A, IR B eSS MR A e be I, 8 el th il 2 e
a) for spline-drive bolting assemblies, there is washer rotation with nut or structural bolt

rotation;

b) A E MR (ILECHRIC) I, RKIELHEH EF a2 R
b) when location marks (matchmarks) are used, a significant discrepancy is found in

the nut rotation amount; or,

c) AR LA IR A IR EAR K BT [ A IR

c) the bolt length or orientation of the installed structural bolt is incorrect.

—HEOL T, PR KT E s IMEA 2 S 2R

A pretension that is greater than the minimum value specified, in general, shall not be
cause for rejection.

VR TERLR T ML A AME A TR TR 1k

NOTE A pretension that is greater than the minimum value specified is beneficial for
compensating for pretension losses.
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9 RFE A ST ER BT R B3

9 Documents required to claim conformity to this document

9.1 — Mt &
9.1 General

Jits AL R8I BUNME O R U E AT S ARSI ESR

Constructors may claim conformity with the requirements of this document either by:

— SR 2 2R L 1SO i, B

— adoption of the ISO standards referenced in Clause 2 or

— K5 2 5P IARHEEBOR _E2E [F ) HAbARE, BX
— adoption of other standards to those listed in Clause 2 that provide technically

equivalent conditions, or

— RAAEROR B8 R H Al S

— adoption of other documents that provide technically equivalent conditions;

FRAESATIE T S A R, 15 W 058 SRR B T B AR E BOCAAEBOR
E3RHBE T 5 1SO bRtk R EE K21

Unless otherwise listed in the execution specification, it is the responsibility of the
constructor to demonstrate that the standards or documents selected provide technically

equivalent conditions to those in the corresponding ISO standards.

FEPATHT,  HABRAE BRSO AR R RS fh] 52 B A% S AT E,  JF NI SRAT
AU H o
Prior to execution, adoption of other standards or documents shall be verified and

approved by the specifier and shall be incorporated into the execution specifications.
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TE M B 2= O N EIFASRERE Fr b B FAE SR ESE [, X752
Jits 5 IR 5T AE

NOTE The contents of Annex B through Annex O do not establish that the standards
or documents listed are technically equivalent, which remains the responsibility of the

constructor.

9.2 fFFEHEFH

9.2 Declaration of conformity

P AT A I SR Y 1) 38 7y B2 41 H 3 FH A AAE B s v B A

A constructor claiming conformity with these requirements shall list the applicable

supporting standards or documents.
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iz A
€ R ER D)
Annex A

(normative)
5l TSR RKNMNER . EBFRMER
Additional information, list of options and requirements related to the execution

levels

Al P BiE B
A.1 List of required additional information
Table A.1 provides the additional information that is required in the text of this
document as appropriate to fully define the requirements for execution of the work to
be in accordance with this document (e.g. where the wording “shall be specified” is
used).
® AL RME VAR TR RPN TRE R, LTS g SRR A SO it T 252
ISR (B, R “RHR%” FAER) .

R AL-FrERHIMIER

Table A.1 — Additional information required

%K FFE R K1 Bt in{5 B Additional information required
Clause
. T T4 AR AR U B F R B E SR

Execution specification and quality requirements

PR b A5 ] B B ] 5 A v A S A

-2 Technically equivalent national standards and documents
4o SRS EE R A i 72

Deviations from the requirements of this document
5 R dh
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Constituent products

SERRAMRBE I PERE S0, LS 2 IR 2 A d b o o A4 A
W I

2 Property classes of bolts and nuts and, if appropriate, coatings,
together with any required options within the product standard
HAZKT 150 898-1 FrifE. 1SO 898-2 FiEFl 1SO 898-3 Ak E 1)
BN AT B <0 55 ] 1 1 77 5k e

5.2.2 Mechanical properties for carbon and alloy steel bolting assemblies
with larger diameters than those specified in ISO 898-1, ISO 898-2
and ISO 898-3
HAZKT 150 898-1 FrifE. 1SO 898-2 #iEFl 1SO 898-3 Arifk H #il &
Y B AR Bl B PRk AR AN A 5 [ 1 1) )~ e

529 Mechanical properties for austenitic or austenitic-ferritic stainless
steel bolting assemblies with larger diameters than those specified in
ISO 3506-1 and ISO 3506-2, or those specified in other relevant
national standards
M =6 o 5 Tl P 1 g

5.2.2 Mechanical properties for atmospheric corrosion-resistant bolting
assemblies
FTHEIE R, dH TR RS (W 7.2.8.3 719

>4 For taper washers, dimensions applicable to shape (see 7.2.8.3)
TR RS T 45 R B AR AT AR A 5 18y

5.2.8 Chemical composition of the material of atmospheric corrosion-
resistant structural bolting components
FHAE St R A AT A2 e

> Properties for rods used as foundation bolts
Xf T AR AR DAAN B ] R G, G SR LA A A B A 7

5.4.2 For anchorage systems other than foundation bolts, if reinforcing
steels or proprietary products shall be used

6 TR A%
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Preparation and assembly

A T2 50N B Bl 1 42 SCIRJRR

o2 Nominal clearances for pins not intended to act in fitted conditions
. CEIE S AN
Dimensions for movement joints
294 XFFUUKIRRE, YRR
For countersunk bolts, dimensions of the countersinking
1o TRk, Pt 25
For countersunk bolts, dimensions of the countersinking
¢ 45 B 2 T Fe VR IR R
Coating, if permitted in the slip surface
, IR R
Structural bolting
B e F SR R B AR I TR SR . TR R B A i
7.2.1 Identify the joint type as a non-pretensioned joint, pretensioned
joint, or slip-resistant joint
- i 5 A P ik AR IR A
Locations where full contact bearing is required
R T A MR AR E R R 4 SCEAR/N T M12, T3 B AR
7.2.6.1 fiEek
If a nominal bolt diameter used for structural bolting is less than M12,
the requirements associated with its use
I FAFAR FRE AL AHE BT Y Ah, 1 Ul B R A R .
7.2.6.2 Where bolts must have threads outside shear plane, the dimensions
of the bolts.
WU AR D AE BT VTR AN RS0, HIEER I 1 B A .
7.2.6.2 Where bolts must have threads outside the shear plane, with
connected parts of unequal thicknesses, the orientation of the bolt.
7.2.81 | X TARTR SRR, 2T S AL A AR fLER R, RS
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2, R R TCE AR NIRRT (RURRE R N , iE
e P AT -

For non-pretensioned structural bolts, if washers are required with
standard round holes, and if so, whether washers are to be placed

under the nut or under the bolt head, whichever is to be rotated, or

both.

X TR A AR, R 8.8 U E IR S o R A MR A AN SR A P
AR, BAE LUR T DL ZERAE AL 2 ]

7.2.8.2 For pretensioned structural bolts, if hardened washers are not
required for Grade 8.8 or equivalent strength bolts, or are required
under the unturned element.
T IUR SRR, R ESATRE 10.9 RSP
WE A PR AE AL 2

7.2.8.2 For pretensioned structural bolts, where hardened washers are
required or not required for Grade 10.9 or equivalent tensile strength
bolts

84 Ji AR s Bl ) RS AN 5
Dimensions and steel grades of plate washers, where used
Fit AT 8B IR RS AR S (I, 5.2.4.1 1)

7.2.8.5 Dimensions and steel grades of taper washers, where used (see
5.2.4.1)

- TS AR B AL 75 ZEBUE B E
Where locking devices are required with pretensioned assemblies
IR, X A RS B N e R R R A 4 A AT R sk

7.9 5
When required, procedure tests for use of special bolting
components in non-pretensioned or pretensioned applications
WA, WBRARIE
8 Inspection, testing, and correction
8.2.4.1 | TR AENE AT, Ao A 2R
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Where pretensioned stainless steel bolting assemblies are used, the
requirements for inspection and testing
BN, RAZBREUERE R SLEERE (L
5242 8.2.4371) .
When the torque method has been used, if final tightening inspection
includes checking for over-tightening (see 8.2.4.3)
AR AR SRR, R (W 8.2.4.2 41)
5243 If checking for over-tightening, the requirements (see 8.2.4.2)
A8 FHARF IR 35 A 5K (1 B R Yk O T P A 1 SR
8.2.5.1 Requirements for inspection of connections using special structural
fasteners or special methods
5 A S & RS &7k
8.2.5.2 Inspection method for connections with other structural bolting
components, if required
o P RF A IX BB SR BT R B S0
Documents required to claim conformity to these requirements
FH ik PR e B, X AR SO R A 1 SR 1SO FR
o1 T B SR AR ROR 455 [F) 26 F
List standards or documents selected that provide technically
equivalent conditions to those in the corresponding ISO standards
FENE T 07 KA, A% SEOFHE R ] A AR AE T, R4 a0
APAT G -
9.1 When adopted by the constructor, verify and approve adoption of
other standards or
documents and incorporate into the execution specifications.

A.2 List of options
A2 BETEE
® A2 P T AIESAT NG AR BITH DU E AR SO 28 Y e T AR R

IR,
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Table A.2 lists the items which may be specified in the execution specification to define

requirements for the execution of the work where options are given in this document.

R A2-F1EE HIZINF R
Table A.2 — List of options to be specified

K

Clause

B8 % KT
Option(s) to be specified

FRGY T i

Constituent products

523

AR SR AN AN BEAR T T T

If stainless steel bolts may be used in pretensioned applications

5.2.6

ISR T DU IR B.6 FT 41 LLAR A B 5K T Ron 4%

If alternative direct tension indicators other than those listed in Table

B.6 may be used

529

IR SR T A R IR B BTV 1R K3
If devices that effectively prevent loosening or loss of pretension

required are required

529

AN ST DA P BUAT HHAR SR B 9B e

If prevailing torque nuts may be used as locking devices

5.2.10

Un SR AT DUAE PRk 45 ) 3 [

If special structural fasteners may be used

5.2.15

G SRAE A 92 2 3 A TR ST AN K [ 1 R 48 R AR AT i HeAth
PNIZAS Xy

If reconditioning of spline-drive assemblies and bolting components
installed using the

torque method may be performed by other than the manufacturer or

supplier

54.1

T SR i A W] 18 FH B

If reinforcing steels may be used for foundation bolts

54.1

AR SR L R AR A T oA B, AN 54

If reinforcing steels are used for foundation bolts, the grade of steel
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& IARAD

Preparation and assembly

6.2.1

& C.1 LA gt 44 SCIRIR

Nominal clearances for bolts if other than Table C.1

6.2.2

R ILIIR T, WS 4 B ALE R T A
The dimensions of bolt holes if other than that provided by the nominal

clearances

6.2.2.2

an SRy DA Y e A L

If short-slotted holes can be used

6.2.2.2

A Ry A A L
If long-slotted holes can be used

6.5

PR MBSk, ARG R R R 3 SRR UK T K
B, T R G R 25 R B R 2 R

For pretensioned and slip-resistant joints, if excessive coating
thickness that can cause

substantial loss of bolt pretension need not be removed or reduced in
thickness before

assembly

ZH R
Structural bolting

722

Un SR SRV P i A DA ) 2 e

If shims other than those made of flat steel are permitted

722

n SR P R A FLE I BE R U S AR5

If shims are required to meet a specified friction slip factor

7.2.6.3

P AR TR SRR, W R fo YRR AN P IR S0 T A g
20, BUESRIERN P IIRSE T A aiBar (IR E3)

For non-pretensioned structural bolts, if less than one full thread in the
grip is permitted,

or if more than one thread in the grip is required (see Table F.3)

7.2.6.3

X IUR SRR, WEOR SR VR A RSO A, BER
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B ES 2 TS (R FD

For pretensioned structural bolts, if less than two threads in the grip is
permitted, or if

more than two threads in the grip is required (see Table F.1)

7.2.6.4

R R RN R A DT — MRG0 (LK F.2 fik F4)

If less than one thread protrusion beyond the outer face of the nut is
permitted (see

Table F.2 and Table F.4)

7.2.9

U RAVUE 2 B n] DLE ) HAR ik

If other methods can be used for locking devices

7.4.1

WA VAL 7.4.7 198 7.4.1.1 35 (AT —Fh TR T 12
If any of the pretensioning methods given in 7.4.7 through 7.4.11 are

not permitted

7.4.3

WARAEH Fy LA 44 SR/ N

If a nominal minimum pretension other than Fp is to be used

7.4.3

WARPE TR /N T F, NI TR 7% RS R &
TR

If a pretension less than Fp is specified, the pretensioning method, the
pretensioning

parameters and the inspection requirements

7.4.4

I SRR L 75 2 k 2

If a k-class is required for a bolting assembly

7.4.4

A SR T A AR DT iR R B = H AT iR A A v

If Annex H for bolt calibration for the torque method may be used

7.4.6

IR G Hrade 5 22 e i B e I AR e 32 1) PR )
If the selection of pre-installation verification testing procedure from
Annex G is

restricted

7.4.6

W EN 14399 Ry gh ) KA1 k 2008 K1 8 K2, FE#HT%
B IR IR G

If pre-installation verification testing is required for EN 14399
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structural bolting

assemblies with a k-class of K1 of K2

AR SR R TSR A R A AR I Y 96 52 2 R Al

T If the selection of torque method provided from Annex I is restricted
AR 5% T A S R 4H & U7 VR B 52 SRR )
7.4.8 If the selection of combined method provided from Annex J is
restricted
0 SRAKE T P = KA BRI A T e ik 32 3] PR )
7.4.9 If the use of the spline-drive twist-off method from Annex K is
restricted
AR AE F B3R L A A B 5K Fm 4 7 1R 5 21 R
7.4.10 If the use of the direct tension indicator method from Annex L is
restricted
A SRR s M AP SR A RO R BE e U 1k PR 0 3 52 21 R
7.4.11 If the selection of turn-of-nut method provided from Annex M is
restricted
X ECAIREE,  WURMRESURT BE MR BE— (0 i A1 2% 1 AR
¥ 1/3
1.5 For fit bolts, if the threads may exceed 1/3 of the thickness of the plate
from the outside
surface on the nut side
A0 SR A6 2B R B Tt KV B )5 7T RE H I B MR AR TR Ay 4k COL B
K Q)
1.7 If measures shall be taken to offset possible subsequent loss of bolt
pretension (see
Annex Q)
AR ARGy 8.8 BRIRISE ORI K BEARSE I R IR 2 A i i A m]
. DL & Al
If uncoated structural bolts of product class 8.8 or equivalent strength
and lower may be reused
8 BE. ARy Ik
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Inspection, testing, and correction

AR % O SRS & 7k i35 52 1] BR 1

8.2.4.1 If the selection of inspection method provided from Annex O is
restricted
BEATHHAEVE R A, 0 SR B iR A Sk n
8.2.4.3 | When performing inspection of the torque method, if application of a

torque to the bolt head is required

Annex C | 8R4 SCFLIAIRR
Nominal hole clearances for bolts

Table C.1 | HIT-EEAEAOMEAT S5 N FH , G SRAN T B0/ 1535 5] L A 18] B

*Cl1 For applications such as towers and masts, if the clearance for normal
round holes need not be reduced

Table C.2 | X H A% 27 mm BUE KHIRME, WERIF BT Z M 3 mm #/N 5] 2

*C2 mm
For bolts of diameter 27 mm or greater, if the clearance is to be reduced
from 3 mm to 2 mm

Amnex F | 21 HEREL. BRECT HY AT 24 Pl )48

M F Threads in grip, thread protrusion, and use of taper washers
W 6.7.2.6 %7, 7.2.6.4%H17.2.8.5 1%
(see 6.7.2.6,7.2.6.4, and 7.2.8.5)

Annex H | 31375 £ T EN 14399 HILIE A 77 SR I8H 1AL AR 56

M H If not stated in the manufacturer's instructions, values for deformations
of the direct tension indicator protrusions
W 7.4.6 7
(see 7.4.6)

H.8 AN R AE R U B IR A W, BRI HR s s ) Y
B
If not stated in the manufacturer's instructions, values for deformations
of the direct tension indicator protrusions

AnnexJ | FURREM -HeREE

s J Pretensioning bolting assemblies — Combined method
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J1

IRAEHIER 1.1 DA HUE

If the use of values other than Table J.1 are to be used

J3

IR EEAARE (UEECARIS)

If location marks (matchmarks) are required

st K
Annex K

TR R [ -6 S IR 3 BY ik

Pretensioning bolting assemblies — Spline-drive twist-off method

WR TN g, 8RE, BB AR
If a mark running across the structural bolt, nut, washer and member

is required

R SR SOV A TR AR Py AT [

If tightening is permitted using an alternative pretensioning procedure

W k ZAXPRT k ¢ KO, 47 HRD B2 B K1 1 K2 87 HR 425}
i k 2 K2

If the k-class if limited to k-class KO, Kland K2 with HRD nuts, or k-
class K2 with HR nuts

MM
Annex M

R [ TR - e SR R

Pretensioning bolting assemblies — Turn-of-nut method

M.1

LR [ 5 A 52 S AR (ULECHRIE)
If location marks (matchmarks) shall be established after snug

tightening,

M N
Annex N

1A K A 4 2T (BTQP)
Bolt Tightening Qualification Procedure (BTQP)

N3.1

A SR 06 AP e S R BE LA SN T VR EAT
If tightening shall be carried out by a method other than rotation of the

nut

N3.3

IR AL F A — A B SR VR 2 0k

If a component of a test assembly is permitted to be used more than

once

N3.5

U SR AL U e MR B ASM A A EAT B T
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If tightening shall be carried out by a method other than rotation of the

nut

fix O Z5H R AL B0 T ¥

Annex O Method for structural bolting inspection
0.2 IR TR E AT AT S 40 EXL2 4 (el &
If shop inspection for EXL2 is required
P WETE B R B ALK

Annex P Test to determine slip factor
P3 D0 SR 75 A SEMEAR T B I T 28 A6 45 %
If it is required to estimate bolt pretension losses over time
P5 NS T- DL -R B T £, SR it A i AN 2 50 4

If, for the “displacement - log time” curve, the design life of the

structure is taken as other than 50 years

A3 S5 TSEHARMER

A.3 Requirements related to the execution levels

ARSI T A g SRR I LA R AR B R

This clause lists requirements specific to each of the execution levels referenced in this

document

R A3 PUUHAT BRI H 5 — BRRPATIE R R G L, AR RN
TR (BN TREE —FrBO PRSP TAFH . AT H — B 2R
Pa B AR BZ S VE R S SRR I 2 i 554

Items identified in bold letters in Table A.3 relate to the general system of control of
execution and are amenable to a common choice of execution level across the whole of
the structural steelwork (or a phase of the structural steelwork). The other items
generally demand the selection of the appropriate execution level on a component -

by-component or a connection detail-by-detail basis.

Table A.3 — Requirements for each execution level

R A3- B THERRER
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K

Clauses

EXL1a

EXL2?

EXL3 EXL4

4 - LRSI R EER

4 - Execution specification and quality requirements

UL 1SO 17607-1 brite
See 1SO 17607-1

5 - BLAr T i

5 - Constituent products

5.1 §Eid
5.1 General

RSt

Inspection documents

W5.1.27, R 1MEK?2
See 5.1.2, Table 1 and Table 2

5.2 GEHIRAR T i

5.2 Structural bolting products

W AIFRIC

Identification and marking

W, 5.2.13 7
See 5.2.13

AEITE - UL 1SO 17607-1 krifE
Traceability See ISO 17607-1
7 - M iR

7 - Structural bolting

7.2.2

17607-5 Frifk .

accordance with ISO 17607-5

QSR AR YR PR ] e 2 e, RN AT 5 1SO

if welding is used to secure shims, welding in

8- K. RWMYIE

8 - Inspection, testing, and correction

8.2.2 RILIER BT AL

8.2.2 Inspection prior to installation of bolts

8.2.2

ik FH 22 2% i e e ik O Ao 7 X A

tightening procedure checked using a pre-

installation verification test

8.2.4 BT EE:K
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Inspection of pretensioned joints

5242 B Tk B IR A 2 J5 B A A
inspection during and after pretensioning
B3R O-SMIR I E R & %k
Annex O - Method for structural bolting inspection
0.1 PR B
0.1 Sequential inspection method
TR — G 2k, BARGE R EZ
. ) A R
number of bolting assemblies inspected in
first
0.11 - N A B Jiii B 1Y
sequential type A sequential type B
0.2 T TERIPRRETTE

0.2 Frequency inspection method based on execution level

W% 0.1

See Table O.1

WS “-7 R SRR AAREDR .

a dash "—" indicates no specific requirement in the text.
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ffx B
Annex B

(T PR )
(normative)
RE M. ERARE
Bolting component, assembly and coating standards

B.1 iR
B.1 General
R B.1 2 BIFIH T 5ASCHEG] I 1SO AR AR R 14 1 X R0 ZR bR itk & S
RIS ‘-7 o AE R E bR
Tables B.1 to B.9 show the regional and national standards and documents
corresponding to the

ISO standard(s) referenced in this document.

£ K B ER B9 BRI A E B SRR HERT SO Z R AR AT BOARSE R .
NOTE The contents of Tables B.1 to B.9 do not establish any technical equivalence
between the standards and
documents listed.
R B.1 - B TR R E B A 0454 5 4
Table B.1 - Structural bolting assemblies for pretensioned and non -

pretensioned applications

AR K 1SO R
Pt x
ISO standard(s) and None

documents referenced in

this document

EN 14399-1
EN EN 14399-1 ¥i3a
EN 14399-2
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EN 14399-2 ¥H35

EN 14399-3
EN 14399-3 #7t
EN 14399-4
EN 14399-4 H{7E
EN 14399-7
EN 14399-7 #i7E
EN 14399-8

EN 14399-8 #1375

AS/NZS

AS/NZS 1252.1
AS/NZS 1252.1 it
AS/NZS 1559
AS/NZS 1559 frifk

GB

GB/T 1231
GB/T 1231 #i78
GB/T 16939
GB/T 16939 }i3iz

GOST

GOST 1759.0

GOST 1759.0 #rifE

GOST 7796

GOST 7796 Hri

GOST 7798

GOST 7798 Hii

GOST 7805

GOST 7805 Hxi

GOST 7817

GOST 7817 hyi

GOST 15589GOST 32484.1
GOST 15589GOST 32484.1 br#k
GOST 32484.3

GOST 32484.3 Fpife

GOST 32484.4

GOST 32484.4 Fpife

GOST R 50791

GOST R 50791 #xifE
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JIS/JSS

JIS B1186
JIS B1186 txift

ASTM

R B.2 - F T HhUA SR THL N B FE SR X B 45 4 X% [l 4

Table B.2 - Spline - drive structural bolting assemblies for pretensioned and

non - pretensioned applications

ASCAEE F B 1SO FReERT | &
pre s None
ISO standard(s) and
documents referenced in
this document
EN EN 14399-10
EN 14399-10 ¥y
AS/NZS -
GB GB/T 632
GB/T 632 }ii
GB/T 633
GB/T 633 }ii
GOST GOST 32484.1
GOST 32484.1 FifE
GOST 32484.4
GOST 32484.4 ik
JIS/ISS JSS 1109
JSS 11 09 Frifk

ASTM

ASTM F315/F3125M, grade F1852
ASTM F315/F3125M, grade F1852 #yu
ASTM F315/F3125M, grade F2280
ASTM F315/F3125M, grade F2280 #{ 7
ASTM F3148

ASTM F3148 #iiu
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& B.3 - R AR J1 45 3 AR R R
Table B.3 - Structural components and related standards for pretensioned and

non - pretensioned applications

Bolts Nuts Washers
WA R R H P

ARSI ISO bréEF! | ISO 898-1° #r #f | ISO 898-2* #x #E | ISO 898-3 Ak
S ISO 898-1° ISO 898-2° ISO 898-3°

ISO standard(s) and ISO 7089 #rifk
documents referenced in ISO 7089

this document ISO 7090 A5
ISO 7090

ISO 7091 Frife
ISO 7091

ISO 7092 Frife
ISO 7092

ISO 7093-1 Fr#k
ISO 7093-1

ISO 7093-2 brk
ISO 7093-2

ISO 7094 Frife
ISO 7094

EN - - EN 14399-5 $i7E
EN 14399-6 ¥135

AS/NZS - - -

GB - GB/T 229 # V& | GB/T 230 #yu
GB/T 229 GB/T 230

GOST - - GOST 32484.5 pife
GOST 32484.5
GOST 32484.6 Frift
GOST 32484.6

JIS/JSS - - -

ASTM ASTM ASTM ASTM F436/F436M
F3125/F3125M A563/A563M ASTM F436/F436M
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grades A325, | Grades C3, D, DH,

A325M, A490, | DH3
A490M ASTM

ASTM A354, | A563/A563M
grades BC, BD Grades C3, D, DH,

ASTM DH3 My
A449ASTM
F3125/F3125M

grades A325,
A325M,  A490,
A490M

ASTM A354,
grades BC, BD
ASTM A449 Fi

ot

a NEFERESEY T 10.9 HEAE . BRREFIHLE .

a Bolts, nuts and washers with property class higher than 10.9 are excluded.

R B4 - PUE A T ARTRBLILFH B9 45 h K 1B 4F

Table B.4 - Structural bolting assemblies for non - pretensioned applications

only
ARSI 1SO ArdEf | T8
A None
ISO standard(s) and
documents referenced in this
document
EN EN 15048-1 #iu
EN 15048-1
EN 15048-2 #ii4
EN 15048-2
AS/NZS -
GB -
GOST GOST 23118 FxifE
GOST 23118
STO NOSTROY 2.10.76 #5#k
STO NOSTROY 2.10.76
JIS/ISS -
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ASTM

x

None

R B.5 - fUEH T IEFKH N B S5 H B4

Table B.5 - Structural components for non - pretensioned applications only

B4 WE R Hpg
Bolts Nuts Washers
ASCAESI R ISO ARUERT | 1SO 4014 5#E | ISO 4032 Frife
S ISO 4014 ISO 4032
ISO standard(s) and I1SO 4017 brifE | 1SO 4033 Frifk B
documents referenced in | ISO 4017 ISO 4033
this
document
EN - - -
AS/NZS AS 1110.1 #z
1 AS 1112(FT A &6 77) 45 | AS 1237 FRifE AS
AS 1110.1 7 AS 1112 (all parts) 1237
AS 1111.1 ¥5
M AS 1111.1
GB GB/T 5780 #i | GB/T 41 #iit
ek GB/T 41
GB/T 5780 GB/T 6177 #ija
GB/T 1228 #1 | GB/T 6177 )
BEA
GB/T 1228
GOST - - GOST 18123 FrifE
JIS/ISS JIS B 1180 ¥5 | JIS B 1181 brifk JIS B 1251 #pife
T JISB 1181 JIS B 1251
JIS B 1180 JIS B 1256 #5 #fE
JIS B 1256
ASTM  A307 | ASTM  A563/A563M,
bR grades A, B}y ASTM F8a4 R
ASTM ASTM F844
ASTM A307 | ASTM  A563/A563M,

grades A, B
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# B.6- HEK S1fa S

Table B.6 - Direct tension indicators

ARSI 1SO AriEAn | T8

A None

ISO standard(s) and

documents referenced in this

document

EN EN 14399-9 #it
EN 14399-9

AS/NZS -

GB -

GOST -

JIS/ISS -

ASTM ASTM F959/F959M # it
ASTM F959/F959M

Ta & B.7 - NMENIR I EZIM

ble B.7 - Stainless steel bolting components

B4 R EE H[E]
Bolts Nuts Washers
A SCAESI I 1SO AR#ERT | 1SO 3506-1 Frife 1SO 3506-2 ik
A I1SO 3506-1 I1SO 3506-2
ISO standard(s) and
documents referenced in
this document
EN -
AS/NZS -
GB -
GOST GOST 7798 friE
GOST 7798
GOST 7805 Hyi
GOST 7805
JIS/ISS -
ASTM ASTM A193/A193M i | ASTM A194 #i
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ASTM A193/A193M ASTM A194
ASTM A320/A320M #i | ASTM F594 #i
ASTM A320/A320M ASTM F594
ASTM F593 ¥{iu
ASTM F593
ASTM  A1082/A1082M
bR
ASTM A1082/A1082M
& B.8 - MR R
Table B.8 - Foundation bolts
A5G 1SO Fr#ER | &
A None
ISO standard(s) and
documents referenced in this
document
EN -
AS/NZS -
GOST GOST 24379.0 FrifE
GOST 24379.0
GOST 24379.1 ik
GOST 24379.1
GB -
JIS/ISS JIS B 1220 FrifE
JIS B 1220
ASTM ASTM F1554 #iiu
ASTM F1554

® B9 BEM. Bk, B8, RENEEKIRRENGRE

Table B.9.— Coatings for bolting assemblies, bolts, nuts, washers, and direct

tension indicators
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HyBUmiL | TORERR
o 22 HUBREE £
K Thermal & Zinc -
Hot dip Mechanical
Electroplating | diffusion/she flake
galvanizing | galvanizing .
rardizing coatings
ASAEH]
HIHI 1SO
FRUERISC
4 1SO
ISO 1461 2
standard(s) SO 4042 ISO 14713-3 | ISO 10683
and ISO 10684
Documents
referenced
in this
document
EN - - - - -
AS/NZS - - - - -
GB - - - - -
GOST GOST 9.307 - - GOST 28844 -
JIS/ISS - - - B -
ASTM
F1136
ASTM ASTM ASTM
ASTM ASTM B695
F2329 A1059 F2833
ASTM
F3393

aISO 1461 prEAE T HIEEE ™ o IR [T, PGS A T T TRARdE, X LEehR
#ERT e IG5 1SO 1461 Frite AN BN ESR B E -
ISO 1461 does not apply to hot dip galvanized products (e.g. fasteners) for which specific

standards exist and which can include additional requirements or requirements which are

different from those of ISO 1461.
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% C
Annex C

(T PR )
(normative)
R L 48 AN RR
Nominal hole clearances for bolts
btk CHR M 7 T & s rg 44 ALl R . 2 6.2 715,
Annex C provides nominal hole clearances used to establish the appropriate hole size.

See 6.2.

R CAE CA LR T HASLAF 51 FI I ISO FRAH X I 4t X A0 ] 5 v S ST
kA2 LIRS, N & ZRERE P TR .

Tables C.1 to C.4 show the nominal hole clearances from regional and national
standards and documents corresponding to the ISO standard(s) referenced in this

document, as indicated in the NOTE to each table

% C.1 kT EN 1090-2:2018 ¥H3.
Table C.1 is based on EN 1090-2:2018.

F C2 1% C.3 3K HT AISC 360-16 LA CSA S16-19 #iG .
Table C.2 and Table C.3 are based on AISC 360-16 and CSA S16-19.

® CARE T HAEFRMEEE, H TR RN,
Table C.4 is based on Japan Building Standard Law, except for clearances used for

bridges.

F£C53KHAT SP16.13330:2017 Frifk .

Table C.5 is based on SP 16.13330:2017.
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IR C.1 2R C.5 BN B I AR E Fr 5IFR A SO 2 T8 AT A SRS R 1
NOTE The contents of Tables C.1 to C.5 do not establish any technical equivalence

between the standards and documents listed.

& C.1 - R K4 SRR

Table C.1 - Nominal hole clearances for bolts
RFHAZ: mm

Dimensions in millimetres

RS L ER J
Nominal bolt | MI12 | MI14 | M16 | M18 | M20 | M22 | M24 | M27 1 M36

diameter d
PR AL
Normal round 1 b 2 3
holes *
KIEFL

Oversize round 3 4 6 8

holes
FHK R AL ¢

Short-slotted

holes (on the
length)?

KRR

Long-slotted

1.5d
holes (on the

length) ¢
O EEAEAEAT SN, BRAREDAT RS TR I RE I 15 FL A A% SCTR] BN D

0.5 mm,

 For applications such as towers and masts the nominal clearance for normal round holes shall
be reduced by 0,5 mm unless specified in the execution specification.

O XF T RIE R AR, AT AR B A YR 2 R LR N 1 mm f) 4 SRR

® For coated bolting assemblies, 1 mm nominal clearance can be increased by the coating
thickness of the bolting

assembly.
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¢ X EARN 12 AR 14 ZK A IEAR BT IR AE AT T 2 mm [RIBR AR AL A

¢ Bolts with nominal diameter 12 mm and 14 mm, or countersunk bolts may also be used in 2
mm clearance holes

o TAESL PR R, 5 A 44 SCIRI RS S b v B SR E B ELAR R BUAH R o

4For bolts in slotted holes the nominal clearances across the width shall be the same as the
clearances on diameter

specified for normal round holes

¥ O£ C.1KAT EN 1090-2:2018 #17E .
NOTE Table C.1 is based on EN 1090-2:2018.

& C.2 - R4 XARR

Table C.2 — Nominal hole clearances for bolts

JOF AL mm

Dimensions in millimetres

RS L ER J
Nominal bolt | MI12 | MI14 | M16 | MI18 | M20 | M22 | M24

diameter d

M27 to M36
M27 A M36

PR FL
Normal round 2 3

holes

KIEAL

Oversize round 4 6 8

holes

R AL
Short-slotted
holes (on the

length) *

KARE AL *
Long-slotted
1.5d
holes (on the

length) *

X T REFL A R AL, TR 42 SCTRIRRSE S5 bR [ LRI S ) ELAR [RI BRAH ]
2 For bolts in slotted holes the nominal clearances across the width shall be the same as the
clearances on diameter

specified for normal round holes.
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O % T EAR 27 mm BEE KRR, FESAT TGRSR, IR A 3 mm JR/hE] 2 mm. °
For bolts of diameter 27 mm or greater, the clearance shall be reduced from 3 mm to 2 mm
when required by the

execution specification.

W # C2KHT AISC 360-16 FLjuFl CSA S16-19 #iG .
NOTE Table C.2 is based on AISC 360-16 and CSA S16-19.

R C3- gk AR (GEEERHRAD

Table C.3 - Nominal hole clearances for bolts (non - metric units)
RSFH#AL: in

Dimension in inches

Ries XER d
Nominal bolt 12 | 58 | 34 | 78 | 1 |1-1/8 | 1-/4 | 1-3/8 | 1-1/2

diameter d

PR FL
Normal round 1/16 1/8

holes

KIEFL
Oversize round 1/8 3/16 1/4 5/16

holes

RS2
Short-slotted
ort-siote 3/16 1/4 5/16 3/8
holes (on the

length)?

KA AL
L -slotted

ong-slotte 1.5d
holes (on the

length) ?

0T RESL A R, TERE B4 SR R RS bR [ LRE B BRI BRAHTR] . @ For bolts
in slotted holes, the nominal clearances across the width shall be the same as the clearances on
diameter

specified for normal round holes.

H # C3KHET AISC 360-16 FLjuFl CSA S16-19 #iG .
NOTE Table C.3 is based on AISC 360-16 and CSA S16-19.
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R C4 - 1R AR

Table C.4 - Nominal hole clearances for bolts
RFHAZ: mm

Dimensions in millimetres

Bie% ER J
Nominal bolt | MI2 | M14 | M16 | MI18 | M20 | M22 | M24

M27 to M36

M27 F1 M36
diameter d

T IR A
L
Normal round
holes with

pretensioned

bolts

15 FH R T s A
FE=SGHAED
Normal round Lo s
holes with non

pretensioned

bolts

2.5 G (AeT HAEFRMELERNERD .

2.5 for bridge structures (outside the scope of Japan Building Standard Law)

IR CARAT HARERbr L.
NOTE Table C.4 is based on Japan Building Standard Law.

R C.5- R4 LHRR
Table C.5 - Nominal hole clearances for bolts
RFHAZ: mm

Dimensions in millimetres

RIS A B A [e] B

Bolt accuracy class and application conditions Clearance

A R LIRS

bolts of accuracy class A

AT RN I R e Az il i ) B
PR LR
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bolts of accuracy class B in the construction of poles for
overhead power lines, open switchgear and contact

networks of transport

HoA 5

other cases

1,2,8 32
1,2, or 3?

CFLI A SCEAR N FLiR R ) 44 LEARK 2-3 mm.,

? nominal hole diameter should be 2-3 mm larger than the nominal diameter of the bolt

E R C5KHT SP53-101-98 brik.
NOTE Table C.5 is based on SP 53-101-98.
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fEx D
Annex D

G R
(normative)

IR BT DR R
Bolted friction surface slip factors
bt D SRt 1R TR TR AR B BRI T A R . W 6.4,
Annex D provides slip factors that may be used for friction surfaces in slip-resistant

joints. See 6.4.

KD FIH T 3 DM FE SR bR S SO, AP s o scA 51 A B (8 ISO AR
Table D.1 shows the regional and national standards and documents. There are no

corresponding ISO standards referenced in this annex.

I 2R D1 BN B IAE B FR AN SO A 2 18] A A 15 AR 55 ] 1
NOTE The contents of Table D.1 do not establish any technical equivalence between

the standards and documents listed.
R D1 - HTFEERTERIIEERL

Table D.1 - Slip factors that may be used for friction surfaces

%% (BER
_ #E)
8 B AR A BE R T HEB R
. L. Class (for .
Designated standard and friction surface Slip factor
designated
standard)
EN 1090-2:2018 i
EN 1090-2:2018
R ALERIRY ,  BREIAEEIL, Tyt
Surfaces blasted with shot or grit with loose rust A 0.50°
removed, not pitted
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RIMPRYEEE, FFE 1SO 1461 brifk, FFHEATINNE
GEHD WD ° R VERERR B IR R, & RN

60 um °©

Surfaces hot dip galvanized to ISO 1461 and flash

(sweep) blasted ® and with alkali-zinc silicate paint

with a nominal thickness of 60 60 pm ©

0.40*°

R T AL BRI -

Surfaces blasted with shot or grit:

a) WA % XA 60 um © FIBRIERERREE ik

a) coated with alkali-zinc silicate paint with a nominal
thickness of 60 um®;

b) AWIIREEEE I A&, 4 R AT
80 um

b) thermally sprayed with aluminium or zinc or a
combination of both to a nominal thickness not

exceeding80 pm °.

0.40*°

RIMPZYERE, FF4 1SO 1461 bk, FRREATINE
WD (ERIRISE B TR P
Surfaces hot dip galvanized to ISO 1461 and flash

(sweep) blasted (or equivalent abrasion method) ®

035*

R AN 22 B K JETE Ve, RS e s RS
Surfaces cleaned by wire-brushing or flame cleaning,

with loose rust removed

0.30*°

LA A1

Surfaces as-rolled

0.20*°

AISC 360-16, AISC 348-20 i3tz
AISC 360-16, AISC 348-20

RIS PR IR T AN R T

Unpainted blast-cleaned steel surfaces

MO B RN R A B SR

Surfaces with Class B coatings on blast-cleaned steel

0.50

ARG AT T F LA R T

Unpainted clean mill scale steel surfaces

MO B RANA R I A HR)Z

Surfaces with Class A coatings on blast-cleaned steel

0.30
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PORPEERRIA, R T AN ZZ
Hot-dipped galvanized surfaces, with or without hand

wire brushing

CSA S16-19 #i7
CSA S16-19

RIS PR IR T AN R T

Unpainted blast-cleaned steel surfaces

WERHIEELL O M K B HIRE "
Surfaces with Class B coatings on blast-cleaned steel
St 1]
0.45
Metallized surfaces
PR
0.30
Hot-dip galvanized surfaces
AR PR 1 L AN R T
Unpainted clean mill scale steel surfaces
WIFER AN R A A S0R)Z "
Surfaces with Class A coatings on blast-cleaned steel
JASS 6:2018 FrifE
JASS 6:2018
A 1o oAk A 2 ik S T L A ) L A B 3R AT A
PRI, PREF S, DUE A A A RS
Surfaces treated by removing mill scale from the entire 0.45
extent of the contact interface, kept open to the air so
that red rust is spontaneously generated.
WYKL B WY RD R, M BE BEAE AN T 50 pm
R,Surfaces shot or grit blasted, with roughness values 0.45
of not less than50 um R,
PR VPR T AL DB o R A i, SR TR AN
/NF 50 um R,
Hot-dip galvanized surfaces lightly blasted after 0.40
galvanizing, with the surface roughness not less than
50 um R,
JGJ 82-2011 b
JGJ 82-2011
AR WAL BERD 0.45
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Surface with shot or grit blasted

R TR FF TR o AR B R L R 7
Surface with grit blasted and spray-metalized with an

aluminium or zinc-based product

0.45

RN 221 WD AL R IR F R R RL
Surface with grit blasted and coated with zinc-based

paint

0.40

T R T BT R

Clean surface or rust cleaned with brush

0.30

AS 4100:2020, NZS 3404 Part 1:1997 tr7E
AS 4100:2020, NZS 3404 Part 1:1997

TR AL

Clean as-rolled surfaces

0.35

GOST SP 16.13330.2017 X &
GOST SP 16.13330.2017

LR E TR AL B R T (PRI R RD
Surfaces treated by shot blasting or grit blasting (two

surfaces without conservation)

0.58

Zeid KGR E PR (PRI ARTRAF)

Flame treated surfaces (two surfaces without

conservation)

0.42

FIANRIAC B (R (PSR T AR PRAF)

Surfaces treated with steel brushes (two surfaces

without preservation)

0.35

R AP

Surfaces without treatment

0.25

IR RAUE L RE T L I WA E R B Bk

? The potential loss of preloading force from its initial value is considered in these slip factor

values.

°BRARREIE A HAl R S5 BB T2 Re 00, SNBGRERER I AIADE GRS B ik
& EN 1577 3 GRS KRR A AEAT . AURIEFRRTIAIINDG G Wb B [
EN 15773 BEME FIRE P A2 AFRE T . DG GRS WiRbJE, TGPk i i BLRMIR

HUBERE R SR SR BR

® Unless alternative equivalent abrasion process capability can be demonstrated, flash (sweep)

blasting of hot dip
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galvanized surfaces shall be carried out according to the procedures and conditions set out in EN
15773. After flash

(sweep) blasting the appearance of a matt surface indicates that a soft surface layer of un-alloyed
zinc has been

removed.

¢ JEFERIAE 40 pm £ 80 pm JEFE A .

¢ Dry thickness to be within 40 pm to 80 um range.
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% E
Annex E

(T PR )
(normative)
% X B/NRES

minimum bolt pretension
Bt BSR4t 1R IR AP RSk A4 S N T I 7.4.3.
Annex E provides nominal minimum pretensions that may be used for pretensioned and
slip-resistant joints. See 7.4.3.
#* E.1 RHT EN 1090-2:2018 #yi. JASS 6:2018 #rifk. AISC 360-16 it
CSAS16-19 #ii. AS/NZ 5131:2016 #5#E 71 STO NOSTROY 2.10.76-2012 # i,
WAL RER o
Table E.1 is based on EN 1090-2:2018, JASS 6:2018, AISC 360-16, CSA S16-19,
AS/NZS 5131:2016, and STO NOSTROY 2.10.76-2012, as indicated in the NOTE to
each table.
#* E2KHT AISC 360-16 HLiEF1 CSA S16-19 #ii.
Table E.2 is based on AISC 360-16 and CSA S16-19.
& E.3 {Hi DASt-Richtlinie 024 #5#ff, USO8 M12 2 M36 HIREUE A B[
Stahlbau-Verlagsgesellschaft MbH #x#E
Table E.3 is based on DASt-Richtlinie 024, Tightening screwed connections of
dimensions M12 to M36, Stahlbau-Verlagsgesellschaft MbH.
£ R E.1 2 E3 AR IFAE PSR HERI SOIE 2 18] AR AT SRS R
NOTE  The contents of Tables E.1 through E.3 do not establish any technical
equivalence between the standards and documents listed.

R E.1 - AR Z LB/NE ST (kN)-A iRk

Table E.1 — Nominal minimum pretension (kN) — metric bolts
S MEREA mm

Designation/Bolt diameter

&R R
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P25
Applicable
standard/
Property

class

M12

M16

M20

M22

M24

M27

M30

M36

8.8

47

88

137

170

198

257

314

458

10.9

59

110

172

212

247

321

393

572

JISB 1186
F10T

62,6

117

182

226

262

341

417

ASTM
F3125
grade

A325M

91

142

176

205

267

326

475

ASTM
F3125
grade

A490M

114

179

221

257

334

408

595

AS/NZS
1252.1
Grade 8.8

95

145

210

335

490

AS/NZS
1252
A
Grade 10.9

130

205

295

465

680

STO
NOSTRO
Y 2.10.76
Grade 8.8

49

91

142

STO
NOSTRO
Y 2.10.76
Grade 10.9

118

184

229

266

346

426

NOTE

NOTE

5131:2020, and STO NOSTROY 2.10.76-2012.

FRBUE K EH T EN 1090-2:2018 #id, JASS 6:2018 #r#E, AISC 360-16 #ia,
CSAS16-19 #iji, AS/NZS 5131:2020 #5ifE 5 STO NOSTROY 2.10.76-2012 KRy .
Based on EN 1090-2:2018, JASS 6:2018, AISC 360-16, CSA S16-19, AS/NZS
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R E.2 - £ XB/NHAL T (kN) - JEAH R

Table E.2 — Nominal minimum pretension (kN) — non-metric bolts

&R RE SR BRERA
Applicable standard/ Inch
Property class Bolt diameter
172 | 5/8 | 34 | 718 | 1 1-1/8 | 1-1/4 | 1-3/8 | 1-12
ASTM F3125
L2 A325
Al
54 | 85 | 125 | 173 | 227 | 285 361 432 523
F1852
ASTM F3125 grades
A325 and F1852
ASTM F3125
54 A490
Al
67 | 107 | 156 | 218 | 285 | 356 454 538 658
F2280
ASTM F3125 grades
A490 and F2280
H IR EUE R H T AISC 360-16 HLIGAI CSA S16-19 FliG
NOTE Based on AISC 360-16 and CSA S16-19
R E3-ZXWET Foc' (kN) - AR
Table E.3 — Nominal pretension F, c* (kN) — metric bolts
B ZFRREER mm
Property Designation/Bolt diameter
class M12 M16 M20 M22 M24 M27 M30 M36
10.9 50 100 160 190 220 290 350 510

7E MR DASt-Richtlinie 024 #riE, R4 M12 & M36 [HIRSUER K, Stahlbau-

Verlagsgesellschaft MbH #57 .

NOTE Based on DASt-Richtlinie 024, Tightening screwed connections ofdimensions M12 to

M36, Stahlbau- EVerlagsgesellschaft MbH.
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Bz F
Annex F

(T PR )
(normative)
IRIREC BRE0 H Ao T 2 ) 1) s A
Threads in grip, thread protrusion, and use of taper washers
FYs FALE 1 IHRIRS, IRE0™N HOME T 2 el O A 225K . WL 7.2.6.375. 7.2.6.4
T 7.2.85 75,
Annex F provides requirements for threads in grip, thread protrusion, and use of taper
washers. See 7.2.6.3, 7.2.6.4 and 7.2.8.5.
®FE1E FS5 5 1 DO E SR E R SO 2K AR AR SR A 1 BRIA
Tables F.1 through F.5 show the requirements of regional and national standards and
documents. A default requirement is provided in each table.
H 1 R FELZEES B NEIFRIE P IR HERT SO 22 18] A TSR SE [F)
NOTE 1 The contents of Tables F.1 through F.5 do not establish any technical
equivalence between the standards and documents listed.
W2 XFRSZ R AR, R TR IR SR R PR R IR SUR A AR
BEAR T 2R PR P REAE o
NOTE 2 For bolts under tensile loading, the likelihood of thread failure, instead of bolt
fracture, can be reduced by increasing the number of threads in the grip.
R F.1 - PURBREE IR A B8/ MRE

Table F.1 — Minimum threads in the grip for pretensioned bolts

2| SEE SR 2 MRS, BRAFATIE T 5 A 9

Unless otherwise specified 2 threads unless otherwise stated in the execution specification
AS/NZS 5131:2016 #x #E | —PMRSUIN_EERE 5 RIRS0kS) &

AS/NZS 5131:2016 One thread plus the thread runout after snug tightening

NZS 3404, Part 1:1997 #riff | (i) BREEKEEAE 4 A EARLN CF 4 (EA0EARD WMo 54
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NZS 3404, Part 1:1997

HREL
(1) Five threads for a bolt length up to and including 4 diameters
(i) Wk K 4 R A EAEE 8 (5 EERN N 74
HREL

(i1) Seven threads for a bolt length over 4 diameters but not

exceeding 8 diameters
(iii) BRAE KRBT 8 A ELARIN Y 10 MIREL

(iii) Ten threads for a bolt length over 8 diameters

EN 1090-2:2018 ¥i3t
EN 1090-2:2018

EN 14399-3 My, EN 14399-7 MVE Al EN 14399-10 it
WEREE K I T 5 A R O MR ST 70 Z R /D AR B 4 A e IR
U (BRIGSUEEBNAM) .

EN 14399-3, EN 14399-7 and EN 14399-10, at least four full
threads (in addition to the thread run out) shall remain clear

between the bearing surface of the nut and the unthreaded part
of the shank

EN 14399-4 FUE A1 EN 14399-8 Jt, WRR 7K % [ 5K A&
WAL oy 2 [ B /D RAREE 2 AN se B g (HR or bk 3 [k
) o EN 14399-4 and EN 14399-8, at least two full threads

(in addition to the thread run out) shall remain clear between the

bearing surface of the nut and the unthreaded part of the shank

JASS 6:2018 FrifE AU, BR KB NAE PAT HLE A E

JASS 6:2018 Not stated, bolt length shall be specified in the execution
specification

JJARA Hrif AU

ARA None stated

AISC 360-16 }it AU

AISC 360-16 None stated

AASHTO 2017 #i HEFE = IRAL

AASHTO 2017 None stated

CSA S16-19 ¥ AU

CSA S16-19 None stated
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R F.2 - TRBRR K R/MREUY HE

Table F.2 — Minimum thread protrusion for pretensioned bolts

BRAR S AT 1 ]

Unless otherwise specified

LAMZESuNH, BRAEAT e A
1 thread protrusion, unless otherwise stated in the execution

specification

AASHTO 2017 {75
AS/NZS 5131:2016

B A 1 /MRS

1 thread protrusion after snug tightening

NZS 3404, Part 1 FrifE
NZS 3404, Part 1

B A 1 /MRS

1 thread protrusion after snug tightening

EN 1090-2:2018 #i3t 1 MZSUREE (p) 1™ HY

EN 1090-2:2018 1 thread pitch (p) protrusion
JASS 6:2018 FrifE 1 R4

JASS 6:2018 1 thread

JARA FrifE it i i

JARA No protrusion required

AISC 360-16 #1305

WER A 5 R i T 1~ 5 5™ ) R i T 22 A

AISC 360-16 Bolt end flush with or protruding beyond face of nut
CSA S16-19 #iE WER A i 5 MR R T 51 B HH R R 1T 2 b
CSA S16-19 Bolt end flush with or protruding beyond face of nut

R F3 - EPRBRAERR F FH/MREE

Table F.3 — Minimum threads in the grip for non-pretensioned bolts

BRAR S AT 1]

Unless otherwise specified

1AMRSL BRARAT R 55 A U ]

1 thread unless otherwise stated in the execution specification

AS/NZS 5131:2016 #r
AS/NZS 5131:2016

KR REE, WRABE T 5 A — AN T S S0k sh sk 1
one clear thread run out shall be clear beneath the nut after

tightening

NZS 3404, Part 1:1997 brifE
NZS 3404, Part 1:1997

KEMARE S, WEERE T 7 W A0E — B B RS0k )
one clear thread run out shall be clear beneath the nut after

tightening

EN 1090-2:2018 ¥i3t
EN 1090-2:2018

K G, WREET 5T — s RSk s .

one clear thread run out shall be clear beneath the nut

JASS 6:2018 hrift
JASS 6:2018

ARUEHT, IR R AE ST MV e B
Not stated, bolt length shall be specified in the execution

specification
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AISC 360-16 #1305

AU

AISC 360-16 None stated
AASHTO:2017 ¥yt HEFF = /MR
AASHTO:2017 three threads recommended
CSA S16-19 ¥ AU

CSA S16-19 None stated

R F4 - ERERRKRMIHE

Table F.4 — Minimum protrusion for non-pretensioned bolts

BRAR ST 1 ]

Unless otherwise specified

LMZESUN, BRIEPATIRYE T A RUE
1 thread protrusion, unless otherwise stated in the execution

specification

AS/NZS 5131:2016 #r
AS/NZS 5131:2016

K G, W LN A — 2k TH M A RA

at least one clear thread shall show above the nut after tightening

NZS 3404, Part 1:1997 bxife
NZS 3404, Part 1:1997

K G, WREF 7N A 2k TH M R RA

at least one clear thread shall show above the nut after tightening

EN 1090-2:2018 ¥i3t
EN 1090-2:2018

1 MZESUREE (p) ™
1 thread pitch (p) protrusion

JASS 6:2018 hrift
JASS 6:2018

3MEGUN Y, BRAEBAT G A E
3 threads stickout, unless otherwise stated in the execution

specification

AISC 360-16 #1305

WA i 5 R i T 51 5™ ) R i T 22 A

AISC 360-16
— Bolt end flush with or protruding beyond face of nut
AASHTO:2017 ¥
AASHTO:2017
CSA S16-19 #iE . . ‘ e
WAL Sty 5 R R i TR -~ BT HE R B g 1T 2 47b
CSA S16-19
— Bolt end flush with or protruding beyond face of nut
CSA S6-19 #it
CSA S6-19
R FS5 - S A
Table F.5 — Taper washer use
B 1:20 i, FREGERHEEEE, ARheE R
2| SEE SR FEAET A8

Unless otherwise specified

Suitable tapered washer required when slope exceeds 1:20, non-

rotating part placed against tapered washer
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AS/NZS 5131:2016 FrifE

AS/NZS 5131:2016

LT 1:20 I, FESERHEERE, JENEH 5
HETE 2B T B
Suitable tapered washer required when slope exceeds 1:20, non-

rotating part placed against tapered washer

EN 1090-2:2018 ¥i3t
EN 1090-2:2018

1/20 (3°) ¥ d <20 mm g
1/20 (3°) for bolts with d <20 mm
1/30 (2°) FI-F d > 20 mm FFJigFe
1/30 (2°) for bolts with d > 20 mm

Japan FiifE

Japan

LT 1:20 I, FTESERHEERE, JENeR A
TEHETZELE |
Suitable tapered washer required when slope exceeds 1:20, non-

rotating part placed against tapered washer

AISC360-16 #iG

ASTM F3125, Frfa%5d, MyEHE 5% (1:20, 29 3°)

AISC 360-16 I, A 1:20 HER A

AASHTO:2017 #iia ASTM F3125, all Grades, use 1:20 tapered washer for bolts when
AASHTO:2017 slope exceeds 5% (1:20, approx. 3°)

CSA S16-19 #li ASTM F3125 % 2% A325. A325. F1852, iRk /& it it
CSA S16-19 5%, WIMER] 1:20 HEFRERE (1:20, £93°) .

CSA S6-19 #ij
CSA S6-19

ASTM F3125 Grades A325, A325, F1852, use 1:20 tapered
washer if slope exceeds 5% (1:20, approx. 3°)
ASTM F3125 Z5:2% A490. A490M. F2280, i i 42 el LA

[[WEgEROE) i
ASTM F3125 Grades A490, A490M, F2280, use tapered washer

to match any slope
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% G
Annex G

(T PR )
(normative)
TR Bl 4 9 22 2 B B 36
Pre-installation verification testing for pretensioned bolting assemblies

APt 17— Malie ik, TR AR AT S IR RAR E R A 2 R A 2 B AT
HER.
This annex provides a test method to verify, prior to installation, that the bolting
assemblies and installation procedures will perform as required.
T MR RTIIE IR VAR B T AISC 348-20 AL
NOTE This pre-installation verification testing method is based up AISC 348-20.
BRI H 2
The purpose of the testing is to:
- TN IR R R (RN 25 E & TR 220
— confirm the suitability of the complete bolting assembly, including lubrication, for
pretensioned installation; and
- WA BT FH T8 D7 V2 R R P AR A 22 2 N B3 LE A
— confirm the procedure and proper use by the bolting crew of the pretensioning
method to be used.
FE it I T 55 T3 AU B T i e S MEAR N, DA ZRUf R AR TS D B A
A bolt tension measurement device shall be used where bolts are to be installed in
pretensioned joints and slip-resistant joints.
WA T X 0 R A A P 00 I DR AR — I
The accuracy of a bolt tension measurement device shall be confirmed through
calibration at least annually.
FEZHEDYy, ARG TR N E B P A D> = B AR 78 IR

A, XA ER. K FHMARA SN & TREZOR, PURIE
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TR TP E TR g 2 /0 EeBt 5% E tPplE TR 1K 5%

A representative sample of not fewer than three complete bolting assemblies of each
combination of diameter, length, grade and lot to be used in the work shall be checked
at the site of installation in a bolt tension measurement device to verify that the
pretensioning method develops a pretension that is at least 5% greater than that
specified in Annex E. Washers shall be used in the pre-installation verification
assemblies as required in the work.

I RAE IR R A A SEPR VR /N T E MIRUE, N AR o A A i A
LRI 2 H 2 IR R R o ARG BRI HR s A A BUR B IE, SR
Xt SRR R B BEAT IR TR A B G,  (E A AL R AR B S AU [
ERRAEE . vk, HEIRRE B HER TERY, AN VFEFEN, 5.2.1580
SE I TEDLER S

If the actual pretension developed in any of the bolting assemblies is less than that
specified in Annex E, the cause(s) shall be determined and resolved before the bolting
assemblies are used in the work. Cleaning, lubrication and retesting of the bolting
assemblies is permitted when the direct tension indicator method or the turn-of nut-
method is used, provided that all assemblies are treated in the same manner.
Relubrication is not permitted when the torque method, combined method, twist-off

bolt method, or calibrated wrench method is used, except as prescribed in 5.2.15.
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fx H

Annex H

CHR ¥ 14 Bt %D
(normative)

EN 14399 R 3R R I %M T RAERK

Calibration test for the EN 14399 series pretensioned bolts under site conditions
H.1 &0
H.1 General
ARIFRE T — ke, B A AT T RHE T TR SRR ERR I e o R iR A
eI
This annex specifies a test intended to represent site conditions to calibrate high-
strength bolting assemblies for pretensioned bolted connections.

IGH H R0 e L ERZSH, DI IRIET EN 14399 R 5IIRHEIZE R 5L E 1 T
B ITE A SR ARG P w5 R R TR
The purpose of the test is to determine the necessary parameters to ensure that the
minimum required pretension is reliably obtained by the pretensioning methods
specified for the EN 14399 series bolting assemblies.
7E EN 14399-3. EN 14399-4. EN 14399-7 & EN 14399-8 W #2451 v 4 FH 411
PR IER, BRARESATIE S fvE, B MASAE a5 .
This test is not to be used when the torque pretensioning method is used for EN 14399-
3, EN 14399-4, EN 14399-7, or EN 14399-8 bolting assemblies, unless permitted in the
execution specification.
AARIK H AR T4 B BN 14399-1 FrvfE 7 B MR A2 % Bl (M e
The purpose of this test is not to upgrade the properties of a bolting assembly declared
in accordance with EN 14399-1.
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H.2 fF5 M spr

H.2 Symbols and units

WA H.L.
See Table H.1.
R H1-FF5 M EAL
Table H.1 — Symbols and units
s 5E X LA
Symbol Definition Units
As WA 44 SN THIAR mm*
nominal stress area of the bolt
M BV HE (eM=(Minax-Muwin)/ M) -
allowable ratio (em= (Mmax — Mmin)/Mm)
Fy SCIRHH E IR KE 2 ) kN
bolt force determined during the test
Fin iNRT Fo IRIAE Fo H-FME kN
mean value of the i number Fy test values for Fy,
Frc BRI T 0.7fwAs kN
required pretension of 0,7 fup As
Jub A SRR L (Ra) MPa
nominal bolt strength (Rm)
M; 5 Fpc MRKRA A Nm
individual value of the torque related to Fpc,
M i MERITEE Nm
mean value of the i number M; values
Minax i MER R KE Nm
maximum value of the i number M; values
Miin i MERERME Nm
mean value of the i number M; values
M gest HHES M Nm
torque reference value
sM P MBI TG bR 22 kN
estimated standard deviation of the i number M; values
Vit i MBI 5+ 28 -
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Vr

Hp[

61

ABy;

ABy;

AgZ,min

coefficient of variation of the i number M; values Vr
1A F fH AR 7 R 3L
coefficient of variation of the i number Fy; values
WEFEZ 1 UGE R Fp.c N BB BEAE Gu
individual value of the angle 6, which the bolt force has first
reached the value of F,c
WEAE 2 ) UOE B KA Fo i max N B HAN 1 EAE Ot
individual value of the angle 6. which the bolt force has reached its

maximum value Fy;max
2045 LRI R B 1 A Gae
individual value of the angle 0 . which the test is stopped
BN EEAR DR (615-6p.)
the individual angle difference (01 - 65;)
BN AR DR (02,-6p.)
the individual angle difference (02, - 65;)
FH G b SR A7 22 A0, B /IME
the minimum required value of the angle difference A0»; as

specified in the relevant product standard

a UL 1SO 898-1
a see ISO 898-1

H.3 W56 R
H.3 Principle of the test
06 w5 A AR K [ TR R DL 24

The test has the possibility to measure the following parameters during tightening:

S ER IR

— the bolt force;
AR, (AR TR E);

— the torque, if required;
-BRBEAEAR A 3% 41, (ISR 77 22).

— the relative rotation between the nut and the bolt, if required.
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H4 R E

H.4 Test apparatus

W 7 e L n] LU EN 14399-2 brife, B i UG R U 3
Bl AR i, R EX L B IR AT S HL.8 WHIRUE B AT g 7y
A E IR A D IEHE IR (BR8] 3 e ) U AR ) o
The bolt force measuring device may be in accordance with EN 14399-2, or a
mechanical or hydraulic device such as a load cell, provided the accuracy of the bolt
force-measuring device meets the requirements given in H.8. The bolt force measuring
device shall be calibrated at least once per year (or more frequently if recommended by

the equipment manufacturer) by a recognized testing authority.

P18 AR 4R T N 5 B 6 IR AR . BTN B A IS AR VE
A TR ECEBN R T, AR TR IR RIRSEEESROY: {4 %,
HAEEN£10% UEBLIMTE) o HFRT N 2 DERFERHE IR (BURYE i
e HA) S ST RS HE )

Torque wrenches to be used for the test shall be one of those to be used on site. They
shall offer suitable operating range. Hand or power wrenches may be used, with
exception of impact wrenches. The accuracy requirements for the wrenches is = 4 %
for the torque method or + 10 % for the combined method as appropriate. The torque
wrench shall be calibrated at least once per year (or more frequently if recommended
by the manufacturer).

H.5 A A A

H.S Test assemblies

2B BT VE R B AR A 3R AT PRS0 o G 2 PF P e 33 B 1 1 O
FH RT3 T R 2% AR ABL

Separate tests shall be carried out on representative samples from each lot of bolting
assemblies concerned. Test assemblies shall be chosen so that all relevant aspects of

their conditions are similar.
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T T SR 1 R 2 B AR LI OB A B 25 N BRI T A T8, I i %
A BRI, R A R T PR RE Il e R A AR AL

NOTE The site conditions of bolting assemblies, in particular the performance of the
lubrication, can vary if they are left exposed to extreme environmental conditions on

site or if they are stored for a long period of time.

BAARMERIEARIE R B N A MR At s T84 . IRepmEE . i1
I A A EE I T A e kg s gt

Representative bolting assemblies shall consist of a number of bolts, nuts and washers
of each inspection lot. The assemblies used for tests shall not be re-used for
supplementary tests or in the structure.

H.6 RE i E

H.6 Test set-up

IR E (LA H.D AT RELAE & HC il & 5% 75 2]

The test set-up (see Figure H.1) may include shims needed to suit the measuring device.
TG AR AR B ) 7 BT DA K

The test assemblies and shims shall be positioned such that:

- LA RORE RS SE B 1 AR AL

— the composition of the assembly is similar to the utilization in practice;

~FEMEAE S U5 TR — AR A BB R

— a chamfered washer or a chamfered shim is placed under the bolt head;

- IR RHE K A TR A e B, NAESREE T R A

— a washer is placed under the nut when the nut will be turned during tightening;

B B P R P L PAY Y ) K PR i A A 7 b b v i STV R BRIV

— the clamp length including the shims and washer(s) is the minimum allowed in the

relevant product standard.
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1

2\.-. T 1

== —

|
4—1 H ‘; o

sl

P T

5

U 1
a REKELY 4 IR TR I
a clamp length Xt 4 bolt tension measuring device
- 5 AR E] A 2 Bl B 2y
| - 5 chamfered washer of the assembly or chamfered
nut
shim

2 AR MR, MUREHE AN, BREET R
Il 6 1Rk
2 washer under the nut when nut turned during6 bolt head
tightening
3HH
3 shim(s)

Bl H.1 FUE 7730 B 3% 1 S B 2 R
Figure H.1 — Typical assembly of the tension-measuring device
H.7 REP R
H.7 Test procedure
BRI P AE SR A6 = B A B B & S AR R AT . BRIV S B T By
VAR
Tests may be carried out either in a laboratory or elsewhere under suitable conditions.

The method used for tightening shall be the same as that to be used on the site.

\|

T EFEECIELLT, B G R A A R R R ST A I A AR AL B R
PRI RESE T .
NOTE In certain cases it can be more convenient to have the product manufacturer

check whether bolting assemblies still meet the declared as-delivered properties.
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R FE o> DA . AN BREAE g, b EEIN I8 LI i A A NS A, DA
fE AR PR o HL.8 X e 45 RAEAT PPAl

Sufficient measurements shall be taken of the torque, the corresponding bolt tension
and, if required, the corresponding rotation of the turned part so as to permit the

evaluation of the test results in accordance with H.8.

fEge R, e B AR S A AT T AR A FE B

Neither the fixed part nor the washer under the turned part shall rotate during the test.
RAER) H B IE K SRR ) Fo MRRUHHARE Ms, PR L SRR H AR TR
Fpc=0.7 fu As ¥ EEBIAR KR o

The basis of calibration is to record the torque values Mi associated with the bolt forces
Fb,i and to relate those values to target pretension in the bolt as a proportion of Fp,C =
0,7 fub As.

AR, 2R DL MR — AR, e AR 2k

For the torque method, the test shall be terminated when any one of the following
conditions is satisfied:

- R GBI 1.1 Fycs

— the bolt force exceeds 1,1 Fp,C;

- WRRERE A I (051 + AG1) F/ER (Bp,i+ ABomin) (MITFED

— the angle of nut rotation exceeds (6pi + AB1) and/or (Op,i + AB2,min), if required,

- IR W R RN

— bolt failure by fracture occurs.

H.8 R 45 Ry

H.8 Evaluation of test results

HE TRV B KRR S 138 H.2, o il & A Mi gl i —
HAF AR R T BRI 0.75 Fp,C AERHA E K .

The criteria for allowable maximum torque values for the combined method are given

in Table H.2 where the measured torque values Mi are determined by preloading in one
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set of bolt assemblies to the exact value of 0,75 Fpc.

R H2-HETTTER eM KR KE
Table H.2 — Maximum values for eM for the combined method

I H =

3 4 5 6

Number of tests
eM — (Mmax -
0.25 0.3 0.35 0.4

Mnin)/Mm

FHAEZ B S0 SR v S 3 5 )\ AN B R AR Mo SRR IR — 41\ AN iR
PRSI TUINECZE 1.10 Fyc FISRHEHE .
The acceptance criteria for the torque method shall be based on eight measured torque
values Mg determined by preloading in one set of eight bolting assemblies to the exact
value of 1,10 Fpc.
M jest = (Mumax.+ Mumin )2 (H.1)
FHEDR:
with the requirement that

(Mmax.- Mmin.) < 0,20 M test (H.2)
R B, WAL A AL AT AG FYSEIPREN. S EN 14399 R 3R FL L
W O 2 R I FH DG 4 R A — 2. If required to be checked, the acceptance
criteria for the rotations AB; and A, shall be those in the relevant part of EN 14399 for

the bolting assemblies in the assembly lot.

VE 1: ¥ A0 FT AG, I EN 14399-2:2015 1 [ 2 fiR

NOTE 1 The rotations A8 and A6, are shown in Figure 2 of EN 14399-2:2015.
AR RS, W L B R A PR R R S (BVEE Sy 4601 KRR F7). SRR
P I NEETBUR T 0.9fw Ass FoH fon A1 A HLA XH

If the rotations are checked, then the maximum tension in the bolt shall be measured
(i.e. that force corresponding to the rotation Aé). The requirement is that the maximum

tension shall be equal to or greater than 0,9 fu, As with fub and A based on nominal
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values.
BT RR R VR (HRC V) 30 SOhR e N 2 TR AR T m I F 3 a3 A T
Ji
The acceptance criteria for the spline-drive twist-off bolt method (HRC method) shall
be based on the pretension from eight bolts after the fracture of the spline-ends.
B AL LR K
The following requirements apply:
- PAMERERZ T Fo> Focs
— individual value of Fy, > Fj, c;
- PRI ) Fu> 1.1 Fyc;
— mean value Fin > 1,1 Fpc;
- Fo.i 2253 350 VF<0.06
— coefficient of variation of F1; VF < 0,06.
EARKAR7R Ay (DTD iER I SObr i B TFaon & MR AR T NI I8 2 EN
14399-9 H7E (A I 5% )\ AR T 245 21
The acceptance criteria for the direct tension indicator (DTI) method shall be based on
measuring the pretension on eight bolts when the deformations of the indicator
protrusions have just reached the values given in EN 14399-9.
JNASRAF R BEAR 32 77 06 50356 2 DA T B3R
The following requirement applies for all eight sample values of Fy.:
Foc <Fi <12 F,c
2 FocMMAENRE.L.
NOTE 2 Values for Fj,c are given in Table E.1.
H.9 R R 5
H.9 Test report
BRIGHAR N ELE PN SR A (5 R
The following minimum information shall be included in the test report:
- 15 H
— date of testing;
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- BR R TR R R R B R R AR R R IR AR 1R T

— identification number of the bolting assembly lot or the extended bolting assembly
lot;

- B AL B

— number of assemblies tested;

- BRI AL TR

— designation of the bolting assemblies;

- BRAE L ARREAER ] AR

— marking of bolts, nuts and washers;

- R IR BER TGS FEAE TR s WRAR IS, U B DR I 37 2 B i o 24 T i i )
g

— coating or surface finish and lubrication condition; if relevant, description of
alterations to the surfaces due to site exposure;

- IR K

— test clamp length;

- P IE  J AT R AR 16 2 BRI O R4

— details of the test set-up and devices used to measure tension and torque;

- A RPAT IR U] (ORI SR AR, WnFe SRk A

— remarks concerning the execution of tests (including special testing conditions and
procedures such as turning the head of the bolt);

- FRFFE A B 0 P il 5

— tests results in accordance with this annex;

- SR R S PR MR A S e T R

— specifications for the pretensioning of the bolting assemblies related to the
inspection lot tested;

- FHFEIRT AR HEI 77 %5 B AR HEIE S

G T B AN G388 IR B H .

— calibration certificates for torque wrenches and calibrated force measuring devices.

The test report shall be signed and dated.
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P 1

Annex I

GRYEPEFF )
(normative)
TR IR BB -H R
Pretensioning bolting assemblies — Torque method

L1 &0

1.1 General

B TER A 1 AR TR I RS, AT AT N PR R T R 4%

Z W 7.4.7.

Annex I provides pretensioning procedures based on the torque method that may be

used for pretensioned and slip-resistant joints. See 7.4.7.

- {1 7% 1 45T EN 1090-2:2018.

— 1.3, Torque method 1 is based on EN 1090-2:2018.

- {7 2 £ T AISC 348-20.,

— 1.4, Torque method 2 is based on AISC 348-20.

- I3 77 1% 3 £ T DASt-Richtlinie 024:2018.

— L.5, Torque method 3 is based on DASt-Richtlinie 024:2018.

T L3. L4 FLS (N A FEAARGR I S bR AN SO 2 T8) AR A BoAR 55 [F)

NOTE The contents of 1.3, 1.4 and 1.5 do not establish any technical equivalence

between the standards and documents listed.

L2 HFERRREZR PR

1.2 Torque method bolting procedure

WA X AR T S T4 15 B -

The bolting procedure shall specify:

a) T B I AR, DA

a) torque values to be used; and

b Jud i 5 [ AL A P e TR S AR R SR K 2 8] 5% AR A ) A TR U s B
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Jiti o
b) measures necessary to control the variability in the relationship between the torque

necessary to tighten the assembly and the resulting clamping force achieved.
SERIR R R A N A8 T BTG 2 TRV AR T REAT TR . MR 1 5

—BRE AT stk T W P TR s sk T T
HHETTIE 2, WA AP S AR TR SR AT R AR, AR IR

The structural bolting assemblies shall be pretensioned using a torque wrench offering
a suitable operating range. Hand, power-operated, or impact wrenches may be used for
the first step of tightening for each bolt. Hand or power-operated wrenches may be used
for the second step. For torque method 2, adjustable impact wrenches set to provide the
required torque, then stall, may be used.

L3 HiI5E¥% 1

1.3 Torque method 1

SR P 75 A SR S P AR b N . A TR /D HE LU R AN P IR

The tightening torque shall be applied continuously and smoothly. Pretensioning by the
torque method comprises at least the two following steps:

Q) — NEBEE R WP RIAAE R B NL) 0.75Mris Mii = Mip Bl Mygesio 1E
TGRSR D20, AN — AN IEFE T T W5 S R — 1A

a) a first tightening step: the wrench shall be set to a torque value of about 0,75 M, with
M. = Myp or M. This first step shall be completed for all bolts in one connection
prior to commencement of the second step;

b) 2 AR ER: WFHHAAEN 1.10 Meis Mii = Mi2 B Mrgesto

b) a second tightening step: the wrench shall be set to a torque value of 1,10 M;; with
M:ij= M:2 or M fest.

1. HHEJE 15T EN1090-2: 2018

NOTE 1 Torque method 1 is based on EN 1090-2:2018.

2 W Mo fEHZREL 110, M4 T 11=0,06, k 2 K2 BF(1+1,65 7).

NOTE 2 The use of the 1,10 coefficient with M, is equivalent to (1 + 1,65 Vi) with
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V=0,06 for k-class K2.

T4 L/ NRE J) F WA S EAE My, 2 B R AR T — WA AR AR T 4R

BEH-E B E ) :

The torque reference values M:; to be used for a nominal minimum pretension F}, are

determined for each type of bolt and nut combination used by one of the following

options:

a) T WA T2 122 1 41 7 AR EN 14399 R AIAH G40 52 LIV k S5 AR A 411

ELIER

a) values based on k-class declared by the fastener manufacturer in accordance with the

relevant parts of the EN 14399 series:

Mr=kmd Fy, km N K2 55,

M,.> = kn d F, with k,, for k-class K2;

b)FL A Bt 5% H i HAE A

b) values determined according to Annex H:

Mygest=Mm , Mo 35 I T2 [ 075 KA 520 SR €

M test = My, with My, determined according to the procedure relevant to the

tightening method to be used.

L4 5 2

1.4 Torque method 2

7.4.6 FRLE 2B ATIZ AR LR RIAT, UM MR ER, KE. %

ANRB B 22T o ARG IR k R BRI 2% s S

T JAH R 87 A 2 € AR

The pre-installation verification procedures specified in 7.4.6 shall be performed daily

for the setting of the installation wrench for each bolt diameter, length, grade and lot.

k-factors or torque values determined from tables or from equations that claim to relate

torque to pretension without verification shall not be used.

E HLAE 7775 2 L AISC 348-20 ki .

NOTE Torque method 2 is based on AISC 348-20.

BERA A 1% 1) T 2 R A 96 I 2 o 1 v ) P AT MR BEOR A 5 2 R . ARt
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T B2 7 1 AL Sk e

The installation torque determined in the pre-installation verification of the bolting
assembly shall be applied to all nuts in the joint. The bolt head shall be prevented from
rotating during this operation.

L 22 BRI, WEAR FTIR B 2 TR] B AR 5% A AT A2 ML BER ML2 AR G R
5E o

Application of the installation torque shall produce a relative rotation between the bolt
and nut that is equal to than the rotation specified in Table M.1 or Table M.2, as
applicable.

L5 553 3

1.5 Torque method 3

HRHE EN 14399-4, Xt K1 FERAIEMERRIT IR, WEIIN Foer = 0.7 fin 45
Forfr foo UERRAT BRI A2 SO ARORIE A5 UEAE BT THIAR .

Pretensioning for bolting assemblies according to EN 14399-4 with k-class K1 to a
pretension level of Fycx = 0,7 fyb As, where fyb is the nominal yield strength of the bolt
material and A4s is the stress area of the bolt.

7 1 #4575 3 LA DASt Richtlinie 024:2018 Jyf&k 4 .

NOTE 1 Torque method 3 is based on DASt-Richtlinie 024:2018.

AR ] 2= DG LT AP BR:

Tightening by this torque method comprises at least the following steps:

a) B BER AL H) AT A e R, R B B DR s

a) tightening of all bolting assemblies of a joint to a snug tight condition;

b)REZESL AL B P A IR AR JEFE R B [ 240 0.75 Ma FITRE IR, AL Meres

b) tightening of all bolting assemblies of a joint to a pre-torque value of about 0,75 Ma,
not to exceed Mpre;

C)REIZEHE ) FIT AT R A T ) R [ B M T AR

c) tightening of all bolting assemblies of a joint to a torque value of Ma.
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R L1-HAEE 3 RS Fo o MEBHREE Ma

Table 1.1 — Pretensioning level F) c+ and tightening torque values My for torque

method 3
BeERE
. M12 M16 M20 M22 M24 M27 M30 M36
Bolt diameter
ﬂi%ﬁ Fp,C* kN
. ) 50 100 160 190 220 290 350 510
Pretension Fj, c- in kN
REHME Ma Nm
Tightening torque Ma | 100 | 250 | 450 650 800 | 1250 | 1650 | 2800
in Nm
%kﬁ%fﬂ%ﬁ MPre Nm
max. pre torque Mpr. in| 75 190 340 490 600 940 1240 | 2100
Nm
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Annex J

CRIE R =)
(normative)
TR R R -H A%

Pretensioning bolting assemblies — Combined method

J.1 B

J.1 General

BEAf T 3Rt TR THESINER IR DR, T WMEMGIERERE . 20
7.4.8,

Annex J provides pretensioning procedures based on the combined method that may be
used for pretensioned and slip-resistant joints. See 7.4.8.

- J2, G757 1 AT EN 1090-2:2018, ff A EN 14399-3:2015 1 EN 14399-
4:2015 BRAETE SR

— J.2, Combined method 1 is based on EN 1090-2:2018 using EN 14399-3:2015 and
EN 14399 4:2015 bolting assemblies;

- J3, AT 2T JASS 6:2018;

—J.3, Combined method 2 is based on JASS 6:2018;

- 14, WET5L 3 BT AISC 348-20, {1/l ASTM F3148 IEAZIERLFEIAT ASTM
F3125 5544 1) A325 il A490 1842

— J.4, Combined method 3 is based on AISC 348-20 using ASTM F3148 bolting
assemblies and ASTM F3125 grade A325 and A490 bolts.

FE: 124 1.3 M T4 BN FEAHE Bl SR HE AN S 2 18] BOAE T 55 AR S5 R
NOTE The contents of J.2, J.3, and J.4 do not establish any technical equivalence

between the standards and documents listed.
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J2AHETE

J.2 Combined method 1

FHX4F EN 14399-3 A1 EN 14399-4 iR E R R, A& 7B UR BAE A D IR:
Pretensioning by the combined method for EN 14399-3 and EN 14399-4 bolting

assemblies comprises two steps:

D AT EAE 2 TARE BRI T, IR T E R 0.75 My AR
'fﬁ MrlTU\XEMrb Mrlertesto fﬁﬁbkk JJ: ZHU’ —AﬁTﬁqjﬁﬁﬁi%
R SE R — D Uk

1) Using a torque wrench offering a suitable operating range, the wrench shall be set to
a torque value of about 0,75 M.; with M.; = M;> or My or M. This first step shall be

completed for all bolts in one connection prior to commencement of the second step;

2) XHAAF e BRI E e M. AESR PR, ML Sl T
BRI BN TR RS AL B, DMEAE S oD R i s R AR TR
LU A

2) A specified part turn is applied to the turned part of the assembly. The position of the

nut relative to the bolt threads shall be marked after the first step, using a marking
crayon or marking paint, so that the final rotation of the nut relative to the thread in this
second step can be easily determined.

P RMNATER T g HIEUE, BRAESITINE T S A UE .

This step shall be in accordance with the values given in Table J.1 unless specified in
the execution specification.

T HAET5E 1A EN 1090-2:2018, ] EN 14399-3:2015 Al EN 14399-4:2015
R AR A .

NOTE Combined method 1 is based on EN 1090-2:2018 using EN 14399-3:2015 and
EN 14399-4:2015 bolting assemblies.
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RIV-AETE L, BINFEHES.8 KM 10.9 KiRi)
Table J.1 — Combined method 1, additional rotation (8.8 and 10.9 bolts)
EERMUHNELAERt | EF_PHRRELES > HWWHS KA Further
(BFEERAAEME) | rotation to be applied, during the second step of tightening

a,b,c

Total nominal thickness t of

parts to be connected
including all packs and
( wgashell')s) AR L
=i B % (mm) Degrees Turn
d = bolt diameter in mm
1<2d 60 1/6
2d<t<é6d 90 1/4
6d=<t<10d 120 1/3

a WIS A R E S 15°DA b, NINBIEZMAE.

a If the rotation angle is more than 15° below the specified value, this angle shall be
corrected.

b AR ARSI A K 30°, BURBURERR, N HGHT RIR AR .

b If the rotation angle is more than 30° over the specified angle, or the bolt or the nut has

failed, the bolt assembly shall be replaced by a new one.
c LIRS EIRTE (EAMLEEN) TRASERMEAEEN, POEERKHE T
FRIHA

¢ Where the surface under the bolt head or nut (allowing for taper washers, if used) is not

perpendicular to the bolt axis, the required angle of rotation should be determined by

testing.
AR R R A7 P (1 4 SUBUNUE ) F 3R RAE S My i3 LA
T R T E -

The torque reference values M:; to be used for a nominal minimum pretension Fj, are

determined for each type of bolt and nut combination used by one of the following
options:

a ) FETREFHIE R RYE EN 14399 REUBTEAIGHE 20 5E M K 5 JOR A E
ENIEE

a) values based on k-class declared by the fastener manufacturer in accordance with
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the relevant parts of the EN 14399 series:

DM =knd Fyy km 2% N Ka;

1) Mi2 = km d F, with ki, for k-class K2;

)M, = 0.125 d F,, K 59N K

2) M1 = 0,125 d F,, for k-class K1.

b ) LA P S H B AR A -

b) values determined according to Annex H:

My ges=Mum, M FRIEFT S D592 R 5 20 SR 5E .

M jest = Mm with My, determined according to the procedure relevant to the tightening
method to be used.

J3AETIE 2

J.3 Combined method 2

Xt JIS B 1186 W42 IR, A& Mk iR il =10 %:

Pretensioning by the combined method for JIS B 1186 bolting assemblies comprises
three steps:

1) FH S5 v 5 BN A AR B AR IR T AT AT R ME, — OB FRGHE, R
NE3Y%o FER AR Z AT, AU A RIERL AT H R, PG UE S E RS
o MIE IR 3 58 4 B A BEAS 2R R — RN — R A 58 B

1) The torque wrench used for tightening high strength hexagon bolts shall be calibrated,
generally daily, to an accuracy of £3 %. Daily calibration at one joint shall be conducted
to verify tightening accuracy prior to tightening additional joints. The complete
installation process, from inserting bolts to full tightening, shall typically be finished
within one day.

2) flANER)E, MOLRIHZRE 7.2.5 SRR SRR IR AT B . 2
A Pl B R AT B R B b o 4 T % TR .2 Fros AR AT B . #0202
)5, MAEREMERE B MR igae . REE, SRR RIRRIC .

2) The preliminary tightening of every joint and every group of bolts shall be done in
accordance with 7.2.5, immediately after the insertion of bolts. Tightening shall be done

to the torque values shown in Table J.2 using a preset-type torque wrench or an electric
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impact wrench. After preliminary tightening, a mark running across the bolt, nut,

washer and member shall be made on each bolt.
3) FESERNVIL KRB FbRIC G, NIZR 1.2 Fnie g BT e 4 5 0 . 248k
KR I 42 SO A B AR Y LAY, AR i ) e 1) R AR PRAT R R e 1 B

[RIie e &

3) Full tightening shall be done by rotating the nut as shown in Table J.2 after the

completion of preliminary tightening and marking. When the bolt length exceeds five

times the nominal bolt size, the amount of nut rotation shall be specified in the

execution specification according to the manufacturer's recommendations.

T A5 7R3 T AE JASS 6:2018.

NOTE Combined method 2 is based on JASS 6:2018.
R I2- BETIE 2, YVIHHENMINE f (8.8 W 10.9 iRiE)

Table J.2 — Combined method 2, initial torque and additional rotation (8.8 and

Specified in the execution

specification

10.9 bolts)
Z R ER I R A 5E R ME Nm
Nominal bolt diameter Approximate torque value for preliminary tightening Nm
M12 50
M16 100
M20 150
M22 150
M24 200
M27 300
M30 400
L= SRR FESH B RELES 0, BSIHINFIEE A Further rotation
L =Nominal bolt length to be applied, during the second step of tightening *”
d=IREER AE g
d = bolt diameter Degrees Turn
MI12, L <5d 60 1/6
M16-M36, L < 5d 120 1/3
L >5d FEPRAT RV B i B FEPRAT RV B i B

Specified in the execution

specification

a WL LE 1200 BREERIMEME /D 30°RL L (VT 90°) , Bl A% A EL 60° Jieks i E (/)
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15°BLE OUNT 459, A AUEAT e A I o

a If the rotation angle is more than 30° under the specified value of 120° rotation (less than 90°), or
if the rotation angle is more than 15° under the specified value of 60° rotation (less than 45°) , the]
rotation shall be corrected.

b 4 SR # Y AE A B 30000 b, BRMRAR BORRRRSR A, T B R R A R

b If the rotation angle is more than 30° above the specified angle, or the bolt or the nut has failed,

the bolt assembly shall be replaced by a new one.
JABETIE3

J.4 Combined method 3

KAA ST ENRREERBHTRERE=ANPR:

Pretensioning by the combined method for bolting assemblies comprises three

steps:

T HETIE 3 2T AISC 348-20, f#H] ASTM F3148 I2#2 1 4%H]. ASTM
F3125 %4 A325 848 ASTM F3125 252K A490 1344

NOTE Combined method 3 is based on AISC 348-20 using ASTM F3148 bolting
assemblies, ASTM F3125 grade A325 bolts, or ASTM F3125 grade A490 bolts.

D AR RAE AR TR SRR A ARBCAITE AN 2228 T I R R A JE R Rl %
B PR TR S BB A P o AARHHAR NN BRREE Lo I SR 7 B S R
ARARERTAGAAE, W SAE PR 1.3 o B AR B I 22 28 i 96 1k 6 A 7 HO TR
PTA F i T R R I BR A 22 A IER T, R R iR AL £ 10 %.

1) The bolting assembly shall be installed in the bolt tension measurement device using
the tools, bolting components, assembly configuration, and installation methods to be
used in the work. The initial torque shall be applied to the nut. If the initial torque has
not been provided by the manufacturer or supplier, then the torque in Table J.3 or the
torque established by pre-installation verification testing shall be used. Tools used shall

demonstrate or have certified output that does not vary by more than + 10 % during use.

R I3 - GFEHEI, WREEHRENERREL, NAERKYIGEHAE
Table J.3 — Combined method 3, initial torque to be applied, if not provided by

the manufacturer or supplier
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AFRIERE VIREHIEE R ETEE 1b-ft (Nm) 2

% d, ASTM F3125, &% A490 ASTM
Nominal ASTM F3125, &4 A325 F3148°
bolt ASTM F3125, Grade A325 ASTM F3125, Grade A490
diameter, ASTM F3148 b
db, in. B&/ME Min B A Max /M Min BRAME Max
Ib-ft Nm 1Ib-ft Nm Ib-ft Nm Ib-ft Nm
1/2 45 60 50 70 60 80 75 100
5/8 100 135 120 165 120 165 145 195
3/4 170 230 205 280 210 285 250 340
7/8 260 355 310 420 335 455 400 540
1 405 550 480 650 510 690 605 820
1-1/8 570 775 680 920 710 965 845 1145
1-1/4 810 1100 965 1310 1010 1370 1200 1625
1-3/8 1060 1435 1260 1710 1325 1795 1575 2135
1-1/2 1390 1885 1655 2245 1735 2350 2065 2800
a ARARAE HIGE R SRR, R REAERR AR it R B AE S 7 AR 42 At 5% [ 4 L B

i .
b ASTM F3148 144 5[ K EAR Y 1-1/4 965 .
a This table shall not be used in lieu of manufacturer-provided torque values and shall only be

used when torque has not

been provided for a bolting assembly by the bolt manufacturer or supplier.

b ASTM F3148 Group 144 bolting assemblies are available only up to 1-1/4-in. diameter.
2) WERAEZE 2 i KR SEBR TUR S/NT3R 1.4 HRDE VTG TR 77, M
FER BT AR AT # e IR i B . B 5.2.15 Fr avrigtEnisr, A i
XL B A AT . TR AR, (E T AR AT [R5 AR B

2) If the actual tension developed in the bolting assembly during the first step is less

than the initial tension specified in Table J.4, the cause(s) shall be determined and
resolved before the bolting assemblies are used in the work. Cleaning, lubrication, and
retesting of these bolting assemblies is not permitted, except as allowed in 5.2.15,
provided that all assemblies are treated in the same manner.
R J4-HEE 3, MRFERIERB/MIMGEH S
Table J.4 - Combined method 3, minimum initial tension for pre - installation

verification
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MEERB KR PDIETE ST, Kips
AFRIERE R Minimum Initial tension for pre - installation verification, kips
d ASTM F3125, %%t A490
Nominal bolt ASTM F3125, %% A325 ASTM F3148 a
diameter, ASTM F3125, Grade A325 ASTM F3125, Grade A490
db, in. ASTM F3148 a
kips kN kips kN
1/2 5 22 7 31
5/8 9 40 11 49
3/4 13 58 16 71
7/8 17 76 22 98
1 23 102 29 129
1-1/8 29 129 36 160
1-1/4 37 165 46 205
1-3/8 44 196 55 245
a ASTM F3148 144 25 [T KEARN 1-1/4 &)
a ASTM F3148 Group 144 bolting assemblies are available only up to 1-1/4-in. diameter

3) RPAT G ER A B ARSI NAR I B AT
3) If location marks are required by the execution specification, the bolting assembly
shall be marked.
4) 2K 1.5 "FRIE B A NOE P TR A
4) The rotation specified in Table J.5 shall be applied to each bolting assembly.
R IS—HESHEE 3, HIMBIGHEERIREEE A o

Table J.5 — Combined method 3, Nut rotation after application of initial torque a,b

PRAR KR © Ly
Bolt Length Rotation
AN 4dy 90°(1/4 &)
Not more than 4 db 90° (1/4 turn)
HEIT Ady (AT 8, 120°(1/3 &)
More than 4 db but not more than 8 db 120° (1/3 turn)

a BAREH R AN T AR A, 105 A Sh B TR (R BB AR ) B o8 . X T E R 1 i g B
A, AR 2EN+H45°(+1/8 FB)FI-0°,
a Nut rotation is relative to bolt regardless of the element (nut or bolt) being turned. For all required
nut rotations, the tolerance is plus 45° (+1/8 turn) and minus 0°.

b A\ 3 T M5 T 1 P i A A4 R 9 B 1% L

b Applicable only to joints in which all material within the grip is steel.

c IR KL 8dp N, T 5 HOMRBEEL Fy NI AEBR AR 2% B AT 6 R A 72

c When the bolt length exceeds 8 db, the required nut rotation shall be determined by actual testing

in a suitable bolt tension measurement device.
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Annex K

(R PR 3O
(normative)

iR SRARE R A M- R T BT WA

Pretensioning bolting assemblies - Spline - drive twist - off method

P 222 R BT AR BB R -

The shear wrench used for installation operates as follows:

- LR R BT, BRSNS R RN

— during the tightening operation of a structural bolting assembly, the socket in rotation
is the one that finds the least resistance to it;

- A E R RE R E PR, BREEHAMEEIN e, T AiEE
[ R THAE AR T o AN BB 2 A ke, 388 A BRI 8 T A R A58 445 ) 255 Tl 13k 138 2% [
HDEVE S

— from the outset and right up to the last tightening step, the outer socket on the nut
rotates clockwise while the inner socket holds the spline end without rotating, the result
being that the structural bolting assembly is progressively tightened by the increasing
torque applied to the nut;

- fERJR MR ER T, At Ik B WA o (0 O KHHAE LD RO, A
WA e, R R SME SR O AT T A e

— at the last tightening step, i.e. when the torsional resistance plateau of the break-neck
section is attained, the inner socket rotates anticlockwise while the outer socket on nut
provides the reaction without rotating;

= AR ] S A S £ S48 P 03 BT WIS, S5 A 2 e A

— the structural bolting assembly installation is complete when the spline end shears
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off at the breakneck section.

WRE IR 77 H 7 Wi 45 A 5 1] 1 A B i L T LA R e WU AR 3 2 A
KT AT I TAME

The specified pretension requirement is provided by the twist-off structural bolting
assembly itself by means of the geometrical and torsion mechanical characteristics,
together with the lubrication conditions. The installation wrench does not need
calibration.

DN PRI R T O 58 RS 14 55 T (O TIEL 045 & RUE IR e/ NI J R, iR ke %2
e SUREROR G b 8

In order to ensure that the pretension in completed structural bolt assemblies in
connections meet the specified minimum pretension requirement, the bolt installation

process comprises two tightening steps.

JITAT S 45 ) 5 ] 22 B B T e Ak o RIS B DI T B A A A T AT
R, OERAERIRERGE, EERN SRR A, A VIR
WP, WRAESLERA R A PR R T om s DI, W20 I B R Ao A
JFIRSE — 2D 2 R, bS8 OESR TH TAT S MR X 2R — 2D 4R A
All twist-off structural bolting assemblies shall be placed in the connection. The first
tightening step of bringing the joint to the snug-tight condition may be achieved using
the shear wrench or other style wrench to bring the connected plies into firm contact,
without severing the splined end. If a splined end is severed during this operation, the
bolting assembly shall be removed and replaced. This first step shall be completed for

all structural bolts in the connection prior to commencement of the second step.

E 1 WRHIER KRS RAEE AR, Hlanu IR SR A TR,
Bl i B UIIRT A H AL, B A A R 5

NOTE 1 Guidance of the equipment manufacturer can give additional information on
how to identify if snug tightening has occurred, e.g. sound of shear wrench changing,

or if other methods of snug tightening are suitable.
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RAEPAT R ER, R —TEREP R 5, DAEREN TN R B B —

MBS GE AR L BREE SR A RIARIC .

If required by the execution specification, after the first tightening step, a mark running
across the structural bolt, nut, washer and member shall be made on each twist-off bolt

assembly.

4 G5 R ME A (O FH A T i £ FL A AL e BT IR, RIS R AN R AP R

The second tightening step is achieved when the spline end of the structural bolt shears
off at the breakneck.

INRPAT VO A R, kSR T-47 HRD B2 EFH KO K1 AMTK2 2%, B
HR 2} K2 2.

If required by the execution specification, the k-class shall be limited to k-class KO,
K1land K2 with HRD nuts, or k-class K2 with HR nuts.

VE 2: K ZRIRHISLE] T EN-14399-10 HRC 411+

NOTE 2 The k-class limitations are applicable only for EN-14399-10 HRC assemblies.
0 AL S5 A AN SO VA FH BT T8 T #1648 [ 1k 47 SR ] (3l ey
[FIAN LD 5 WU RERISAAT RS B Se VA AR TR T iR AT SR ] (B g e s
AL BB iR BRI .

structural bolting assembly, e.g. for lack of space, tightening shall be carried out using
an alternative pretensioning procedure permitted by the execution specification (e.g.

torque method, combined method, direct tension indicator method, turn-of-nut method).
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Annex L

CRIE R =)
(normative)
PR R ERAA-HEK a8

Pretensioning bolting assemblies - Direct tension indicator method

ELARGK 4R 7n A OB H MR AR (O R AR T, TR A M IR AR IE R A LA B
ol i T 5 A B /N TRAL 7T
Direct tension indicators shall indicate, by compression of the protrusions, that at least

the required minimum pretension has been achieved in the structural bolting assembly.

1 AR SAE N T EHE RS .

NOTE 1 This annex does not apply to indicators that rely on torsion.

T 20 ARPR SR ANIE P T P A o B 7 I A3 o L2 e 4 R WA T 7
NOTE 2 This annex does not apply to direct measurement of structural bolt pretension

by use of hydraulic instruments or ultrasonic instruments.

FLERL I H 75 A e A 5 B P 1 256 I 06 20T 57 b A A AR 1) 325 7 1 15 1 52 )
(W& « 2 0,7.2.82.

The direct tension indicators and their associated washers shall be assembled in
accordance with the product standard and the manufacturer's written instructions, if

applicable. See 7.2.8.2.

A T [ B F e P PR ik, s P R 0 7 7 Tl 2 B B B I (R 50, 107
BN T 42 /N P s MR AR T 1 1.05 1% I ) DT 68 (A Bt o

The job inspection gap shall be provided by the manufacturer, or established by the
151



contractor during pre-installation verification testing, as a gap less than the measured

DTI test gap at 1,05 x the minimum required bolt pretension.

SEHUR R EE R AL 1) SIHT 06 B HOIRAS I 2 — 2D S [ AR B3R 9K e % T
THG R AT 30T . 2R N GBI NS & BARTK T famas M o8 i, ik
PRAE IR PRI RS AR 40 2/ T LA SR L, R IR DL, SR
FFEE LK TR R AS . FETTIREE BT, WA AE OB R T S IR A 1Y
i

The first step of tightening to reach a uniform snug-tight condition of a bolting assembly
shall be when initial deformation of the direct tension indicator protrusions begins. The
installer shall verify that the direct tension indicator protrusions have not been
compressed to a gap that is less than the job inspection gap during this operation, and
if this has occurred, the direct tension indicator shall be removed and replaced. This
first step shall be completed for all structural bolts in the connection prior to
commencement of the second step.

E A b RN R, BRI BRI ar B 138 2 TR
A BRI EER . 22 N G NAZ S E R ) Fa 7R a4 I S O e 48 310/ T TRk
AR . EAED a7 a: LIS IR BN AZ IO EE, DA IR 2 T 2R I X
[ 1 T A B A

The second step of tightening shall be to apply further tightening until the job inspection
gap requirements are met for each direct tension indicator. The installer shall verify that
the direct tension indicator protrusions have been compressed to a gap that is less than
the job inspection gap. The gaps measured on the direct tension indicator may be

averaged to establish the acceptability of the structural bolting assembly.
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Annex M

(R PR 3O
(normative)

TR R E - MR B e

Pretensioning bolting assemblies - Turn - of - nut method
M.1 &0
M.1 General
ffs MRt 1A IR B EAA IR P IR, AT T IR AR g . SR
7.4.11,
Annex M provides pretensioning procedures based on the turn-of-nut method that may
be used for pretensioned and slip-resistant joints. See 7.4.11.
T M3 T M4 [ B I AN E T SRR HE AT ST 22 18] AR AR B AR S A 1
NOTE The contents of M.3 and M.4 do not establish any technical equivalence between
the standards and documents listed.
-M.3, WRBEHERE 7% 1 BT AISC 348-20 Fll AS/NZ 5131:2016;
— M.3, Turn-of-nut method 1 is based on AISC 348-20 and AS/NZ 5131:2016;
- M.4, WRBEERE TS 2 L CSA S16-19 it
— M.4, Turn-of-nut method 2 is based on CSA S16-19.
M.2 BE B} jie ¥ k- 2 U
M.2 Turn - of - nut method - General
IR BEARXS TR A R e RE I, MRBRDI AR A A TR T, DR AEAR IR
Jivits B e /N L AT
The turn-of-nut method provides bolt pretension through elongation of the bolt when
the nut is sufficiently rotated relative to the bolt, ensuring that at least the required

minimum pretension has been achieved in the bolt.

FERORAT & TR T SR A RO RTAR N, S5 A AR S e 28 A ad e . LART A AL A 12 A
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LARTCAZ IR S E ML ST o 2R T IR

The specified pretension requirement is provided by the structural bolting assembly
itself by means of the geometrical and mechanical characteristics with deformation
control, provided adequate lubrication conditions are present. The installation wrench

does not need calibration.

N T RAORE S T 58 A 2 R i R S A MR A (R T 038 BIRIRE 1 e /N AL 0 25K
WA 2R T R R AR I A K D IR

In order to ensure that the pretensions in fully installed structural bolts in connections
meet the specified minimum pretension requirement, the bolt installation process

comprises two tightening steps.

PAT S S Y N B IR AL . R R IE R 2 KBRS, 55— R E 2D 3R
A DUE s R T AT D B by o O T H B BORUE TR it g
T IR B 58 A T P AR AR 1 — 2D B AR N LA AT AR AE T30 5 [ 4 T B
AR Tt N 478 7 Bk S B AETTIREE D IRIE 2T, W AE SO T T
LERIRREI AR — 2
All structural bolting assemblies shall be placed in the connection. The first tightening
step to reach a uniform snug-tight condition of a bolting assembly may be achieved
using a few impacts of a pneumatic impact wrench, an appropriate level of torque from
electric or hydraulic tools, generally in the range of half the torque needed to achieve
full pretension, or by the full effort of a person using a standard hand podger spanner
or spud wrench. This first step shall be completed for all structural bolts in one

connection prior to commencement of the second step.

i THRVE SR, fERIP R Ja, NBCE E AR IC LR s S5 F i3 e 5 IR B 1A
XL E, I T2 e IR B
If required by the execution specifications, after snug tightening, location marks

(matchmarks) shall be established to mark the relative position of the structural bolt and
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the nut and to control the final nut rotation.

KW PR IEER ML B M2 (BUROLME) FIRLE, XSk T
W T 2 A P I MR B R A Sk (R . AEUEERAE I AR T, NPT IR IR T R TR
R, BRARGSH IR AR EE EAARID, DUEm S X e 2. riE A ]
ARG AT 1 B AR 1O R MR B 1 B & e e 15 0L o
The second tightening step is to apply nut or head rotation in accordance with Table
M.1 or Table M.2, as applicable, to all bolting assemblies in the joint. The part not
turned by the wrench shall be prevented from rotating during this operation, unless the
structural bolt and nut are marked to enable the amount of relative rotation to be
determined. Observation of the final nut rotation may be achieved by using marked
wrench sockets or by using location marks.
M.3 R BRI 1
M.3 Turn - of - nut method 1
VE 1 BRBEERL 75 1 BT AISC 348-20 Al AS/NZ 5131:2016.
NOTE 1 Turn-of-nut method 1 is based on AISC 348-20 and AS/NZ 5131:2016.
TE 2 % ML1FET ASTM F3125 f552% A325 Fll A490 18 LA K AS/NZS 1252 (]
S 8.8 A1 10.9 MR K N ERAL
NOTE 2 Table M.1 is based on the use of ASTM F3125 grades A325 and A490 and
AS/NZS 1252 grades 8.8 and 10.9.
R M.A-REHEF 5% 1
Table M.1 - Turn - of - nut method 1

=% gk K FERERE T H— D
i3 Further rotation to be applied beyond snug - tight condition
L = Nominal —HEE, H—HEMW |BEE, H5REmHE
bolt #, EEREHMEKE |FEEAEE 1:20 RE
FWHDEE T IREME A
length BAEE 1:20, AMEH FHE R E
Both faces normal to bolt
axis AT B Both faces sloped, but not
=R HE One face normal, other | more than 1:20 from bolt

d = bolt face sloped but not more| axis, bevelled washer not
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diameter than 1:20 from bolt axis, used
bevelled washer not used
piili-a piili-a piili-a Il
Degrees Turn Degrees Turn Degrees Turn
L<4d 120 1/3 180 1/2 240 2/3
4d<L<8d|l80 1/2 240 2/3 300 5/6
8d< L<12d“ 240 2/3 300 5/6 360 1

a XTT L>12d, ¥ A R8I AR R E

a For L> 12 d, rotation to be determined by testing
It 1 AISC 348 -fiehs ~ 22+60° , -0°

INOTE 1 AISC 348 — Rotation tolerance +60°, -0°

IE 2 AS/NZS 5131-%fF 0.5 [8 88 LU Biehe, iefe aZ+30° ,-0° , X+ 2/3 [ bl LA
e, RN FEH45° 07 .
INOTE 2 AS/NZS 5131~ Rotation tolerance +30°, -0° for rotations of %4 turn or less, +45°, -0° for

rotations of 2/3 turn or more
M.4 SR B e ss 77 2
M.4 Turn - of - nut method 2
W 1 IEREERE 51k 2 22T CSA S16-19,
NOTE 1 Turn-of-nut method 2 is based on CSA S16-19.
TE 2R M2 2T ASTM F3125/F3125M (554 A325. A325M. A490 £l A490M

BRI A A o
NOTE 2 Table M.2 is based on the use of ASTM F3125/F3125M grades A325, A325M,

A490 and A490M.
R ML2-BR Bk 751k 2
Table M.2 - Turn - of - nut method 2
EREERSTH— ek
L= UIERKE Further rotation to be applied beyond snug-tight condition
L =Nominal bolt | FEYWEHT|—HEE, H—HEHHEA, EHS FHEMEM EH5EBRHME
length Rehg REEKNERAEY 1:20, | MEREAET 1:20 A
d=EER | Both faces A5 PR 4T P FIRHET 248 a

d = bolt diameter normal to bolt One face normal, other Both faces sloped, but not

axis face sloped but not more more than 1:20 from bolt
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than 1:20 from bolt axis,

axis, bevelled washer not

bevelled washer not used used a
piili-a yiilia Il yiili-a
Degrees| Turn Degrees Turn Degrees Turn
L<4d 120 1/3 120 1/3
4d<L<8d, At
200mm 180 | 12 180 12
4d <L < 8d, not to
exceed 200 mm
8d<L<12d,B 1% 270 3/4
H g
200mm 240 | 273 240 2/3
8d <L <12, or bolt
length exceeding
200 mm

a 2418 F A490 27 al A490M ZRUERE R, MR T 75 ZA) 4 8]

a Bevelled washers required under sloping surfaces when Grade A490 or A490M bolts are used

E: T RTE A, A ZE L300
INOTE Tolerance £30° for all rotations
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Annex N
(BORMERR3R)
(informative)
R R B e iR (BTQP)
Bolt Tightening Qualification Procedure (BTQP)
N.1 &
N.1 General

n SRk D T MR IURT 2 5, 451 D o T KA B A AR S 2 2 A il il e sl iR A sk
R IRRE N, A&

This annex only applies if no rules and parameters for tightening exist, e.g. for
pretensioning of stainless steel bolting assemblies, or when bolts are pretensioned by
turning the head.

AR 2B T IR R A E IR FE(BTQP), I FE AR X R R AR 5 14 ) T
Sefit TR ABAT RO, AR AR . — DMREE IR, RS R
JIEREOR s — P N 22 A e B B RR A S 2 T, g — 3% | B 2 A
e A5 B AERE 6]

This annex presents a bolt tightening qualification procedure (BTQP) which provides
design and execution rules for pretensioning of stainless steel and carbon steel bolting
assemblies with bolting assemblies consisting of one bolt, one nut, and washers as
required for the installation method. One washer should be installed between the
clamping package and the bolt head and the other washer should be installed between
the clamping package and the nut.

BTQP fCVFifiE . —HL B KB S8 Aitiifed, —MEER:

The BTQP allows the determination of the tightening parameters for only one
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configuration. In this procedure, one configuration is:

— —MERRRR AR CHHRRR B —AEERL R, SRR — A HliEd I, 3
B>k A —AMligE bk, 2L 1SO 17607-1) 5

— One single bolting assembly lot (i.e. bolts from one manufacturing lot, nuts from
one manufacturing lot, washers from one manufacturing lot, see ISO 17607-1;

— — 7

— One lubrication;

— —MERJTE, I HAA BRIk

— One tightening method,

BTG B A NIAAT BTQP

The BTQP should be performed for each new configuration.

RLRE A TREL T AR 42 T 117K

The specified pretension shall not exceed the nominal pretension level.

BTQP f4%:

The BTQP includes:

— WREE AN T3 PLORIERRRE A - A i 205 — A s K BT & 3.
RE 75 UIE WY R A 12 e 28 A1 P 75 1 O R AR P AE AR KR B b ke T P A P F e  77)

(
KM,

e

— the definition of appropriate lubrication to ensure a sufficiently long plastic plateau
of the bolt force— rotation curve. (The ability to demonstrate the required functional
characteristics of the bolting assembly is highly dependent on the type of lubrication
used.)
— RE SR
— the evaluation of tightening parameters.
— HEATIE ARG, DA AR IR € 1 R [ R RE 8 T SE AR BT R TR AT
A W12 U AR IR R .
—a suitability test to confirm that the required pretension can be reliably obtained by a
specific tightening method with a sufficient margin of safety against overtightening.
ARMFOGE TRt 57 R ATRE i it, N EAT Il .
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This annex applies only to static design. Fatigue considerations may govern the design
and should also be assessed.

N.1 /& BTQP fnEZ K. HAMSEAERILN2 £ NS,

A schematic overview of the BTQP is given in Figure N.1. The detailed parameters and

requirements are given in N.2 through N.5.

Definition of initial parametersfor .
pretensioning 3

I
JR—

C Verification of mechanical properties )
acc. to 1SO 898-1/-2 or 1SO 3506-1/-2

|
|
x x x |

Product Preferred Mechanical
standard l [ Lubrication ] tightening me(hod} {T""" pretension Fy ]’ { properties ] :

. , s T.
e 1S04014 Selectionofa | « Torque method i« Target level 1 or Il « Comesion protection |
e 1504017 lubricant which : « Combined method Required preload level | * Property class |
e 1804762 is recommended ; « Yield controlled based on design * i
N H for the tightening H Preload below or equal : |
: application « Hydraulic tensioning | : Fpe =0,7 fu As i |
H . N S ——

- |
|
|
|
|

Suitability test

Minimum 20 tightening tests per configuration

— " Determination of —

Ductilityof the assemblies
262> 882 ma

- o A

individual p
Foumax > 1,3-Fp
Tt<2d 210° I
2dsPtebd 240"

k< V10 2700

-
-

7
/

Modification of the
pretension level Fp
v

( Determination of tightening parameters)

Modification of parameters
« Higher property class
* Altemative lubrication
» Different steel grade

~ Option1 «—"— no —» Option2 -~

i of ing tests
with § % and 95 % fractile values Frksnand Freasw for the determined tightenin,
parameters
( D of p for limiting criteria )
T
“Brque controlled Other tightening Combined
tightening methods method
paereevestesasabsnsessossorsanten - - FCTRRO! RS,
$ f
i Limiting critoria H Definition of limiting criteria Limiting oritoria
{Fomn  21,03F; i 2103F
{Fpsx  2103F Yo >103F,
iFpm  21,10F i 21,10Fp
Fposs 50,95 Fomacmn: - < 0.5 A82;mn
{ Foma 50,95 Fopaxm! | SO —
no

yes

< Inspection requirements acc. to Annex M>

Figure N.1 — Schematic overview of the bolt tightening qualification procedure
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N.2 E B 4RI RE

N.2 Mechanical properties of bolting components

B AT RLFF A 1SO 3506-1 Fil 1ISO 3506-2 % AN S [E £ (K1 #E5Kk, LA 1SO 898-1
FI SO 898-2 Fof A S [l I ZE3K

The bolting assemblies should fulfil the requirements according to ISO 3506-1 and ISO
3506-2 for stainless steel bolting assemblies, and according to ISO 898-1 and ISO 898-
2 for carbon steel bolting assemblies.

N.3 G R

N.3 Suitability test

N.3.1 &0

N.3.1 General

BERRC BN D HEAT 20 JOR R

A minimum of 20 tightening tests shall be performed for each configuration.
FRAESIARE, DB e R REBEAT R o W R e R iR A Sk g AT B,
AR SR b A B 2 B AR I A A A P

Unless otherwise specified, tightening shall be carried out by rotation of the nut. If
tightening is carried out by rotation of the bolt head, the test set-up and the procedure
described in this clause shall be modified accordingly.

G P SR PR AR B [ AR L AR, KRS E DL S

The principle of the test is to tighten the assembly and to measure in a continuous
manner, during tightening, the following parameters:

— IR

— the bolt force;

— WEREANMZ A 22 1] R AH R e £

— the relative rotation between the nut and the bolt;

— e

— the torque;
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N32 KR E

N.3.2 Test apparatus

02 B N BE A A X [ A LRI E N3 T A S

The test apparatus shall be able to determine the parameters according to N.3.1 in a
continuous manner during the tightening process.

6 2 A AN 13

The test apparatus shall be made of steel.

FH R T PO R B8 S A 8 I

The block on which the assembly is mounted shall be sufficiently rigid.

T WU R O AT AR 2K

NOTE Hydraulic measuring devices do not normally meet this requirement.

S ALK 6 2 L ) T

It is recommended that the stiffness of the test set-up be as high as practicable.

LA 2 NL1 A L 1 2 ] e R A S AR B, 2 1) R AR R

The length of the bolt between the head and the nut shall be adjusted by the use of shims
as specified in Table N.1.

el BB A R 44

The number of shims shall not exceed four.

RS RS BB (Bl vt RS S agAe 7y, DS AN BE N 5L bE
fF1= 2%, BERIEIRZE N+ 1%

The bolt force shall be measured in a continuous manner by a calibrated device (e. g.
dynamometer) with uncertainty of = 2 % of the actual value and a repeatability error of
=1 %.

Jee I G O SEEAT, REEEAEL 1°VAN .

The rotation shall be measured in a continuous manner to an uncertainty of = 1°.
A A AL AR 0 ke B S B AR, DU AN LA B R ZE 1 O+
1%

The torque shall be measured in a continuous manner by a calibrated torque measuring

device with an uncertainty of the value and a repeatability error of = 1 %.
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R N.I1: 2@

Table N.1 — Characteristics of shims

% ERE|ERAE
- & A1 EP B R
£ d mm
sz B HRC —
Nominal Mm . FITE
Outside diameter Thickness|{Hardness for the
bolt Hole Parallelism|
mm mm outside shim
diameter d | Diameter
HRC
mm mm
d <Ml14 d+1 AMETHRE
Ml4 <d < J+2 HACRE ER, JEHE LUK
M TR S R E 4
Not less than the outside 22 o T, <1%
4> M24 d+3 assembly washer diameter and
sufficient to distribute load
adequately to the device

N.3.3 R A M

N.3.3 Test assemblies

I RLAE e oot GIERRERIEME L) T 20 — B AT BT .

The test shall be carried out on assemblies that include at least a washer under the
rotated element (nutor bolt head).

IR ZHAF L ERAS AL P R

Test assemblies shall be taken from a single assembly lot.

AR R, IR A RS A R e — K

Each component of a test assembly shall be used once only, unless otherwise specified.
7 B R T A, R 7R AR 5 JE SR8 A AR R R 25 S T .

Lubrication conditions shall be defined. The tests shall be carried out under the
lubrication conditions which will be applied in the later use.

N34 B E

N.3.4 Test set - up

I E (LEIN2) nlREash (RN 7 B DOE ol & 5 %

The test set-up (see Figure N.2) may include shims (see Table N.1) needed to suit the
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measuring device.

TG LA AR ] ) 7 BT DA K

The test assemblies and shims shall be positioned such that:

— fEe¥ oot GREERE S T E — R ;

— a washer of the assembly is placed under the rotated element (nut/bolt head);

— EOFEE P R AE P 1) S A B AT A 5% 77 b s v R e /N EESR

— the clamp length including shims and washer(s) is the minimum allowed in the

relevant product standard.

1
= : |
I
4 H ’; —
3
- : =
gassse
"
Key
VIREE: X[ e 5 5 BePL L el e By
1 nut: turned during tightening 5 washer of the assembly or shim
2 el ARk ekt 6 W3Sk 2R IEF )
2 washer of the assembly: prevented from 6 bolt head: prevented from rotating
rotating
38y 7TREKEST
3 shim(s) 7 clamp length >t

4 FHERR R 28 ) e

4 calibrated bolt force measuring device
KIN.2: 5w E

Figure N.2 — Test set-up
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N.3.5 R HE
N.3.5 Test procedure
I S AE PRI B2 A 10°C % 35°C (7 il A AT
The test shall be carried out at an ambient temperature range of 10 °C to 35 °C.
FRAESI A RE, DB e R BEBEAT B o SN b AT DU i e R A Sk K
AR IS AR N R BE ) B BT 1 U] o a0 RO e e R A Sk AT I, T R AR B
B O3 E A .
Unless otherwise specified, the tightening shall be carried out by rotation of the nut. In
principle, tightening by rotation of the bolt head is possible. Within this test procedure,
the rotation of the nut is described. If the bolt head is to be rotated for tightening, the
given test set-up and the procedure shall be modified accordingly.
BB AEAT B, RIS I AR il s 5
The tightening shall be carried out by rotation in a continuous manner and
measurements shall be recorded throughout the test.
G PR Jie A T B NLAE 1 2 10 B/ 03 Bh 2 1]
The speed of rotation of the test shall be between 1 and 10 min-1 (revolutions per
minute).
IR, SEAR AR EE N (O R X A e o R AR — AN R [ I AR
ez, WINERRIX IR, FFEATH e LA 1) i 55 .
Neither the bolt nor the washer under the nut shall rotate during the test. If either of
them rotates during tightening, the phenomena shall be noted and a new test shall be
carried out to replace the test in question.
E UGB ST R SO, R A 1R
The test shall be stopped when any one of the following conditions is first satisfied:
— BRBHHERL A L (Opi+ AB2imin)
— the angle of nut rotation exceeds (6pi + AG2,i,min);
— BRI NS F,
— the bolt force drops to Fp;
— IR IR R
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— bolt failure by fracture occurs.

PRI AL, N E BN 2

For each of the test assemblies the following curves shall be determined:

— B2 1 5N R A i 2

— the bolt force-rotation relationship;

— BRRE 2 - O AR i 4G

— the bolt force-torque relationship;

— BRRE IO AR 2 (AR ED

— the bolt force-elongation relationship, if required.

X A B MR N REHE AR 4 R B 5 I ARG — 3 (S WEIN3 FIN4

aRibLEC N 1 DI

The data of these relationships shall be such as to permit accurate interpretation of the

results and be consistent with the accuracy of the test apparatus (see examples of curves

in Figures N.3 and N.4).

N.3.6 XA IR 4 R VPG

N.3.6 Evaluation of the test results

PR B N.3 AEEAS 2 h3R1G L E B

The following shall be obtained from each curve in accordance with Figure N.3:

— il S Seil B Fy B AR Opis

— the angle Opi at which the bolt force first reaches the value of Fp; Opi is noted;

— C IR Sk B H A KB Fomax ITR S BT E O1is Fomax 75 B K

— the angle 11 at which the bolt force reaches its maximum value Fb,max, Fb,max is

also noted;

— A L AR 0u, R IC SRR ) Fy (62)HIME

— the angle 6»; at which the test is stopped and at which the value of the bolt force Fb

(6) 1s also noted.

[FINAC T Fo max fBH A5 ME Fo maxmino

The minimum value of all Fp max values, Fp max,min, 1S also noted.

BIRNEAML 6 MH KRN TS2Rk TR R (BRI &, (B4
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SEFREREF, UMEZE Ay 1A% BTQP HHUE FIH/MA AG min B, 7T BESF 1L
R

Although the purpose of measuring the angle 6> is to obtain an indication of the nut
rotation at which the bolt force drops back to the value Fy, in practice the test may be
stopped when the angle difference A6, reaches the specified required minimum value
A6, min according to the BTQP.

FRAE 3k M RE A5 R, e LN HUA

From the above angle measurements, the following values are determined:

— FEZE A0, € XN (O - 0i), BIIARE KIERE TT Fomax I 555

— the angle difference A#:;, which is defined as (61i - 6;) and corresponds to the point
at which the maximum bolt force F max has been reached;

— FEZEAG, TE SN (0ni- Gpi), RIRIAT LRI Y AT

— the angle difference A6»;, which is defined as (6 - 6yi) and corresponds to the point

at which the test has been stopped.

A
Fyima<1.3F,
Fbi max
: AB2>A0, o
~ Fy(6,) / «{ V FysF,
% Fp F,=0.7fuds V Bolt Failure
< AO >N i
B - -
= AO>AOs
JieF SR )
:
Key
X: ¥ 0, BAL: ©
X: Angle of rotation 6 in °
Y: W% 7] Fy, HAAL KN
Y: Bolt force F1 in kN
Bl N.3 SRR 3Z /)-F fiy i 28
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Figure N.3 — Bolt force-rotation curve

HF, (KN)

F | —F, <0754,

2
b
|

B A 557,
”»‘f:{il-. b

1% AIA M (Nm)

:
Key
X: BE A M, HAL: Nm
X: Tightening torque M in Nm
Y: B2 )] Fy, FAL KN
Y: Bolt force Fy in kN

B N.4 822 - HEMLE (F/M #iZR)

Figure N.4 — Bolt force-torque curve (F/M curve)

N.3.7 & FHHER

N.3.7 Requirements for suitability

N.3.7.1 &0
N.3.7.1 General

I I B A 2 3k I E (A R B/ PED) ZHAR I DhRe R E
The functional characteristics of the bolt/nut/washer(s) assembly specified in this clause

shall be achieved.
N.3.7.2 B[ o %6 A A 7 1 Bt K AE (Fo,max)

N.3.7.2 Maximum individual value of the bolt force during the tightening test
(F b,max)
2 [ 6 P BB A 52 7 I B B L A2 BA R 23K

The maximum individual value of the bolt force during the tightening test should satisfy

the following:

Fopma =13 Fp (N.1)
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WNRANH E AN P EI A, BT 15K F, BB S0E T S A 2 Hea
T A VESR, NI,

If the conditions in Formula (N.1) are not fulfilled, the modification of the pretension
level Fp or the modification of other parameter, such as the lubrication can help satisfy

the formula, see Figure N.1.
N.3.7.3 SR B} H N M
N.3.7.3 Angle of additional nut rotation
A S SCONMIERE TN /1183 Fy WO IR¥:5), BERIRKER ) TSR N3 |
HLIE B Fp I 5 I e B AR
The angle by which the nut should be turned starting from a pretension of F}, until the
bolt force has dropped back to F, specified in Table N.3.
R N3 WRBEIT NS A 1H A0z

Table N.3 — Values for angles of additional nut rotation A&;
FEKE o
Clamp length Zt*

St<2d 210°
2d <Yt <6d 240°
6d <Yt <10d 270°
Tt ST ELAE R E A e AR A ) R
3%t is the total thickness of the clamped parts including washer(s).
N.3.7.4 K R BAME
N.3.7.4 Individual values of the k - factor
B i AHAZIAE 010 < ki< 0.23 IITEEIN, ki =M/(d x Fy)o

AHZi,min

Individual ki-values are required and shall be in the range of 0,10 < ki1 < 0,23, with ki =
M/(d x Fy).

BTQP 1Al 51> k FR 5 AR 1) 3% [ AF h e . X[ S 4N AL BTQP Ya N #E4T
PA

The BTQP evaluates individual k-factors to limit torsion in the bolting assembly.

Tightening parameters shall be evaluated within the BTQP.
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N.3.8 WA H

N.3.8 Test report

BRI N ALHE DL S AR R

The following minimum information shall be included in the test documentation.
a) SEIE AR IR

a) Identification of the laboratory;

b) FIGHLFIIARIR

b) Identification of the organization ordering the test;

c) IR IaZE A 1 H

c) Date of reception of the assemblies;

d) a5 H 3]

d) Date of testing;

e) FMCHLREY R AR HIAR RS (% IR HD
e) Identification number of the assembly lot or the extended assembly lot (provided by
the client);

f) IR

f) Number of assemblies tested;

g) R fFA PR

g) Designation of the fasteners;

h) A, BREERIE B H AR

h) Marking of bolts, nuts and washers;

1) RZEER AR

1) Coating or surface finish;

j) 7

j) Lubrication;

k) B e A

k) Test clamp length;

1) ALFERIEELE A A 102 & T

1) Details of the test set-up including rigidity;

m) K S CRE L. BEHE

m) Tightening conditions (speed of tightening, number of shims);
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n) A REEHATIER B (WA R, B3R SRR G 26 AR AR 1 15
)

n) Remarks concerning the execution of tests (including, if any, those on special testing
conditions and procedures);

0) MRIEA AT AT IR 45 2R

0) Tests results according to this document;

p) & BTQP IESR AL R etk i Dh et »

p) Evaluation of the functional characteristics of the assembly lot in relation to the
requirements of the BTQP;

qQ) 45

q) Conclusions.

N.4 X & Z I E

N.4 Determination of tightening parameters

N.4.1 8

N.4.1General

TR R AT 0 20

Pretensioned bolted connections are categorised as:

—E BT R S T D R, A i R IR R (HARE R D
— Connections in which the pretension is used in the design process, €. g. slip-resistant
connections or pretensioned tensile connections (target level I)

— Ay T EE R T AT 247 K R, B, IREEBAT A TR

(CHRFRID .

— Connections which are pretensioned only to enhance the serviceability, e. g. to limit
the deformation and slip in the connections (target level II).

MRAE P B KB 5%, N E KB S5 (S5 BN I A
%), DU NA42 hIEEKR,

Based on the chosen tightening method, tightening parameters (reference torque,
additional angle of rotation if needed, etc.) shall be determined to fulfil the requirements

given in N.4.2.
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N.4.2 R [E S H 1 e hn e
N.4.2 Criteria for the determination of the tightening parameters

NERANIE AP REG I € S A 25 RS AT DG K [ S HUIEAE ) Foie R E ZHUR
P LU B E -

The individual values of the bolt force Ftpi related to the considered tightening
parameter are determined for each suitability test. The tightening parameters are

determined by considering the following values:—

Fipmin P Foi 800 5/
Fip,min the minimum value of all Fi; values.
Fipmax P Foi B 1 e KAH.

Fip,max the maximum value of all Fi; values.
Fipm JITH Foi {8 1T 211

Fipm the mean value of all Fip; values.

Fip 50 T FpifE1 5 %o i 4.

Fip 5% the 5 % fractile of all Fy,i values.
Fip.05% T Fupi B 95 %5 i 4.

Fipo5% the 95 % fractile of all Fi,; values.

BRI 2 B (R T vk 3 (K R AR TR ) ) i B FE 5% 95% 1 43 o By
EH), BB AR BRI, AR REORA.

The tightening parameters (bolt pretension achieved in tightening tests) are
determined by considering the 5 % and 95 % fractile values, assuming a normal

distribution of the test results with unknown coefficients of variation.

Fipsv=Fpmx (1-kxVF) (N.2)
F tp,95%=F tp,m X (1+k,x V) (N.3)
DL
with (N.4)
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Vi = (N.5)

e = | Lx D F (N.6)
ko SR A N.A BT 4R T

kn 1s the quantile factor according to Table N.4,
n I R A e A R R
n 1s the amount of test results within a test series,
st 72 Foi (HRTHEARHEZ,
sr 1s the calculated standard deviation of the Fbi values,
Ve & Foi (HRITHHE A R E
Vr is the calculated coefficient of variation of the Fbi values.
R N4 - k, RBGAK SR EIES 0 AR RBCR A KIS PR E
Table N.4 - k, -values for statistical evaluation, assuming a normal distribution

of the test results with unknown coefficients of variation

n 20 25 30 > 40
kn 1,76 1,74 1,73 1,64

JRLHE R NS HES 128 3 TR R A

The limiting criteria No. 1 to 3 given in Table N.5 shall be fulfilled.

T ARPER NS A H 0 BRI Tl K R R, 3R B ARAES T
IRLHT, T DURCOE 5 [ 25

NOTE Once the evaluation of tightening parameters in accordance with the limiting

criteria given in Table N.5 has been undertaken, the tightening parameters can be
relaxed for applications only required to meet target level II.

A8 AR #2 f) SE EIVAN, RE AE 3R NLS 2 tH O BRfE JU) 4T A0 5T

The limiting criteria 4T and 5T given in Table N.5 shall be fulfilled if a torque controlled
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tightening method is used.
A& BRI, N 2R N.S 45 A BR HIHE L 4C.
The limiting criterion 4C given in Table N.5 shall be fulfilled if a combined tightening

method is used.

R N5 - RE R B0 AN

Table N.5 — Criteria for the determination of tightening parameters

No.

1 F 5% I R BT (LB L6 2 e PR R )

Limiting criteria to be fulfilled, when evaluated tightening parameters are applied®

CRAUETRE 18 /IME. F, 7158 N #E

Criteria to ensure the minimum value of pretension Fp is reliably applied

Al — R B A BN RAR BN UR ST Fip min B ECR/NTIUER TS
F, 1 3%

The lowest individual pretension Fy, min from one test series shall

exceed the required minimum pretension Fy, by at least 3 %

Ftp,min 2 1.03 Fp

7] — RN BN IERE S% TR T Fip 500 HC BN TS T
F, 1 3%
The 5 % fractile of the individual pretensions Fyp 5o from one test

series shall exceed the required minimum pretension Fy, by at

least 3 %

Ftp,s% Z 1.03 Fp

A — RN A BN R R P U ) Fip.soo B EE /N TS
71 Fp i 10%.
The mean value of the individual pretension Fp min from one test

series shall exceed the required minimum pretension F} by at

least 10 %

Fom > 1.10 F,

55 PR AL e ) R (T, S R T Ao R R [ BT

Criteria to avoid overtightening of the bolting assembly components up to fracture when

evaluating parameters for a torque controlled tightening method

4T

[l — R B BN R 95%HITHE ) Fipos N/ T ERAE T 2
FFTA A AR TR T T 85/ IMEL Fomin R 95%

Ftp,95%§0-95Fb,max,min
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The 95 % fractile of the individual pretension Fy, 950,0f one test
series shall be less than or equal to 95 % of the minimum value

of all Fy max values within a test series

Al — R B P AR R R TR TT Fpmax NN T BEE T R
H TR AR T T T KA Fomax ) 95%.

5T Ftp,maxso.gst,max,min

The highest individual pretension Fip, max 0f one test series shall
be less than or equal to 95 % of the minimum value of all Fy max

values within a test series

HE I R E R, e R E A R S SR

Criteria to avoid overtightening of the bolting assembly components up to fracture when

evaluating parameters for a combined tightening method

PR R 7R3 D R AR IR AR 5, R REIER
BNAIEG i1 AOc AN RIS BR B £ 72 e /N EERAE Abaimin (1] 50%

4C [The additional angle of nut rotation, beginning after the|Ag, < 0,5 ABy min
application of the tightening torque in the first step of the
combined method, shall not exceed 50 % of the minimum

required value of the angle difference A6 min

a1 P55 2] AR AU At 0 7 2 D IR A o DU 2 G Y IR A A R K [ ) A
Lo

a The limiting criteria given in this table shall ensure, that with evaluated tightening parameters,

the desired preload is applied in the bolting assembly and overtightening is prevented

N5 MEER
N.5 Inspection requirements
o A ORI I = O B E .

Inspection requirements should be defined in accordance with Annex O.
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fix O
Annex O
(LT P3)
(normative)

SRR ERR AT

Method for structural bolting inspection

0.1 iR
0.1 General

PO i = Fi i 45 My iR A B 1 L U7 i, T L8.2.4.1

Annex O provides three methods that may be used for structural bolting inspection for

pretensioned bolts. See 8.2.4.1.

7k 0.2, WFAhEEE, FT EN 1090-2:2018.
-Method 0.2, the sequential inspection method, is based on EN 1090-2:2018.

- J7i% 0.3, R AR MM AL, 2 T CSA S16-19.
- Method 0.3, the frequency inspection method based on execution level, is based on

CSA S16-19.

-Jiik 0.4, HETARS MR AT, T AISC 360-16.
- Method O.4, the task-based inspection method, is based on AISC 360-16.

e 0.2 0.4 W2 HARAE T FU AR AT ST A 22 18] G STAT A $50 R 55 2k
NOTE The contents of O.2 through O.4 do not establish any technical equivalence

between the standards and documents listed.
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0.2 JRFHBEEE

0.2 Sequential inspection method
FE: DU R SRR BOAR 5 9 A 252 T EN1090-2:2018.
NOTE The following application of the sequential method is based on EN 1090-2:2018.

0.2.1 k¥
0.2.1 Sampling

ZhR rh R B A PR A R A BB LU SR IR

The number of bolting assemblies inspected overall in a structure shall be as follows:

a) EXL2: L3R vL . HE R EVE. 1 WRa BT WL BHRGK I4RRnaik M i b
BR BRI 2, B 5%;
a) EXL2: 5 % for the second step of the torque method, combined method, spline-drive

twist-off method, DTI method, and the turn-of-nut method;

b) EXL3 M1 EXL4:

b) EXL3 and EXL4:

1) A& 5 EVE. 1858 R 3 BT Wik A R BHE RIS — B E By 5%58 — P
1124 10%:
1) 5 % for the first step and 10 % for the second step of the combined method, spline-

drive twist-off method, and turn-of-nut method;

2) AR ELARK I FR R 85 P E Dy 10%;
2) 10 % for the second step of the torque method and DTI method,

R AT AR b ke U7 20, A AR R R AR R R, B R AR N Y
RIS bR (B P FEARRIE L A gD « P AR
The inspection shall be carried out using a sequential sampling plan for a sufficient
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number of bolting assemblies until either the acceptance or the rejection conditions (or
all assemblies have been tested) for the relevant sequential type are met for the relevant

criteria. The sequential types shall be as follows:

a) EXL2 il EXL3: =0 A (LK 0.2);
a) EXL2 and EXL3: sequential type A (see Figure O.2);

b) EXL4: 770 B (JLE 0O.3).
b) EXLA4: sequential type B (see Figure O.3).

IARAEA U730 A BRIk IR 45 RO A &g, AT #607 3 B.
If the result of inspection when using a sequential type A is rejection, the inspection

may be enlarged to the sequential type B.

WRK B SR A A%, s Z50ke: 20 AR 7 4L i P A IR AR SR R, DR EAT R
NG TR .

If the inspection indicates rejection, all the bolting assemblies in the bolt subgroup shall
be checked, corrective actions shall be taken, and after completion re-inspection is

required.

0.2.2 JRFHRE

0.2.2 Sequential inspection

WP SRR GRS 1SO 2859-5 HIRIN,  H MR MRYE I & 45 Rz D i A A .
The sequential method for bolting assembly inspection shall be carried out in
accordance with the principles in ISO 2859-5, the purpose of which being to give rules

based on progressive determination of inspection results.

ISO 2859-5 $ AL T PRIl 75 BUEEAMEME, BIRE T iR
PR FIAS S o
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ISO 2859-5 gives two methods for establishing sequential sampling plans: the
numerical method and the graphic method. The graphic method is applied for bolting

assembly inspection.

FEEfET LK 0.1 , MRS 5l arREMAEE, ARG G
FARR AR S ) B
In the graphic method (see Figure O.1) the horizontal axis is the number of bolting

assemblies inspected and the vertical axis the number of defective bolting assemblies.

B EZoE 7 =AXKEE S IFRIXAREX .. RERELIRL TR E
X, Ao A gk sl B R A A5 RAL TAE A% X BIE I X o BE A% XA U /52—
Akt a, .

The lines on the graph define three zones: the acceptance zone, the rejection zone and
the indecision zone. As long as the inspection result is in the indecision zone the
inspection is continued until the cumulative plot emerges into either the acceptance
zone or the rejection zone. Acceptance means that no further sample inspection is

required. Two examples are given below.

4
R
: 1
// I,
// ! A
Y 2 | /
1 /
— L
L ! 2 L1
| ,/ //
IRERE 11 13
, ; //
’ L1

0 >
o1 2 3 4 5 6 7 8 91011 12 13 14 15 1617

H:
Key
EUX (R) X Z 50 IR R R R
1 rejection zone (R) number of bolting assemblies inspected
RAEX Y A SREE R AR e R
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2 indecision zone number of defective bolting assemblies
HIIX (A)

3 acceptance zone (A)

25451

EXAMPLES

M2 5 AT 8 MEMERLRFAAEGRIG. A% ESBETERL, i
LERNEIE.

Dotted line  The 4th and 8th bolting assemblies were found defective. Inspection was
continued until crossing the vertical curtailment line. The result is "acceptance".

5457 552 56 ANEE 12 MRREER AR ERE . B R E XHEAJEIRIX,
(TRERE S ey [

Dashed line ~ The 2nd, 6th and 12th bolting assemblies were found defective. Exit

from the indecision zone is into the rejection zone. The result is "rejection”.

B 0.1 - F5IRELH)
Figure O.1 — Example of sequential inspection diagram
0.23 MH
0.2.3 Application
FP AR AT O.2) R 51127 B(E O.3)HI R 5 EA 4 h
Sequential type A (Figure O.2) and sequential type B (Figure O.3) apply as relevant.

a) JFHIRAA:
a) Sequential type A:

AR b E A N DR 5

minimum number of bolting assemblies to be inspected: 5;

AR ke E A R KB 6.

maximum number of bolting assemblies to be inspected: 16.
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X ZHEREEERRECE

X number of fasteners inspected

Y ARG AR A R B AR

Y number of defective fasteners
BlO.2 - FFIREA
Figure O.2 — Sequential type A diagram
b) JFHIZEA B:

b) Sequential type B:

R AIEARIE R R R NG 14,

minimum number of bolting assemblies to be inspected: 14;
R A MEARIE R R R KR 40,

maximum number of bolting assemblies to be inspected: 40.

L1
//

//

0 2 4 6 8§ 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

X
i
Key
X  ZHRENREERESE
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X number of bolting assemblies inspected
AR B RR R R B B
Y number of defective bolting assemblies

& 0.3 - F3IKEB
Figure O.3 — Sequential type B diagram

=

0.3 ETHATRFIFIPMERETE

0.3 Frequency inspection method based on execution level
e LUR A&7k EE T CSA S16-19.

NOTE The following system is based on CSA S16-19.
=R AR N AE SR O 1 Fr et 4T .

Third-party inspections should be carried out at frequencies listed in Table O.1.

R 0.1 - E T THEEHIRRERREIIK

Table O.1 — Frequency of bolting inspection based on execution level

HILER

Execution level

R
Category

EXL1 EXL2 EXL3 EXL4

I #/E

Shop inspections

OPT OPT*? Y Y

XTI B M PUR IR, s

IRRE ) 2T R A RS AR, R A IR T
AN :_EY

5 | Hf OPT 10% 20% 20%

For slip-resistant and pretensioned joints,

bolt inspection by witnessing installation

during pretensioning of bolting assemblies

WM& C 58 T HARFIASTHIUIEFE M TR
BRARIERE, AR ZRRE

Visual bolt and connection inspection of

S2 OPT 10% 50% 50%

completed slip-resistant and pretensioned
joints not included in S1, in the as-

installed condition
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S 8 ) AR TR R AR 1, R AT 0
R ZRRAS

S3 | Visual bolt and connection inspection of OPT 10% 50% 50%
completed non-pretensioned joints, in the

asinstalled condition

gk Eb

Site inspections®

OPT Y Y Y

PR RETIRTE B2 RTINS CE 7B HBURIE S
IRRE R 2T BB AR AE, KA IR T
L‘:_EY

pr | PO OPT 10% 20% 20%
For slip-resistant or pretensioned joints,

bolt inspection by witnessing installation

during pretensioning of bolting assemblies

WM& C 5 T HARFIAFLRIUIEFE M TR
IRARIERE, AR ZRORE

Visual bolt and connection inspection of

F2 OPT 10% 50% 50%

completed slip-resistant and pretensioned
joints not included in F1, in the as-

installed condition

S8 A AR TR R AR 1, R AU
R ZRRAS

F3 | Visual bolt and connection inspection of OPT 10% 50% 50%
completed non-pretensioned joints, in the

as installed condition

OPT ~{ERH

OPT ~ Optional

Y — WU

Y — Yes, recommended

T E o A BN EE

Where a percentage is shown, it is the minimum recommended. -

a  EXL2H) L) A E2EEN, ERMAREMEMN T ah, WRPFH R E oy
WE

a Shop inspection for EXL2 is optional; however, if it is specified, then the percentages listed

are recommended values.
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b W RARE T T Mgk A, R E RS T .
b  If both shop and site inspections are specified, inspection shall be done at either the shop or at

the site.

0.4 ETHEFHIMEE

0.4 Task-based inspection method

T UM RS EJTEEE T AISC 360-16.

NOTE The following system of inspection tasks is based on AISC 360-16.

WG AR AR A R A U P R ROA R R A1 202 B & A S B
ITRE ) E T

Observation of bolting operations shall be the primary method used to confirm that the
materials, procedures and workmanship incorporated in construction are in

conformance with this document and the execution specification.

(a) XFFARTIRERL, 3£ 0.2 4 H M S as A T i S ik ds AL R 0.3 F1HE Y
AR M AR NE I A E T o R 2R AR TR IR AR JERR I, i 7 A iR A A
A AR SRR RS & S

(a) For non-pretensioned joints, observation or performance of pre-installation
verification testing as listed in Table O.2, and monitoring of the installation procedures
as listed in Table O.3, are not applicable. The constructor's bolting inspector and other
bolting inspectors need not be present during the installation of fasteners in non-

pretensioned joints.

(b) X FHURMGUE LS, 22 N A e iR BRI sy e A e A ik
ELAR K SRR SR B E B R B B Wk i, X EAR UK R A AR AT AR O3
RIS o 22BN G A TR £ 05 30 2 R WA IS, it T S 7 AR AR AL A 57 AR Al
LY e L RENAD/ SR 7

(b) For pretensioned joints and slip-resistant joints, when the installer is using a turn-

]

of-nut or combined method with location marks, the direct tension indicator method, or

the spline-drive twist-off bolt method, monitoring of bolt pretensioning procedures
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shall be as specified in Table O.3. The constructor's bolting inspector and other bolting
inspectors need not be present during the installation of bolting assemblies when these

methods are used by the installer.

() X FHURAPUHFESL, 2R N DA EE AR 0 A e R BHE B & 5%
ik, KA R EAR, IR TR SRR RN AT &R 03 MME. &
RN G FH IR BE T VN, it T B ) R G A G R A M R A B AR AR
LA B JEAT L E BRSBTS

(c) For pretensioned joints and slip-resistant joints, when the installer is using a turn-
of-nut or combined method without location marks, or a torque control method,
monitoring of bolt pretensioning procedures shall be as specified in Table O.3. The
constructor's bolting inspector and other bolting inspectors shall be engaged in their
assigned inspection duties during installation of bolting assemblies when these methods

are used by the installer.

IEAEBAT BT S B D NFER 0.2 03 1 0.4 IR, fEIXERT, KA
SR
As a minimum, bolting inspection tasks shall be in accordance with Tables 0.2, O.3

and O.4. In these tables, the inspection tasks are as follows:

— WE(O): R A NP WEGX LT H ,  H ALK 1A A 75 280 e TR
— Observe (O): The inspector shall observe these items on a random basis. Operations

need not be delayed pending these inspections.

— $AT(P): R A IRRER,

— Perform (P): These tasks shall be performed for each bolted connection.
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X 0.2 - BREZEMHREES
Table O.2 — Inspection tasks prior to bolting installation

R RARETE LB E Hftiie &
Inspection tasks prior to bolting installation Constructor's |Inspection
inspection by others
WIS R IR At B M ERAILLE o 5
Manufacturer’s certifications available for fastener materials
ERENIZRS. 2. 11 HUESRC o o
Packaging labelled in accordance with 5.2.11
WA B AR IR AR SR B RARIE
Bolting components marked in accordance with product ©) o)
standards or specified requirements
AR A A R S = )
Protected storage provided for bolting assemblies and bolting 0 o)
components
EEERNBREREYT (WFR. XEB. WREEAEHTIF
ER, NEEERKE) o o
Correct fasteners selected for the joint detail (e.g. grade, type,
bolt length if threads are to be excluded from shear plane)
1L 3% IE# A9 B4 2 I o o
Correct bolting procedure selected for joint detail
EEAFHEERER S1I0EYN0EMENERIURR
Connecting elements, including the appropriate faying surface 0 o
condition and hole preparation, meet applicable requirements
HEREAURZREAREANZREGRRIMETR
Pre-installation verification testing by installation personnel
observed and documented for bolting assemblies and P o)
pretensioning methods used
& 0.3 - BRI KA T
Table O.3 — Inspection tasks during bolting installation
SRR RO E T WIstm® | Heww
Inspection tasks during bolting installation Constructor’s | Inspection
inspection by others
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BRFNERILE EORERNEZRENEY

Bolting assemblies placed in all holes and washers and nuts o) o

are positioned as required

ERER Y REEEE

Joint brought to the snug-tight condition prior to the pretensioning o) o

operation

RERRF ek B A THE)

Bolting component not turned by the wrench prevented from o) o

rotating

HIRBERTEMRN M~ e B BIAE FiteT

Bolting assemblies are pretensioned in accordance with the 0 o

method specified, progressing systematically from the most rigid

point toward the free edges

K 0.4 - BREZRFHRAETIE
Table O.4 — Inspection tasks after bolting installation

e 2 R E T BLEfieE Hftiie &

Inspection tasks after bolting installation Constructor's Inspection
inspection by others

LR BERERSENEITE 5 .

Document conformity or nonconformity of bolted connections-
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fitx P
Annex P
(IR B %)
(normative)

REHEIEB RH

Test to determine slip factor

P1 —f&HE

P.1 General

B H R fr e R AL EE GREF W ARIRED KIPUEE R

The purpose of this test is to determine the slip factor for a particular surface treatment,

often involving a surface coating.

IS B R0 OR 75 18 B R AT A LA IR AR AR I .
The test procedure is intended to ensure that account is taken of the possibility of creep

deformation of the connection.

TR R AR TG 45 R A I A B 20 5 il sl — BUr A 2.
The validity of the test results for coated surfaces is limited to cases where all significant

variables are similar to those of the test specimens.

P2 EELE

P.2 Significant variables
WL R EESHAT

The following variables shall be taken as significant on the test results:
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a) TRJZ MR

a) the composition of the coating;

b) ZJZiRERIEMANE ZLHRFLL, W P3;

b) the surface treatment and treatment of primary layers in case of multi-layer systems,

see P.3;

o) IERKNIERE, W P3;

c¢) the maximum thickness of the coating, see P.3;

d) [t R,

d) the curing parameters;

e) WRFEEREZE K, L P.6.

e) the property class of the bolt, see P.6.

f) P R AR

f) number and configuration of washers;

g) BRI -
g) grade of steel plates

h) 7 T SR AR AT TR -5 X5 S Jta N i 28 - 1) 11 i /I B ) ] B

P.3 i
P.3 Test specimens
AR RS PR E P TR

The test specimens shall conform to the dimensional details shown in Figure P.1.

IR RLFF & 1SO17607-2 H R € i) JE AR 7E 350MPa 2 700MPa 2 [8] AT = 4N
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L5 o

The steel material shall conform to any structural steel listed in ISO 17607-2 between
350 MPa and 700 MPa minimum specified yield strength, inclusive.

N T B DRI 32 ) Y R N JE AN B0 )R BE AR TR] S S DA — it o B L 3% 8 0) 31
PHER A AN, T AR N A dR o B 3ET 2%

To ensure that the two inner plates have the same thickness, they shall be produced by
cutting them consecutively from the same piece of material and assembled in their
original relative positions.

WA IL G NASRADIE], DR ASRE MR 2 1A) 32 fi . D EIARAS A 250755, AT
TRAESZ 7.4 TR IEARE I, Ab3 S BT BEE IG5

The plates shall have accurately cut edges that do not interfere with contact between
the plate surfaces. They shall be sufficiently flat to permit the prepared surfaces to be

in contact when the bolts have been pretensioned in accordance with 7.4.

LEDANE PN

’—;A ‘
Féi

\—‘A | —02(’)10_ LA |

a) FLAEN 22mm K M20 M2 ZE R E b) LN 18mm K M16 #2 44 iEFEE

20

1
40
w
ﬂg /.—
4\_.%
a, b ¢
>
30

b ©

30 |, 35 J, 35
100

35

ar. bz\ Ca
100
as.

A-A

20{ 40 l 40

a) M20 bolts in 22 mm hole diameter b) M16 bolts in 18 mm hole diameter

Key

S1 eI 1
S1 Slip plane 1
S2 s 2
S2  Slip plane 2

EP.1-H1 18 5 2 B0l 5 K 1 A A

Figure P.1 — Compression type test specimens for static slip factor test
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e Be i A% b R 3R T AR BT R 2 07 AT & PO A F B o iR R Ak ok T
(RI~P 20 2 I P 2 2 L 5 ) P I 1) 44 SR R 25% o

The surface treatment and coating to be tested shall be applied to the contact surfaces
of the test specimens in a manner consistent with the intended structural application.
The mean coating thickness on the contact surface of the test specimens shall be at least

25 % thicker than the nominal thickness specified for use in the structure.

S22 CL AT B BB 138 SE R TP g sk AL AR
The curing procedure shall be documented, either by reference to published

recommendations or by description of the actual procedure.

U LHAERT, IR DRIR A 52 707 1) 5 1t 70 7 TR AR S
The specimens shall be assembled such that the bolts are bearing in the opposite

direction to the applied tension.

BT R L RALI 1.2 IR (UM

The time interval (in hours) between coating and testing shall be recorded.

MR MR L RT AMPERE SR 2, TR IRk EE TR 7T Fp,C [11£5%.
The bolts shall be tightened to within = 5 % of the specified pretension, Fp,C, for the

size and property class of the bolt used.

WA T 77 LA FH RS P2 4% 1 v 2 B &
The pretension in the bolts shall be directly measured with equipment that is accurate

to + 4 %.

A AL SRR TR IR ] AR, DR BCE — B R g I TR G T
LR
If it is required to estimate bolt pretension losses over time, the test specimens may be
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left for a specified period at the end of which the pretensions may be again measured.

6 AT 6 50 B RS A R AR TR T, e B EERT IR TR Ty, AR
R£5%
The bolt pretensions in each test specimen shall be measured just prior to testing and,

if necessary, the bolts shall be retightened to the required + 5 % accuracy.

H B P2 AT iR A e ) 2 P B A S IR B — A B R R A
NOTE The tension-type test specimen for creep test as shown in Figure P.2 is an

alternative test setup for static test.

P4 PR RBAILRE S 4 R

P.4 Slip test procedure and evaluation of results

BI5GB PAIEH R YA AT IS CGlIRHF 4RI a1 Z0 08 10 & 15 73
B o PRI N AR IR TP AT, R IO SR B AR R

Initially, in a first step, four static tests shall be tested in compression at normal speed
(duration of test approximately 10 min to 15 min). The specimens shall be tested in a

universal testing machine. The loadslip relationship shall be recorded.

Xf EE P P2 B i, DRUERE R B i AR A AR, T i I a6 2 &
R E AT ITFE R AR

Initially, in a first step, four static tests shall be tested in compression at normal speed
(duration of test approximately 10 min to 15 min). The specimens shall be tested in a

universal testing machine. The loadslip relationship shall be recorded.

S, B AN B AR 6 B AT S

In the second step, the fifth test specimen shall be tested in tension in a creep test.
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a) L2 A22mm I M20 #2 44 % Bz E b) L& N 18mmIKIM 16 E 2% HE |

a) M20 bolts in 22 mm hole diameter b) M16 bolts in 18 mm hole diameter

H:

Key

1 Wl (KEE) S1 JE#eim 1
specimen (in gray) slip plane 1

2 ORERE B MR TE RS N A T A S2 W% 2
loose bolt slip plane 2

B P.2 iR B

Figure P.2 — Tension-type test specimen for creep test

WA AN W 1 AERE 2, & Pl PR,

In a test specimen, two slip planes exist: slip planes 1 and 2 according to Figure P.1.

ERERNEMR (B P1AE b MANEHR (BIP1AZE aflc) EMKALE
Ay B FH 7 18] _E AR RS o WA PR 79 S AT A 32 2 9 1A T 00

The slip shall be taken as the relative displacement between adjacent points on an inner
plate (position b, Figure P.1) and a cover plate (positions a and c, Figure P.1), in the

direction of the applied load. The slip displacement shall be measured on both sides of
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the specimen.

FEEMIE 1 A 2 B AR R A SRR, ORISR AP i
ERE, AT HIRNE T R EiEEE.

Slip occurs in a failure mode of combination of slip in slip planes 1 and 2. The slip must
be evaluated according to this failure mode, so that finally one mean slip value shall be
determined on the basis of two measured displacements.

AN ERR P 8 Fsi € XONTERIEE] 0.15mm RFRIFRIATE, BB TERIE
2 0.15mm BIALFIR A ATE,  HAR I P.3 (K47 8- 1A% & o

The individual slip load for a connection, Fs;, is defined as the load at 0,15 mm
displacement or at the peak load before 0,15 mm displacement according to the load-

displacement diagram as given in Figure P.3.

YA

0 0.15 0.3 X
VE:
Key
I PR AT EONIE AR 0.15mm HiIE X WA (mm)
(R4 slip displacement (mm)

Slip load is the peak load before slip of

0,15 mm
I HUEBAEONE AR 0.15mm Akl Y PUHEF Aur
T LI ()T K load

Slip load is load at sudden slip before 0,15

mm
I SUiEB e B IA S 0.15mm I H773
Slip load is the load at slip of 0,15 mm.

B P3 - ARAMER-BBTATHEBABRL E X
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Figure P.3 — Definition of the slip load for different load-displacement

behaviour

55 AN A TR A2 A 28N HIT DY AN AT T A far BB\ A DU 1ar B0
FEMED Fsm 1 90%.
The fifth test specimen shall be loaded with a specific load of 90 % of the mean slip
load Fsm from the first four specimens (i.e. the mean of eight values).
A SR TSN 4= B T A% far B L B R A = N Rl sk g S (RIE
A2 D Z A 0.002 =K, WSS NI RIPTE A fr BN 5 DY ANl
FE . R AERT RIS 0.002mm, W NARYE P.5 HEAT LB MHHE AR5 .
If for the fifth specimen the delayed slip, i.e. difference between the recorded slip at
five minutes and at three hours after the application of the full load does not exceed
0,002 mm the slip loads for the fifth test specimen shall be determined as for the first
four. If the delayed slip exceeds 0,002 mm extended creep tests shall be carried out in
accordance with P.5.
A s A EAARE) 10 DMPUE R BAE RIARHEZ ses BT XIME AT 8%, TRt
AT A B . AR CEFE AT TR ROARYE DL 26 -
If the standard deviation sgs of the ten values (obtained from the five test specimens)
for the slip load exceeds 8 % of the mean value, additional specimens shall be tested.
The total number of test specimens (including the first five) shall be determined from:

n>(s/3.5)° (P.1)
Horpr:
where
n RIS
n 1s the number of test specimens;
s BB CEMED SORBRRINRESsr, R TSR H B
NS = e v
s is the standard deviation srs for the slip load from the first five specimens (ten

values) expressed as a percentage of the mean slip load value.
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P.5 EINERZR K IR R I fh

P.5 Extended creep test procedure and evaluation

MR P.4 52T I8 I AR 6 iy 7 28 k6 =l o 16 I A5 iz e R sl
I R S T AR A o 22 A PR R B i B B T 20 A o g R SR 48 P S v 1k
SEG, BN 12.9 HERFISEPIRI AL, ERVERI W P4 AR IERE B R T U
A A R 52 e B [ o

If it is necessary to carry out extended creep tests, following P.4 at least three test
specimens shall be tested. Tension-type test specimens shall be used in these tests. The
specimens can be linked as a single chain-like arrangement using loose bolting
assemblies, preferably with higher property class, for instance class 12.9 or equivalent
tensile strength, see Figure P.4. Assembling the specimens like a chain means that the

same load will be applied to all specimens.
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| i_
I N Aﬂ/: " Tg.i £ I |
s A @r 1

-------- b N S

o
i

S J

_._@_.

TN w10

- D - ii
I S M)

197



Key
1 RERE H iR 3 a2

Loose bolt Second specimen
2 iR 4 w3

First specimen Third specimen

& P.4 B IRA A R E

Figure P.4 — Test setup for extended creep tests with linked specimens

oA R B 25 B8 P4 7 v g A & SR 0 100 AR X% 285 SR R A 2o
A specific load shall be applied to the test specimen whose value shall be determined
to account both for the result of the creep test carried out in P.4 and for the results of all

preceding extended creep tests.

it I 254 N P R U A AR O B ) er A, G R R T AR BT O R E S, AR
Pa I D JtIn -5 1% 28R Ui 1% 2500 B A7 4o

A load corresponding to the slip factor proposed for use in the structural application
may be adopted. If the surface treatment is to belong to a specified class, a load
corresponding to the slip factor for that class may be taken in accordance with Annex

D.

gt B RS-0 BT I 28 CILEI RS, E AR @ W i B R A i
Mo tar B AE S M et A3 am UIE) CBRARBUAT IVERe e, SNt ekl 50
) PERTEEAKRT 0.3mm. “RLAE-XFEO [a] i 28 W] 2R RS i 0 D)2k 11
NIREATE AR A

A “displacement - log time” curve shall be plotted (see Figure P.5) to demonstrate that
the load determined using the proposed slip factor will not cause displacements greater
than 0,3 mm during the design life of the structure, taken as 50 years unless otherwise
specified in the execution specification. The “displacement - log time curve” may be

extrapolated linearly as soon as the tangent can be determined with sufficient accuracy.
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Yt 300pm . .
3> - e
2 i
— E
Lcl)g £ Llog t Log'tLd X
TE:
Key
S BB IEY I 7 thd  SER BT AR
Passed extended creep test Design life of structure
PR bR EY I tl GG LA R R A5 N (]
Passed extended creep test Minimum duration for test 1
30 R AR 2 IR 2 A AR 5 B (]
Extended creep test is not passed Minimum duration for test 2
X RO T
log (time)
Y  EBARE

slip displacement
B P.5 — F 380 i iR 2216 R AL A8 -oF B[R] il 2R 5 AT 38 Hin iR 2R i 5

Figure P.5 — Use of the displacement-log time curve for extended creep test
P6 RKER
P.6 Test results
FANMZRE P A R BB E AT

Individual slip factor values are determined as follows:
F

Si

4F

p.C
PUE AT B P SIME Fom AAREZE ses TR IR -
The slip load mean value Fsn and its standard deviation srs are determined as follows:

o XA

n

= (P.2)

(P.3)

%zﬁﬁ;&i (P.4)

: n—1
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U R BT I pom RARHEZE 5 THHEITEDTT -

The slip factor mean value um and its standard deviation s, are determined as follows:

= z—" (P.5)
5, = —(“i_”lm)z (P.6)

PUE M R E u RS IEAE RN BAR KT 75% 0 1) 5% 70 A 20 fE

The characteristic value of the slip factor shall be taken as the 5 % fractile value with a
confidence level of 75 %.

X5 MR 5 ME (n=5) , FHEEPTBCFERE 2.46 EIbRME
.

For five values, n = 5, from five specimens, the characteristic value may be taken as the
mean value minus 2.46 times the standard deviation.

FRAE TR EHEATIB N ARG AZ GG, I DU A2 2R Bobr A AN 55 T AR
Unless extended creep testing is required, the nominal slip factor shall be taken equal
to its characteristic value.

BEAT 1B NG AR IRIR I, PO 5 R AR A RO O RIE (0GR SR, W, P.5 e
If extended creep testing is required, the nominal slip factor may be taken as the value
demonstrated to satisfy the specified creep limit, see P.5.

fEHT 10.9 ZBl[AISEHTHL o B AR AR i E AT A2 R B T 1 8.8 sl <54
o S5 A MRS

Slip factors determined using bolts of property class 10.9 or equivalent tensile strength

may also be used for bolts property class 8.8 or equivalent tensile strength.

o, AT 8.8 ZE RS pihy o B IR A HEAT HMIG . {H 8.8 JiEk[FI SR
5 5 HRREAE T A8 RO DT A8 R BOANE LT 10.9 Z0B[R) S5 i o B2 iR A

Alternatively, separate tests may be carried out for bolts of property class 8.8 or
equivalent tensile strength. Slip factors determined using bolts property class 8.8 or
equivalent tensile strength shall not be assumed valid for bolts of property class 10.9 or

equivalent tensile strength.
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fH+ Q
Annex Q

(BRI B 3%)
(informative)

SRR TR A1 R I

Test to determine loss of pretension

Q1 —fHE

Q.1 General

iU AEARE S A AN R T AUEAT DR OR 9, 0 PSR AR AN (0 PR 2 B
JE & IR RGR T K B R R S5 B R et A (544 S/ NI A R R S B T
B SSHRBOY N TR iR R LRI s, VR 7.7 .

Steel surfaces of pretensioned bolted connections must generally be protected against
corrosion. The suitability of the selected protective coatings or coating systems in
pretensioned bolted connections depends on the extent of the possible system reserves
due to the tightening procedure (the actual pretension level in relation to the nominal
minimum pretensioning force), pretension losses over the service life of a structure, but

also on the target of pretensioning, see 7.7.

e ERAAEREE LMD sUFREEHRE LI MD KRR, W&
Gift % BN 30% (1.3 54 U/ E 1) o

NOTE If tightening is carried out by the combined method (see Annex J) or turn-of-nut
method (see Annex M), a system reserve of 30 % (1,3 x nominal minimum pretension)

can be expected.

TR IR, WAk R 2 BB 100pm 8 57 AL iR AR AR 4
%, NAR BT WK, BRI Q.2 Y.

For pretensioned bolted connections, contact surfaces on which the coatings applied to
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each surface are thicker than 100 um or consist of a particularly creep-prone material,

the potential loss of pretension should be checked. A procedure is provided in Q.2.

A GRIG Y H YRR TR IR SRR iR SRV IR I AR, 158 1 H A
e VPR IR R A% 1L BE 5 R B

The purpose of this test procedure is to relate the loss of pretension to the maximum
permitted thickness of coating layers. It is not the purpose of the test to assess this effect
on the friction coefficient of coatings on the faying surfaces of slip-resistant

connections.

IR 45 R OGE I T P A7 B 2 A B 5k G iR LR 1 O, il 2 R AL &
S ARSI

The validity of the test results is limited to cases where all significant variables are
similar to those of the test specimens. The following variables shall be taken as

significant on the test results:

a) IREMEHLK;

a) the composition of the coating;

b) KA k2 Rk Z A EIE I,

b) the surface treatment and treatment of primary layers in case of multi-layer systems;

) WERKEE,

c) the maximum thickness of the coating;

d) RZECERE SR IRTRZ 5 5 R 2 18] ) foc R I 18] 18] B
d) the curing procedure and the minimum time interval between application of the

coating and the tightening of the connection;
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e) MEFESEL;
e) the property class of the bolt;
) HEHE AR T

f) number and configuration of washers.

0 T A T ) 3 T Ak BN R 22 0 AT 5 4 A N FH T, [R] N i 4 f T
S B R P AT R R 2 IR o oA T R N T 2 AT R S U i SE B
A R 7 Al R

The surface treatment and coating to be tested shall be applied to the contact surfaces
of the test specimens in a manner consistent with the intended structural application.
The actual surface roughness and the dry coating thickness should be documented. The
curing procedure shall be documented, either by reference to published

recommendations or by description of the actual procedure.

Q.2 W

Q.2 Test procedure

NIRRT AT AR 58 R 2 g U AR AR AR A Sth e RS TR A0

The following test procedure can be used for determining of pretension losses due to

setting effects, creep and relaxation:

a)fgltun, 5 A 2 B 300 mmx150mm>8mm Al 1 3 300mm>150 mmx*16 mm
FERBR 2 A, I 1 B 8 N B4R 18mm gkl (WK Q.1 X1 LATTE
PRARZ ik 1 26 1 AR 305 4 R A (3] ) S99 P s X2

a) As an example, the test specimens can consist of 2 plies 300 mm x 150 mm X 8§ mm
and 1 ply 300 mm x 150 mm x 16 mm with 8§ holes of 18 mm diameter (see Figure
Q.1). The test specimen geometries and the corresponding surface condition may differ

with regard to the intended use in the structure.

b)EEAN IR IR 2 N AR A _E U R
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b) Every test ply shall be coated with the coating system on both sides;

C) A5 JEAARAL T\ T B M6 X 60mm B /MR RE /4 B 4 A i AT — e

c) The plies should be fastened together using eight preloaded M16 x 60 mm
bolt/nut/washer assemblies;

d) FERERYER T L I, Ko LE M A E s e /;

d) The bolting assemblies should be pretensioned according to the relevant method
given in Annexes [, J, K, L or M;

e) BRREFITIER S NAE RS BE N £ 4% R B & BRI & . NAER D 14 RNESHD
SRR SR, DMEZ] “ TR Sy k- R Hunt (7] 7 2k, bl 5 i 2tk A
T E AR TURAE I A dr (LB Q.2)

e) The pretension in the bolts shall be directly measured with equipment that is accurate
to = 4 %. The loss of pretension should be recorded continuously over a period of at
least 14 days so that a "loss of pretension-log time" curve can be determined with
subsequent linear extrapolation to the intended service life of the structure (see Figure
Q.2).

T SEARRE R, AR B R R AR XK 5 sl LA (29 3 B IR,
IRRE TR Y i e o IR R BRI R o IR0t T [l R R B B R BR AR T I R
MIRGUR E B e L 3B, JFARE e BRI hA <. Bk, TR i
R AL I R IRAR R AU R PR A 2K

NOTE After tightening of the bolts, a considerable drop in the measured pretension
curve between the maximum peak and the first few seconds (about 3 seconds) after the
tightening can be observed. This drop is not entirely related to relaxation behaviour of
the bolted assemblies, as this phenomenon can be explained by turning back of the nut
and elastic recovery of the bolt threads when the wrench is removed. For this reason,
these recovery losses should not be considered as a loss of pretension.

TRAF I TG0 25

The test results should be documented.

205



37 50, 75.00 75 00 47500 ,37.50

66##'_.
© 00 0

A Q.1 RK A2 B

Figure Q.1 — Example of test specimen

A
Y )
i
1
—’:
2 >——'——— i
_—"——‘ 1
1 . :
1 1
1 1
1 1
1 1
1 1 »
log?, logt X
H:
Key
1 SEEHRE e AR
Measurement data Design life of structure
2 SR R M A MR tiaa IR R 7]
Linear extrapolation of measurement data Minimum duration of the test
X XSO T A
time (log time)
Y R

loss of pretension
Q.27 FA TR J7 458 5% - 5 bt [ oy 2R 78 TR Bt 2k

Figure Q.2 — Use of the loss of pretension-log time curve for determination of

the loss of pretension
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