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AISC
ANSI
ASME
ASTM
AWS
Ceq
DFT
DTI
FCMs
HAZ
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HPS
HRC
HTB
ISO
JHBS
JIS

JRA

ABBREVIATIONS

American Association of State Highway and Transportation Officials
American Institute of Steel Construction
American National Standards Institute
American Society of Mechanical Engineers
American Society for Testing and and Materials
American Welding Society

Carbon equivalent

Dry Film Thickness

Direct Tension Indicator

Fracture Control Members

Heat Affected Zone

In low hydrogen covered arc welding

Amount of diffusible hydrogen in deposited metal (HD) in low
hydrogen covered arc welding, or in submerged arc welding and gas-

shield arc metal welding

High Performance Steel

Rockwell Hardness

High Tension Bolt

International Organization for Standardization
Japan Highway Bridge Standard

Japanese Industrial Standards

Japan Road Association
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()Qe(fojéﬁ gil ecﬁo% ODéGC\{I’SODé §é:m§:qp:[§cf oogeao:qeén

() méeaoo&iﬁac%&p BOINDB?S VAW o.?g\;oaé material Gaeﬁ[:sam:or%sgeoT <fgooee

J)

C C C C O C < < (o} cre <
o>a:o>o:§| 6320050 2|0 (0) @ (@) I2ORC:q| POG:q$ IR eg:qoo[g:e@oo
< < c ¢ < C C < C < C [o XY C C"l [o XY
0OPOIGRODMY CPOC PO OIHOD @g@:q_po §p0:C0L:QMP: 30)C: CPOGIOICOIM F203

[0} < < <

(@) o} G[;)co@eooogo? 0R30§epOlI
(@) ogé:qp: (Materials) (j) Bolt, arc Stud dowel (3) oew (0eVOE2:I

C < C C C < oc

0GLIOMOPRI:Q:! oeooeooo@cu 0GUIOMCDD:VRIROC:  (G) Member qps!
3980539(%5:%0: (bearing, expansion joint, drainage appliance omJé) (5) Member gp:

Og(ﬁ_lﬁfl ods0é[aé: 0802]3? ©) obeauz.?é: Lﬂ(TSO%:ﬁGCﬂ’SI cﬁ(ﬁm:ﬁacug oooogoS@cczz Q)

S0l °eoooo§[§§: (field joint, size at the time of erection oo:)é) (®) @5:@5:

((eégorgl m:@éoéeqpé:qul @ézaézmeqpoaogﬁ ef$m$or%cq|[§c°:: @ sg[gg):oaog[éézu

9 °39@og: 08$:085:ﬁ (Quality Control) :390305 emcﬁe@%@cﬂ oo%eao:@é:o% 3

g

< < c o¢ < < < <
U)&G&)ﬁ)mﬁ 39@(30?02 %C G&)’DC&(’D&I@&II

0303903@30§:ooo:03é araqésraeogzl gézeoooéqéqp:?é: oi(ﬁéeagoé Products gp:30:

C C c 0o [o] C <
o?oocx?oooo:@c: §)! ©§| 0060268

(N C ¢c ¢ O C C N (N C C C N
02POGIODMIEGE): CQOC§OD oamcfm[c:)go§:ooo:eoao §posc0e: (method) qp:@g QQ0G300CH
[o] [o} C <
§! ©§) ©060:6$

C C C . . o} < ° < N ¢ ¢

gﬁc@@pogc e@o@e&n ©0680:64): (Inspection) 8PP0 03070:0IPIGIDMIEE: C\?oc.%:ozﬁ

< < < < Q < g < NI <(Q
Constructor OD@ :3961@39808: ODODGm:q:?GQC\BCJ:O GSOOCQ_(‘D&IOO@ C\?OC@: @0[9“
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228530:[8§ oopSesoncSeq: 8603§:eh Constructor o 88 sogepeagpod crSeaondaoops
opScdip qpipgéiclarpn

g)304:03¢ Go3[gRea opicgigl odesien: P> 0) §¢ J) 0F$0d 06907
6g:qoS oS 0opSes0008g S3Eep 200553 oS! material sadj:z00: 0295503 36T
@00l eg:qoSarSSlarpSt Bepogs 6c3:80lo3 edesorg (Inspection) s0:qSeogicoqs
020§ c00e(T308 08ea0:¢ 32(038 32eqERoR0503 cooqpgn 03:00: 205605 ESlrESH

oc%ara@é 030305905000:0083 @5@@0:q§3@q<‘f3 (Standard Inspection Item) qp:ogé

oooogooéaoé[éé: (Temporary Assembly Item) esauogo?f ooéogé:ec\??lo']ooéu o%eoyg

<

qé: Temporary Assembly sf’eoaécfo o?orgc\?f)ﬁ ooomsfaorgéz o%eu?o') lop) °eaooor3§f
< (] < < C(Q. 9 < ° o o o C < < o C (o]
020003203C: c\?eraoo']oo eaoomo?o[g:oaza)@ 05022:00F20)C: 0D00CH CEP 0OYQ
(Assembly precision) cf’e oo%eao:%éq§ qégcﬁql(rg@é @Lc\?ﬁ@é:o% a?ec\%ooéu egooogﬁ
(*] < < < o C (o] . N Q O ’] O
QQ320600 00030CEH CEP 0X0g (precision) g0 eooqp[g:ooo: 0l Qﬁmgpcrf
q|$a?8$50103é|| on%e@;é Qﬁ Manual ogé qé: o>o°>eao:qeé esauogo?f member/ assembly

precision 03 e@oé:c\\)ooo:(ﬂoaéu
(Q) Material Inspection

< o ¢ < C o . C Co C C @ Co
O0§CO{OD0VP FPCY0Q 390> (mill orders) qp:s¢ 3OO ©S:200¢ IBOECIGIQ:
(Certified mill test reports) q_p:or% sraéqlégwo 060?3 8%9" ooo%o} eo:cogqeéu Mill test report

[N C ¢ < ° < (e C Q < oC
qPig CQOCc§:0pC sgo?:@leg steel sﬁsgcle 020q||:q|C:OIPOROD  0PEV3  WCEP
N C O ¢ < C C 0O O¢ < < < < < C .
g@e:om@oﬁf &G QOQY CEP OOGIO|M O3 qp:ohlocqeeu eworgaﬂem:@g mill

oo¢ < . . . I
test report qp: ©§q&Co0pd material qp:i fills, minor gusset plates qp:g¢ 300200
< < . oc¢ : < c Co

F266)320M0§PO:e000 materials qp: 1 Stock @ §up&Ceoo material QP:30300 3CQIC§VOD
) sraooé@lau(ﬁ@cf mill test report gp:zeeo: certificate of compliance qp:@cf:

° Q oc <
Q(B:GO:%COD@II

Steel 390305 ooo&-];ors Impact oo%c%: (Specified Impact Values) qp:o']oéoo@f
390339905@){ mill test report qp:ogé :39@0:05:0059 qco:gq_p: 39@)5 Charpy V-Notch

impact test &) qm§qp:oﬁ|o§qep§u ssooof)ej fine grain practice %ej ooorgc?orgooo:o']m
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: < C NP C < < < < C o

material 200 qc:@@@@q oceooa?oooozc@ac: test report oo sgoog[g)leo:qe@u celevloly
: C < ° cC o < o¢ [N [o] (o] [o] N

326200 (mill order) gp: 0@O50000P00 GEPMS§0R 32]|$ op¢ qc:eﬁ o= 7 Q8!

. < C Co (o] . < ° < (o] <
Material gp: 0905000¢ ©000C6 sga?o'] material 320305 3203)|:0CEa00 390039900@){
Mill test report qp:§cf Certificates of compliance qp:(f’l) 39[(3):0303 c;o:féooé@qeén
o?orScx?f)oﬁaaé Certificates of compliance ogé mcﬁ?ogeq:oc%:qeé @5@:| material

< e .8, _9¢ € 8 ... 90 ¢ @

200 CROICPOG CEP @go§.qjmeﬂo.§q o?ooec[@o c;oooooaqloo Go: qe@u

o _¢C Q

(IBCDC\?OGPOQC 330? E)I_@@ material SQODU)G’DCL)
%CGOQ«? G&DOC&O’DGO:Q@&II Material O? O?GC\?O(SCX)’J

OrJ
So
On
8 :—80
8
On
=2
On
-0
§
3
o
8
8
E)
FB
=

o@Sciagdesnntagarpd eeepyp: 090p) R03R5aRY C\e5<>$ 83 69_500?_5 a5 apc e@%

<

39CQ|C§OD’.) OD@ Ggq_ﬁ[;)& C\gU)C\)OgO OC(%(D OOG&) g ﬁ&)éll
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sas$: J: oSecvgogé:qp: (STEEL MATERIALS)

J.O

oSeaBogpd:gp:a0305 AASHTO doo05¢05qi05qp: (STEEL MATERIALS OF
AASHTO)

Joo Structural Steel

(0) mseogeay (General)

Q)

Steel or°? Gmcﬁeofg@o] éoaorgej)orgqjcﬁq_p: (specifications) 32¢ oqoga?éqoqeén Steel

¢ o0 ¢ < cC O ¢ e <

336??"_2390’33 O%GU?US 39618(\336082 Q{P:Obé (D:?(I)%(T)OOQJLO‘DOU)(SSQP:§CG or?oogqegu

Ze]

ao%soo: (tensile stress) éq@é o$cf’f oof;:eé 380 member 3980539(38:({@390300
303:(0)ep Steel 0pS AASHTO M 270M/ M270 (ASTM A709/ A7T09M) &) 200583 ep
Charpy V-Notch impact test c\°?395q|or3qp:§<§ cﬁ)cﬁéqeén

AASHTO M270M/ M270 (ASTM A709/ A709M), Grade HPS 70W (HPS 485W) 3¢
[(}Lc\?éoaé 0605 38 wode (Welded Girders) qp:opl) on?orSC\?Scpogé AASHTO/
AWS D1.5M/ D1.5 Bridge Welding Code 03c3058266p5(@0(G:1 AASHTO Guide

N <

Specifications for Highway Bridge Fabrication with HPS 701 V Steel or%mé: @@gm
Qo < ’] N

QVOO§8)0leOlN

Carbon Steel

C\?(Q)cé{;:ooqlléogé :39@0: 333@0: 0303905@(98@6“05 eﬁéc&lé bolt/nut @98 aocﬁwéoc?oc)
(*] < < N NP N < < N

QEVI0D oemaomoo@og?o[gsq oopdesonmep) structural carbon steel qp:o0pd Structure

Steel for bridges, AASHTO M270M/ M270 (ASTM A709/ A709M), Grade 36 (Grade

250) §<§ o(ﬁogeoq(ﬂeén

() High-Strength, Low-Alloy Structural Steel

High-strength, low-alloy steel qp:oop_s Structural Steel for Bridges, AASHTO M270/
M270 (ASTM A709/ A709M), Grades SO, SOS, SOW o%eo?orc) HPS SOW (Grade 345,
345S, 345W, or HPS 345W) 8¢ a30523qepdii
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(¢) High-Strength, Low-Alloy, Quenched, and Tempered Structural Steel Plate

High-strength, low-alloy, quenched, and tempered steel plate q_p:oaé Structural Steel
for Bridges 3903(73 oSoaoS@cSql(qup:@ogoaé AASHTO M 270M/M 270 (ASTM
A709/A 709M), Grade HPS 70W (Grade HPS 485W) &¢ 030503qepdi

(9) High-Yield-Strength, Quenched, and Tempered Alloy-Steel Plate

High-yield-strength, quenched, and tempered alloy- steel plate qp:oaé Structural Steel
for Bridges @0p05 $2005¢05qj05qp:(8da0p3 AASHTO M 270M/M 270 (ASTM
A709/A709M), Grade HPS 100W (Grade HPS 690W) §a30523qepSi

Structural shape qp:asogog araq_lo:a(?:ao%am: é%éqé (tensile strength) 140 ksi §§
féogc\%ézooogeﬁpcﬁ araaocf)ecﬂoﬁcj 2009000600 §cﬁ[§$ (seamless mechanical tubing)
0%390805 ao%sm:é%éqé 145 ksi 0305908%500@? 39@@33@:;9 O§Gj| AASHTO M
270M/M 270 (ASTM A709/A709M), Grade HPS 100W (Grade HPS 690W) orcécsﬁ
mechanical Qm%wg.§§§ eooqqcu%oog? oaorgcfogauogago:d?:?cﬁ cﬁ)cﬁéem Quenched-
and-tempered alloy-steel @ structural shape qpu?cf: seamless mechanical tubing qp:or%

AASHTO M 270M/M 270 (ASTM A709/A709M), Grade HPS 100W (Grade HPS
690W) qp:sg[gsog %mqeén
() Structural Tubing

Structural tubing c:lp:oogc ASTM AS500, Grade B or Grade C, or ASTM A 847 §<§
cr%cr%éeooo cold-formed welded tubing @ogecm seamless tubing @5@0 @5q@éu
o%e(ffogo]m ASTM A501 or ASTM A618 §<§ 0%05@‘;@039 hot-formed welded tubing

[§o§cso)| seamless tubing @5@0 @95q@éu
J-2.) High-Strength Fasteners

(o) Material

Structural steel joints qp:ogcc: ssof?:@eé é%cc: qp_S[écE bolt gp: (High-strength bolts) ooé
AASHTO M 164 (ASTM A325) a3e0p05 AASHTO M 253 (ASTM A490) 0069986



N core

o%cﬁéqeéu High-strength bolt eﬂo:o?f epogeo? 3@36%061@31[9: c;ao:o?ors ©002:6000
steel ogé @a?:@)Leéacoeoflm Type 3 093 araof?:@)meéu
< N C . < CO < N C C o c O < C
0@pO:0CAC:oy (supplier) 20pd 0OCQeR) o?mcago?oeo’rogc lot §01mc73 seleleclely ot ok
eq:agé:qeé[c}o%@:l GOOOO’SéQJO’SC\DO’S?OS (Certificate) ogf: oézwéﬁqp: (rotational
. C C < oc¢ C C < c o¢

capacity tests qo:sao]asoc) @lcx?ooaa PYI$! GHEPSE Q0PI OIC0S:c00:6a00 bolts
° C < . . [o ¢} C <

and nuts gps sgagz@loqm 2906030000 (zinc thickness) 030 eq:ogC:000: Q01

AASHTO M 164 (ASTM A325) bolts gp:aop05 3(g¢ed: esempe (maximum

hardness) oaé 33 HRC [c}ogqeéu

Bolts q_p:s@ogas o$3;o:é$§qé o>§:oo<3q|cr°) (Proof-load tests) (ASTM F606, Method 1)
(010956 § 832500051 AASHTO M 164 (ASTM A325) e Section 8.3 324 size [0p3 bolts
qp:dc?’ mé:o:uﬁs'ao: 05:005@5: (Wedge tests) @[q5q$c§m5wéll Galvanized bolts
qp:o% ogéqéo?o&\géz@:? (Wedge tests) @lcx?éqep_su Nuts qp:s@ogcrg proof- load test
orc?’ AASHTO M 291 (ASTM A563) 32q @[C\["c"‘ﬁ C\%S@(S&Déll Galvanized bolts qp:§<§
o@cj 390%:@{@@5 nut qp:ac?’ agéqéo?ogcxc%é:@& (galvanizing) §cg$39qo§e@5[§§: (over
tapping) §é: eqpagon%:[éé: (Lubricating) o% @lcx?é[@:ef%ocﬁ proof- load test oé:oaéqeéu
camopCerdgaononnd [gE:q05qp:eads) AASHTO M 164 (ASTM A325) bolt
qP: 320305 @209:(g|epd nut gp:a0pS AASHTO M 291 (ASTMAS563), Grades DH, DH3,
C, C3, and D (Property Class 8S, 853, 10S, or 10S3) qp:8¢ 030503q0p5(65(8:1 AASHTO
M 253 (ASTM A490) bolt gp:320305 3203:(0|0pd nut gp:oopS AASHTO M 291 (ASTM
A563), Grades DH and DH3 (Property Class 10S or 10S3) qp:eﬁ ODOS(?USQJUS(:ZP:?CS
aRo58qepdn

[BS:q0dqpre2

" 385@ o?orgcf%é:eé Nut qp: (Hot-dip or mechanically galvanized) Nut qp:ooé

Grade DH (Property Class 10S) [s66epSu

* AASHTO M 164 (ASTM A325) Type 3 bolts gp:(e¢ cuodaead:(gepd Nut
gp:00pS Grade C3 o3eupod DH3 (Property Class 8S3 or 10S3) [366epSn AASHTO
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Q)

M 253 (ASTM A490), Type 3 bolts qp:(s¢ o300 32a3:(0jepd Nut gp:oopS Grade
DH3 (Property Class 10S3) [sdqepS

8o

ogSqéa?oSC\%é:ooo:ooé nut q_p:a:;o:d’gm% @5%3@&)0 sx%:eeo: saespf:o'loéooé: eqp

(lubricant) qp: oqo%c\%é:ooo:qeéu @eé:ecpé bolt qp:or% (‘éeeooé‘@é@@ méeoé[éé:o%
¢ O (o XY c < o ¢ Oo¢ <

0RC 00GOR MPCORVIE)$ T OICVL: Ol

olgp (Washers) gp:oopS AASHTO M 293 (ASTM F436) s Article 11.5.6.4.3 &

C o C 9 < <

oaoS@oqu_](qu_p@cn spleptebiovios) eoesaoc@lcx?éooo:eoao steel o']gp (hardened steel

washer) q_p:@éqd]eéu
Identifying Marks

Bolts qp:sgogog AASHTO M 164 (ASTM A325) §c§ qé:ogé qégg%i:o']ﬁoaé Nuts

C o N < < C ° < < < o C < <
qp:craogoo OODU)?U)M:QI(DG{PSUO)CI OODU)?O’)QJODSQU,EC: QO’)C\?OCD’J:GODO bolt Gﬁ

'](‘ o¢c ¢ ﬁ < N < c O < Q N o _CcOoC N
(=13 c:oooc?q Nut & QI(D?’D@C UJOG(DOBOgC OD‘.’@OZ 3990039033:qu QOD?OG@O@

ooo:qeéo? [(:)go%i:ooo:oqooéu Bolteslc:036 3990339030:088 "A325" 2oe0bon [(:95 grade

N <
o
°

opo comndsl o?ogo?éo]ﬁcg araooooﬁ Type 3 @o%zfgcﬂoo Type o%mé:eoooé:

3o

oc . Sy Nut Q I S e 0 S (p t 1 Q
§oooo,qeeu u 3390)3303’3.%]0.080(\) . (?C‘!DOD%J@@C' ( roperty cass) ?Q

=90
3,

(o] < <

OSC\?(SORO? QOPOEOIIC:! :390003@ Type 3 @95@0100 Type or%mézeoooé:

° 8

coC N

QOI&0000:qepoll  Direct  Tension  Indicator (DTI, ASTM  F959) eoT§’1
gagogsgom:qp:wémé: o?ogcgéoﬁ.cf Type "325" (Class "8.8") 093 G(&%@ooo:qeén
33@0: washer an%ésp gagorsgaoaoquo:ogémé: o?oéo?éo]ﬁcf: 3900056j Type 3 @95)5’0']0)
Type sgqj’[::ssm:orcéo% %cﬁ:‘;’.éooo:q@éu

Bolts qp:sgogorg AASHTO M 253 (ASTM A490) §cf qé:ogéqégg%:o']ﬁoaé Nut

< ° C < < < N ° C < C ocC C <
({P:@O’O)(D OODU)?O)QJ(D({P':%)CC\)QSI ODODU)?O)QI(DSQWC: QO)C\?OCDO:GODO bolt
N B3ea1:ad Nut & qoSsolde oSeasclogs B:Fo: mecSmavgp: 40588603

q@éo? @gﬁ:ooozo']oaéu Bolt &\ c5l¢:86 :3990539:00:038 "A490" oaeo%oo@é grade

o]

<

(QOCOé:G(DOé:I o?os)cqﬁ DO coe:eooocc::l :390005@ Type 3 @ogs}o']m Type 3;9‘13[:3900:

le]

o%or% coé:eoooc: é)](rsgkéooo:qeé‘u Nut 33906333”“’?.]0:038 an%oag)%agaocf: (Property

N < < N

class) §c°°: o?oocx?oalgor?? coé:eoooczl saoou)sj Type 3 @ogs}o']oo Type cr%cop_gzemoé:
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O _COC N . . . [o] N C < < <
QOI&0000:§epoll Direct Tension Indicators c;oTﬂ FQOOIONIQP: PC QOIPOINEE

Type "490" (Class "10.9") or% e@%@q@éu ara@o: washer ac%éep 3990539&73: (marking)

qp:ogé (XBUSC\?f)OR?.Cf araoougej Type 3 @5@6]00 Type 399‘]{:3909:0%0% s‘j(ﬁ%f)ooo:qeén

R) 203&:momyp: (Dimensions)
Bolt ¢ nut o3& 303&:a0004p:00p5 ANSI Standards B18.2.1 ¢ B18.2.2 (BI8.2.3.7M
and B18.2.4.6M) o%ogé 303:09: GO%[(:)OOOSGOOO @:m:co&o G@O(ﬁ@@ocf (goacanr;)os? bolt
(hexagon structural bolts) qp:§cf @:m:eoao semi-finished hexagon nuts qp:eﬁ
2205903q034pi4¢ ARod8qepSi

(6) Galvanized High-Strength Fasteners
AASHTO M 253 (ASTM A490) bolts gp:03 9356052905638:(5¢: 6[g)cpSeali
390005@ bolt §cf: nut (fasterners) qp:(f’f ogéqéo?orgogézeéafﬁcﬂm hot-dip §é:®§o§
30305 AASHTO M 232M/M 232 (ASTM Al53/A153M), Class C G331 mechanical
$05:08630305¢ AASHTO M 298 (ASTM B695), Class 50 (Class 345) sGp3
ogéqéa?o&\%ézqeéu ogéqéo?ogcgézeé Bolt qp:oop_g AASHTO M 164 (ASTM

< ¢ o¢

A325) Type 1 [866ep51 0956p50905036:(8:00p5 bolt gp:a3 s0§320:06:008(8¢: (tension
test) [GlooSqepSi epSaopSoyaonSeopdesd GloSoopS washers, nuts & bolts gpio3
cpplearcpdegiopaRaic: ogOapiap0edsi(ge:(geedaepd Nut qpiof 03soadg 320303
Sandear 28§ed: 0enm0oss Bogdsl 2eeuSBE: (over tapped) [GeoSaepS [G8[3:
98c:g80p8 onSsoSovpiams] lubricant opoScomBS: § 6§ qoSEEoseso:8Ses:

coc¢C o C ’] C < . N ¢ o¢ <
[688Ee00n a3:e00: meqpC vlo€oopl  lubricant  gp:(eS 2p05c38:000:qepSH
() ®[g0:3202:03: 03:98Ee000 Fasteners qp: (Alternative Fasteners)

sra[éo: fasteners oféeu?org fastener assemblies qp:o% e:;o%:@[eéaﬁoflm ASTM F1852
&1 20056055|05gp:a¢ o3n5pdageon fasteners gp:i full-size tests qpiopé oppSeon
do00de0dgadqp:el mechanical aa520g3 Baabgj0dgp: ¢ 030503(8:1 AASHTO M 164
(ASTM A325) o360p05 AASHTO M 253 (ASTM A490) o3&l ogpS: (material)

Q 0

00500000086 62078 0p5:¢ 0050O5gM0qP: §¢ 03053¢ §eoon fasteners gp:gé 33¢:
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< < oC < < o ¢ <
JoJ Q) oz¢ [;)goq?:ooo:c;m 3207C:320200) bolt &¢ nut gp:od c0:20p0 0PV
C C . < o ¢ < < N : [o] <
32g|C:4¢ bearing areas qp:63000 660qRE0N MYVOOPIIPY|C:&¢ bearing areas oo
fasteners qp:o% saéqlégoooeﬁ gé:@ﬁl(ﬁ@é @o?:@lgéwén qé: fasteners qp:oaé
N N < < oC < NN <
oam9m@go§>:ooo:em bolt &¢ nut qp:o;ﬁ @@ozsgo?c:@mqp:'?qﬁ eplaviclonplct
N NOC "l <
0ROR&COI0R0I
m$oo§cr§®oq|l<30g5 e&@ooo:e:no high-strength bolt gp:3200: high-strength steel lock-
pin §é: collar fastener qp:o% :39&”3$wosﬁ gcf@mcﬁ[(:scf mo@:@lq%éoaéu High-strength
steel lock-pin §cf collar fastener q_p:sﬁ ?L]:oé (shank) c}cf e5lS: (head) qp:ooé 33(‘55: Jo

c O c 9

®) =) ooorS(foquJoSq_p@co o?oo@qeéu

< c.9 < < o _¢ < < < < .
Fastener U)O?Q_]C:@OD& OO@Q)%CDO)OQ"_OOQC ODO‘)?G)CDO:GODO bolt qr):@ﬁ tensile

< Q Q Cy Q

strength, shear strength qp:&¢ oppdeodn (e0d) QgpP:eaxn tensile strength, shear

S e S Q. o < 9.¢ T Q9 ¢
O

strength 0% eo:%éoo& Qecooo%eooo 39q|§:§<; Q:02FR(0PY PO300Rd gme@@o%oacfgo%

° < < < c . Co < < o < oC o(Q
GGSQSUJO(SC)O%C GGC(HC-?Q)O G?CD@[;)I_G)O:OD@ 39&?_”_:3900:?(3 GQU?CZGDUDOQP: ﬂ[g. cold-

forged o§o°>[§cf @méooo:oopj G@Wézﬁqeéu o@aoagqepé material & aao%.é 2060756000

o] ° N . <

Q:03 IgPdoedani locking grooves, breakneck groove &¢ pull grooves (annular groove

° o < < C O N

QpR2320:09:) se@o:s'ae?:ooowmogc NQGESL

Fastener ooo%quézo%ogé s?]:oésgqjéz (shank diameter) :390305 ooc?;ecx:trsewo 3380539030:

o] < . o] NP < < < < c 00 N

§Iope steel locking collar gps (ﬂﬂqe@@o)[g:l D0CEOgMPEID 0200CIVPY MO qp:[gsq

pull groove ssc?)é:(r% oogejp:[@:oolo_ssraa%gé fastener & grooved end ogé 9915:(?6 (head)

[;95Goq$ locking groove qp:s@ogé:o% cold-swaged ®§5[§9<§Q905qeé|| Steel locking

collar q_p:oopé sséq]&%ooooo sraoop_g@looo:ooé lock-pin §<§ collar fastener qp:s'aogcf)

Q’P@éon%cﬁeooo éqc’]$80905(7?$ (Standard product) gps @ogqeén

(G) Load-Indicator Devices

Load indicating device qp:03 @3C: J.0.) (0) 03¢ [Qgn$:002:00p33203¢E: bolts, nuts §&
C C C ° (N C < < [o XY < C <

washers gp:(e¢ 0lE:003205:(0qepdi e3o0503¢ ewd(goonieonn @350l wodeadgind

9dq) Load-indicating device qp:o0pd Structural Fasteners, ASTM F959 ¢
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oéwogsgoéz[g)leé Compressible-Washer Type Direct Tension Indicator 390305
oaorSc]-)orSooo:eo)o ASTM 030590559_]039]0:?@ orofﬁé"qeén

sg[éo: cr;)@o:[éo:@:ooé Qo‘ieﬁeooo Direct Tension Indicating device qp:ooé AASHTO

le]

Construction Specification &\ Article 11.5.6.4.6 ogccz oqu’looé w03903q|(5q'9:§g

o ¢ o N C < C C C o < < C < o _¢ [o]
O?CYJ&(\\ZIC@O)G@I C(?O)QBOOPLOO GGO[(:)G)O:OD@ 0)030)?0)%(7)%]02 OgC 32620:000 o']gpo

-—80 [-80

BEocSmdqSypiad  030ScyS@seor mEqSanst  mooSGROSES  cf:od
@a?:[c}@éoaéu
J-0Q Steel Forgings and Steel Shafting

() Steel Forgings
Steel forgings q_p:ooé Steel Forgings Carbon and Alloy qp: cooopug) 390?:@[@5:&%&{)
$2005905g/05qp:(g60p3 AASHTO M 102M/M 102 (ASTM  A668/ A668M), Class
C,D,F,orG §cf: cﬁcﬁéq&eéu

(J) Cold-Finished Carbon Steel Shafting
Cold-finished carbon steel shafting oaé Cold-Finished Carbon Steel Bars Standard
Quality $2005¢05qi0dqp:  [660p3 AASHTO M 169 (ASTM A 108) @
0oSecSqodapiad 0305p3qenSES[Bi m§cogaSeogSops  o8:BarasoSeoSesS{Gann:
oaé: @e@gaeg?qugesoo Grades 10160 ¢ 10300 B3 ma?:@liﬁécoén

J2.6 $a38:050a80g05:qp: (Steel Castings)

(o) Mild Steel Castings
:ramogﬁ 39@0:03:@0: oaorS@oSeoS@auoS eﬁéqé egeo:e@:oéooo: 3980539(‘55:%:
qp:orgé 393"?:@[98? steel castings qp:oaé Steel Castings for Highway Bridge 390808
$2005005/05qp:(8d0p3 ASTM A781/ A781M, Class 70 (Class 485) o3e0p05 Steel
Castings, Carbon gp: ewo?oﬂsgoéz[c}@éza%&p éoaorgeforgeucﬁq_p:@ogoaé: AASHTO M
103M/M 103 (ASTM A27/A27M), Class 70 or Grade 70-36 (Class 485 or Grade 485-

250) qp:§§ ﬁ(ﬁéqeéu
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() Chromium Alloy-Steel Castings

Chromium alloy-steel castings q_p:oaé Corrosion-Resistant Iron-Chromium, Iron-

Chromium-Nickel, and Nickel based Alloy Castings gp: c0o0p0q) sgoéz@l@é:a@&p

$20050059/05qp:([8d0p5 AASHTO M 163M/M 163 (ASTM A743/A743M) &

cﬁcﬁ@e’qeé@og@:l 03:@0:000590330’3[(:)000:03@5 3ae[§sae§q|o:efsao Grade CA 15

(Grade CA 15M) cr% wo@:[g)ﬁéoaéu

J:0.8 og§:0509p5:qp: (Iron Castings)
(o) Materials

»  QGray Iron Castings- Gray Iron Castings qp:ooé m$oo§c75®oq|lc°>og§ 39@0:03:@0:

worg(forgeo%[;)qlos eﬁécgjé Gray Iron Castings 390808 éooorgg;ogqlogqp:

[6620p8 AASHTO M 105 or ASTM A48/A48M, Class 30 &¢ 0305p3qepd1

=  Ductile Iron Castings- Ductile Iron Castings qp:ooé m$oo§jo§ooqjl5035 032@0:

< < C < O N < . . C o < < <
oooo(fooeoo[;)qloo oqacgc Ductile Iron Castings 320000 ©20050058|00q0:
[660p5 ASTM A536, Grade 60-40-18 (Grade 414-276-18) ¢ 030523qepdi
o¢ . cQ S e < < o c.[e Q < N
FP6C0:])$ (1kip) 0PV PIR$:0PPOQP: 3 ‘808‘?:[93 39[9:0000 39@@39@9
Q < N < ° coc _¢© < < < <
QP32000p0 FEPI3EIY: €)1 0§ aq:@oo@cq@s@ogm Q0090D002: G §9§209D0: (test

< . N _O ° < < < C N N < < < <
COUpOIl) qp:sra@m T1SETS (QO%GQ)’) (808§3093@:§Q U)@%U)@&)UDU)&Z @®G§&)£

2»805320¢: :030] 06:00000650: @S
QC: RPN : 9o

= Malleable Castings - @@0:33:@0: oooS@oSe@%@qlcﬁegléqﬂé malleable castings
qp:ooé Ferritic Malleable Iron Castings 390305 o")wo&?ogqld%qp:@ogwpé ASTM

A47/A47M Grade 35018 (Grade 24118) §¢ 03053 qepSi
() ogpS:3(3:0005mqpSaaeay: (Work Quality and Finish)

009§:050905:4p:  [Glo90ePeRE  GoogRos/odeC  30CiImOmgP:  9§M8RGA54C
08$:ecoo§:@§: 3990::39085“ g@é: eqrg@é: (Sponginess) @cﬁe@oézl coocolad o)oopé

(o]

é%éﬂé%:éé 3’30:?’[5)[@&? qégo%ql(rgm%;&qp:(rg 08%(7360)6030 %JOSOQ&QI“S

Gac?osgaooq_p: mcczzo)cc:q(ﬂeé Il
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Qog§:e0>oé:epog§ Goooé:qp:cf)f %cﬁooo:qeé (Filleted) @5@)“ ogorgc;ochJooé (ea)cggo$
apreoeS SenfBSiadlogds
Q) 20§9¢:[eé: (Cleaning)

08$:Gmo§:@: obooéqo:s@o:c@:o% 053{03@5: (sandblast) §é:[§c§[§<§eo| sg[éo:@fé:@cf:
@95@0 ddeq)s efll: (scale) o%cr% 05@3 ogecpcrggo oa%glézeq: 035@5:@5; cypey, é@oooé
qlcr(i?o@é qﬁe@q@éu

[y

J-0.8 938qp59905c86:(g¢: (Galvanizing)
m$oo§05®oq|l808§ ogSqéQ?USC\%é:@E:C\?ésﬁ oocrgg;orgooo:ewosae?l Fasteners §cf
Hardware ogé:qp:@mf)(ﬂ:l a")oqoéea)oogé: (ferrous metal products) qp:orc?’ ogéqé
a?ogcgézqaogé Zinc (Hot-Galvanized) Coatings on Products Fabricated from Rolled,
Pressed, and Forged Steel Shape Plates, Bars, and Strip 390805 oSoaorSg;oqu_loger: [;90303@3
AASHTO M111M/M 111 (ASTM A123/A123M) §¢ 03058qepSn @38:  j.0.) (5)
"Galvanized High-Strength Fasteners" &\ G@’S[;)ooo:qlcf)g;cxégl Fasteners §cf hardware
ogé:q_pzéﬁ ogéqéo?ogcé’é:spogé Zinc Coating (Hot-Dip) on Iron and Steel Hardware
320305 $20056053|05¢p:(¢600pd AASHTO M 232M/M 232 (ASTM A 153/A153M) §¢

aRod8qeps
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J-J JHBS &) odeaBogad: qp: (STEEL MATERIALS OF JHBS)

O N\ O

@) ﬁemgogé:qp:

030298 ogee(3a

Q C

(Steel Materials) ogé é%éqém:

ofGopS808p8a0pS0 00§ Eanpdi

Table 2-1 Steel Materials (JIS)

(Strength) |

ESog0SBe:

(elongation) eo[éf:: (toughness) @o%eooo mechanical (?C‘B’S&)%f:.)qp:l eoo?gpé:(eqp:l
a@g@pcﬁ@éeocm o']oéog;é: m%oaorgqlcrgqp:?é 3200 (thickness)l ée:@é: (warping)
cep @o%ézeraomqul eraqéaraeog:qp: co03Pg? ciooéu

(J) eo: o .?5 J-J or%ogé G@’SE:.)OO’J:GOD’D steel materials qp:ooé 39(%5 (@) §é:

strength steel

Steel Material
Steel Type Standard
Symbol
JISG 3101 | Rolled steels for general structure SS400
SM400, SM490,
JIS G 3106 | Rolled steels for welded structure SM490Y, SM520,
1) Steels SM570
. : SMA400W,
Hot-rolled atmospheric corrosion
JISG3114 . SMA490W,
testing steels for welded structure
SMAS570W
Carbon steel tubes for general
JIS G 3444 STK400, STK490
structural purpose
2) Steel pipes | 1 A 5525 | Steel pipe piles SKK400, SKK490
JIS A 5530 | Steel pipe sheet piles SKY400, SKY490
Sets of a high strength hexagon
JISB 1186 | bolt, hexagon nut and plain washers
for friction grip joints
3) Steel P .
Hexagon head bolts and hexagon Strength divisions
fasteners JISB 1180
head screws 4.6, 8.8,10.9
. Strength divisions
JISB 1181 | Hexagon nuts and hexagon thin nuts
4,8, 10
) JISZ 3211 | Covered electrodes for mild steel
4) Welding
. Covered electrodes for high tensile
materials JIS Z 3212
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Covered electrodes for atmospheric

JISZ 3214 . o
corrosion resisting steel
MAG welding solid wires for mild
JISZ 3312 )
steel and high strength steel
Flux cored wires for gas shielded and
self-shielded metal arc welding of
JISZ 3313 . .
mild steel, high strength steel and
low temperature service steel
Solid wires for CO2 gas shielded arc
JIS Z 3315 | welding for atmospheric corrosion
resisting steel
Flux cored wires for CO2 gas shielded
JIS 7 3320 | arc welding of atmospheric corrosion
resisting steel
Submerged arc welding solid wires
JIS Z 3351
for carbon steel and low alloy steel
Submerged Arc Welding Fluxes for
JIS Z. 3352
Carbon Steel and Low Alloy Steel
JIS G 3201 | Carbon steel forgings for General Use | SF490A, SF540A
JISG 5101 | Carbon steel castings SC450
JISG 5102 | Steel castings for welded structure SCW4I0, SCW480
High tensile strength carbon steel
5) Castings JISG 5111 | castings and low alloy steel castings SCMnlA, SCMn2A
for structural purposes
Carbon Steels for Machine Structural
JIS G 4051 S35CN, S45CN
Use
JIS G 5501 | Gray iron castings FC250
JIS G 5502 | Spheroidal graphite iron castings FCD400, FCD450
JIS G 3502 | Piano wire rods SWRS
6) Wire rods . .
d JIS G 3506 | High carbon steel wire rods SWRH
an
. . SWPRI, SWPDI,
secondary Uncoated stress-relieved steel wires
. JIS G 3536 SWPR2, SWPR7,
wire and strands for pre-stressed concrete
SWPR19
products
JIS G 3549 | Wire ropes for structure
7) Steel bars | JISG 3112 | Steel bars for Concrete Reinforcement | SR235, SD295A,
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SD295B, SD345
SBPR785/1030,

JISG 3109 | Steel bars for pre-stressed concrete SBPR930/1080,
SBPR930/1180
Stud names 19 and

8) Others JISB 1198 | Headed studs 2
Table 2-2 Steel Materials (Other than JIS)
Steel Type Standard Steel material symbol

Sets of a tor-shear type high strength bolt, hexagon
nut and plain washers for friction grip joints (Japan | S10T

Road Association)

Steel
fasteners High strength draft bolts, hexagon nuts and plain
washers for bearing connection, conforming to
. B10T, B8T
the provisional standard (Japan Road
Association)
Parallel wire strands (Standard of Japanese
Secondary Society of Steel Construction)

wire products

Covered parallel wire strands (Standard of

Japanese Society of Steel Construction)

(@) gﬁsrafé:?ogé oéom:qp:agog& sraoéz[g)paé oéecugogé: (Steel Metarials) qp:sﬁ

()

2e(g8c3:5q054p:03 05e0Sesd(goon:claopSi adeadogeS: (Steel Material) opé
05000 ?ea000dBS  decd: &S structural §Eder [03pqpSse &S materials
qpP:eN 309:(0j0pd qpdguSqadmadnd c3mboopd @epSmecy: (poes weldability) &&
abogBep:fqepdi  ooxioapiesmndepoé  @opifojag  apdgedearn  ogpsigpiel
Qs wapSweny: adlogs wegsd cioomiod 888: aaSqoSadioopdn felEs
a36aB0goS: (Steel Material) qp:asp$ mqpSeaaag: 03p5(88(8:1 cSedeor qadaogiyp:
3¢ BeSpaens GogSn

< o ¢

dem%ogé:qp:sﬁ QEDOR&E ssqésgeog:qp:o% qé:or%ozﬁ Qo%a?éeq:@ogoéoo
sgac}:sg@oéeo:ooén cxc?’saf)eay) Qm%oog§§§ sgqésacog:qp:a% c;ooqpeoq$ sscfécfo JIS
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J)

.§cf 33@3:033305@05009:@330 09050?$eﬂo:<3r°3 ewor?u{lerao:@cf: @o@:@looén JIS o%eu?ors

cno.§m§:39§°araoé: éooo&j)oqulogsﬁ (Japan Road Association’s Standards) qp:@cf:

0 ¢ @ ) S oo S S o Q e Q Q N AR
()?(DgGOD’.) ODGCDOQ&.QJO.@OQ&ICI O.BGU?UJ 33?@00(7)(1) QOaCm 3’30.?.@'_80008(12

Q . co__ ¢ ) QL e < SPPR-PES c_ .9 . 0Q
OD(DGOD%C\?SQGC\)’.)(T)QOD@ OD@QDOQ&.({IO, E:SO)CQCI qC.OBG] (BGDQD%'ODQP.CQ

gicotigy  wcSecs 8RR wepSmengigoconl  GefwE  woRSimonn
PG0690005 §§ [8Geniegepdledoopdn el afjsarodoadqiodgp: §¢ djodpBear
ogaSiqproopS 2933 (o) w0 efGoopSaopSep opeodEoopSh BofoopSen e 10 48 )
odopCend(goonieonn  0gRd:qp:  (Materials) 20pd 0056 @epPSmE0:  ©5E80:g|0d
605500 (mill sheets) qpiol coogpeand odesoificlon Smdear oaSadglsd

3961@396082%02 i&)é(]? %m%é@é: @ogooéu

oqo&géeq@cf ooéaoécnéeaoocﬁc;q: C\Bf)cc%:o)éqp: (cé%ogespagﬁ ﬁeocﬁ o%eo?og
o%:goeq: ez} ogespﬁsgoﬁlzﬁemﬁ §cf @%@nﬂééemq$o§@ogcﬁ oéecu%sgooogquo%
saac%@lc\y) @wén sae:%(ﬂ a':ecu%ogé:s@ooogeuom% oéooo:q_p:ogé aaof?:@loaé:saa']

° < < (o] < c .0 < < (o] (o]
00000: structure Gﬁ g@:G@OCﬁG?GOT 39(7{"_:&3(')06@03?%&3& QCDQ)COYODQPZ(Y?

C ¢ < c (o] C (] c c (o] N
06:20000650:60I Q a]e slovlop] IPEPOICY: qpo0pd JIS ROV

39[%0803&)(5?(73%0’3({]0.?(3 dl?é' @égﬁﬁeﬁ GQDQ_PGG?’.)E Oé:&)é@é@&):q@é @90303é|l

o ¢ oc¢ < [} C o o
CLODNVY F2OOIFIQC 2 FPEIOM IR Q:I0RM Ve (Steel for general structure)
[o] C o ¢ oc¢ < [} < o ¢
ooeq]:oqlago:@g CUONVY| FPOOIIPQYCEI IEIOMTPQRIFV0ROD 0030260 steel qp:
(rolled steels for general structure) §§ 06U 3980539(‘?5“ @emtﬁe@ﬁqp:agog(f)
oflorgooo:eoya steel (rolled steel for welded structure) UR‘j eg:qltﬁsgoéz[g)lo']ooéu ‘Hot
rolled atmospheric corrosion resisting steels for general structural purposes’ @50']00
C o ¢ ¢ (*] C N Q o ¢ Co0C < (o]
0006  GIVINODO$EVI0ID PP CPME:E3Md&CcOR W Type 03000
eg:qlcﬁoqooéu
adeaBdadad: (Steel pipe)
@eopeoy structural ccéé: °<°:q>qp:39030’3 Carbon steel tube gp:1 steel pipe piles qp:@cf
steel pipe sheet piles qp:o% GSSQIQSGQO?:E)LODéII ooqsgeﬂ 95:09@093 steel pipe construction
qp:ogé QP:go sgoéz[g)loqooéu
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Table 2-3 Mechanical Properties of Steel Pipes

M;Chmufl Tensile test Bending test Flattening test
roperty & g
Elongation(%) Inner Eisffmce
Type 73 ; . etween
Symbol Yield point or Tensie Test piece No.11 Testpiece |Bending diameter parallel plates
- proof stress strength T iece No. 12 No.5 = | r{D)denotes
Materia (N/mm2) (N/mm2) est prece No.12 e angle outer pipe (D denotes
- g “/ |Longitudinal Lateral g pp outer pipe
direction direction BISLEr | meter)
Carbon steel tubes|gTK 400  [235 orover  [400 orover |23 or over 18orover  |90° 6D 2/3D
for general
structural oy 490 [315crover 490 orover |23 or over 18orover  |90° 6D 7/8D
purposes
SKE400 235 or over 400 or aver - 18 or aver - - 23D
Steel pipe pile
SKE490 315 or over 490 or over — 18 or aver — — 7/8D
Steel pipe SKY400 235 or over 400 or aver — 18 or aver — — 23D
sheetpile  lokv400 |315orover  |490 or over — 18 or over — — 7/8D

o

Q) e 00M0PRD

hY <

<

:qp: (Steel fasteners)

goSor%chﬁd% %é@gf) stlléooo:csom friction grip joint 390805 high strength bolt qp:sa@o%
JISB 1186 & class 1 §c°° class 2 bolt qp:cf’f Goao?oq_lsgo:@f: Gg:q_lugsaof?:@lob)én

JIS ogé oaoS@oSooo:eow oaoe§ high strength bolts qp:es[(}él q|o$ 39@0:@[(}:06000:
éoaorggogauors (Japan Highway Bridge Standard) §cf: cﬁ)(rgé”eo&o friction grip joint a3:
high strength hexagon bolts, hexagon nut §1cf plain washers sao3qp: o% oaoe$ bolts
qlo:(}é:faor%é: agoéz@l%cczoaéu

Bearing connection sraogog araof?:@[eé high strength drive bolts, hexagon nuts §cf plain
washers qp:ooé qo§a@eo:e@:o§m:émo§9o§zﬁcﬁ (Japan Highway Bridge Standard)
‘Provisional Standard for Bearing Connection High Strength Drive Bolts, Hexagonal
Nuts and Plain Washers’ ¢ 030523qepSu3 0005¢05000:00051

<

Bridge bearing support orgc°: finished bolts :;.;ec?@cf 390?:[;)[:)3& high strength bolts
qp:ocdq) hexagon bolts gp:oopS JIS B 1180 e§50583030] 20056053105qp:66
Bad5pdesqepS(e6(: strength devision 4.6, 8.8 §¢ 10.9 03c§eon Steel bolts sa¢:300:

C ° N (N C C <
walmod:(Qd0p]  9odo6:gp:iad

R qLo} c0pdgé:0d:00:6g:4/05qepdI
GO](%:O)(SSQQ;?:E)I_SI$ :390305 hexagon bolts qp:o% wo%:@[o'baén
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) ocmogé:qp: (Welding materials)

oeooogé: (Welding Materials) q_p:oaé C\"?Gc\)ocﬁo;oao mechanical strength qp: ﬁq@éu
Gcogzeo']crgqp: (blowholes)i 33(730’;)cpq|0: (Cracks) c}cf 33@0: 33[(3)5 32§2329009: eeﬁeoqu

< <

o _¢ [o] C C N N C N N c Cc(e C ocC
FPOOOIPOCIO0PECOO0 33[(3)@330 0gC:eWI0) ogeoooec?qee@o[gzl WOg  0pCq
$Go q@éu oSecnchﬂg (Mild steels) §<f: e@ao%zao: é%éqé@f: adead (high tensile

le]

coC:g
strength steel) gp:aog05 covered electrodes gp:od JIS Z 3211 &¢ JIS Z 3212 o3¢
oaoS@oSe@%[c}ooo:ooén Hand welding q_p:saogcrs tensile strength 420 N/mm?2 §cf: 570
N/mm?2 ﬁea)o welding electrode qp:o% Gg:qlcﬁqeéu
o QQ ° < < < . < < < co¢Cc ¢
324|320 og@@:l ®2005005000:00p0 welding electrode gp:ocag|C 3EROCRO&CEE:
(workability) §cf mechanical ch%oogfgqp: saqc_l’[:eﬁl: r@@o:@wéu o%e@y)cf elecrodes
qp230: 39053:@[;)[@5 workability o><§eeo:[§c°::| 39056@3: OQSZOD(S&E(:HO:§(§ mechanical
ch%oo%%qussogcﬁ sampling tests qlo:('r% ®§:w50?5@eoo§@qep_3u
Low hydrogen welding electrodes qp:ao: 39&?:@[5){95 coating materials qp:¢
o <N ’] C [o] c O < < <
GE|QER00C30IFTOC F39E0OM :39[5)@390 ©OO§:000: 6|60l
Submerged arc welding solid wires .}cf carbon steel 390805 fluxes eﬂo:orc?> JIS Z 3351 §cf
JIS Z 3352 ogé 3003:05: oooS@oSe@%@ooo:cﬂooéu Wire §<§ flux Gd]é:@é@é:? qﬁeooo
sa[gsééoogglooo: (deposited metals) qp:s@ogor% s@qésraeog: §E;:o:oao§§ogﬁ (quality
divisions) §cf 0343:0355-{ §p§:co§:qp:0% JISZ 3183 ogé ew%[;)ooo:oo&gn
Fused flux §<§ bond flux URQ @@éz(ﬂé:m:@cfz flux ssefllchaoo: §03(§|l: %’paéu 39&%0'] flux
sraqj’[:@m:qp:cﬁ 9§9§oo$oo§ 33&?:[(:)[&1&;3308(73 17.4.2 - Volume on Steel Bridges,
JHBS or% (r%:mo:%éooén
Hand welding 390305 gas shielded arc welding §c§ submerged arc welding efcxéﬁ 39[5}0:
< < < < (o] < C < (*] < < <
06U §poscve:qE:ay JIS standard opc etso[c}ooo:oa&u OQEOD FPYJOIMWVO
° < < O < c O 0o ° < < C C C
sao?:@m?o §@:o]:o’]oo@n ocge@y)g GC:OM :39:9:@[(:)[90 GO IPHPUOMCI{CIQ8C
C C(e < C Cc ¢ <
ooooaoo[g: sg@gago ©6: 2000060002200l
§Padpor3ar S8&EqPS§eorn adeaBgp: (weather resistant steels) aog05 welding materials

qp:03 JIS Z 3214, JIS Z 3315 §¢ JIS Z 3320 0p¢ 2005¢05000:00051
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9) Qog.§:ec\y35:[§§: (Castings)

Bearing supports, drainage apparatus, guard fences, steel connection keys, special
. . . [ . c ° o C C (N ° o < (o]

expansion joints &G pins qp: 30300 QOA$IECOICI00:0  DEDOPIIQEN}

° c o (N ° o (N N [0} C N

sgo?:[c:)pa@n 399901 ogg:qp:sﬁ structure  QOQp:¢0 oqloo@y o?:oooocoo[éc:l
Q < [o} c O < ° [N . o) N

F200:0009CHQI: glcuo[éc:orge@og mo?:[g)moaﬁ materials qp: 32q)|:300:¢20000:

o N (N c C < C(O Cre < C

?mcaq_]oa[g)ﬁcoooo§n F6PO36AY: oog@e[g:l meqagogmago:@g agqp::;g[(:)o:

Q0

S\ éooé: casting q_p:o% Ga:qlof;m@ooéu Casting ogé:q_p:sﬁ mechanical

2

Qm%wg)%qucﬁ eL: |6 ogé GO%[(:) ooo:oaéu

Carbon steel forgings qp:saogcfs SF490A §.<§ SF540A 03 Gg:qlof)ooén oeooeoorgepé
3980339(?)5: Carbon steel Q08$:@5:390305 SC450 .}cf oeo’)eoorgepj oBecu%Qag$:[§§:qp:
30305 CW410, SCW480 §84]:009:03 3203:(0|o0pSI

Manganese cﬂoég—ggéooé steel castings qp:ogé Si §.<§ Mn 0105[_’8:| SC450 §cf %cgo?éc\ﬂé
Goooé:ooéze%éeog (toughness) (cé(%@f;eo:a)éu on% castings q_p:aaogog Class 1 SCMnlA
(mechanical ch%oacfgogé SS490 .}'cf oreéeooo) §.<§ Class 2 SCMn2A (mechanical

ocugooo%ogé SM490 .}'cf oreé’eooo) 09]_)03 Gg:qlogsaa?:[;)pop_gu C\%GQ(SGOD’J

L [o]

<

é%éq@m:wé SC450 oo chﬁcg$e§o']m Low manganese steel castings 093
< < ° <
ewo?oqlsso:[gog Gg:qusga?:@[qe@n

< <

< o C o _¢C Qc < ° < <
ODCDUDIEG&)OOO?&?CGP :rao:oosgcec:qp:ogc O?:G@ carbon steels Q{PSS’B(%(D S’BQ.EGOSQ

@[@éooo:ooé normalized S35CN §<§ S45CN o%o% s@o.'?:@looéu aso)éascuosao:@é

c._ O O < < o _¢C Qc < < < C 2. NN N

(SeHealen omogg:ara@ooaragc:qp:s@@o sge@omsra@o: o?oocx?oo?:gao@oa@n (Zple s
co¢C c.. 0 0

396@9(7339@)02 (QUSC\?O%C[(_O)}:I 3361[3;,%396082(\3[’3_,3: ooé[ééooéu CI%[;)E CICSULQCY? of)ecu%opfé

(steel pier) ooo%qsﬁ anchor bolts §<§ Gm(ﬁésg@o: (bearing support) @\ pins qp:ss[goog

[Blogdo9:g3(o300p0m
(o] < o _¢ oc O < C C < . C o ¢
aB0gpS:380533E:4p:03 Heat treatment §p5:(9¢ (o|cpSoopdaas] mechanical gadoog3sé

oo%oao%ﬁ JIS 035 oaoS@oSeoS@ooo:@é:eﬁd‘al JIS & @égo%qlog @ooo:é

GBQI(YSSQCO(YS(?_Pﬁ (Yof GGS@@’.):OD&QII qé:d%(ﬁ S’DGQS@:GODO 3980339(08830308?088 strength

member 3[gd od:o0pdmesli GE:oden strength o3 08:008¢gp: (00pds) eoogpeaant
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oécao:qeéu Gray cast iron castings §cf spheroidal graphite iron castings qp:sfacgog FC

250 §¢ FCD400 a3e0po5 FCD450 03 6g:gj053295:(0)[0300p51

Table 2-4 Mechanical Properties of Castings

Mechanical Tensile test Impact test
property (Test piece No. 14A or test opiece No 4 (Test piece No.4)
. o,
Type Ylleld | Elongation Charpy | Hardness Calr'bon
symbol point or | Tensile . Reduction Temperat absorbed | HBY equivalent
’ proof | strength |Elongation ure test (%)
stress | (N/mm2) |(%) of area () enersy
Material (N/mm2) (%) @
245 40 ] o (134 ]
SF490A orover |490-590 |22 orover |or over or over
Carbon steel 275 35 or 152
forgings SF540A orover |540-640 |20 or over |Over ) ) or over )
Carbon steel 225 30 or
casting SC450 or over 450|19 or over |over ] ] ] ]
235 i 0 0 i 0.4
SCW410 |or over 410|21 or over or less
Castings for 275 0.45
welded structure |SCW480 |or over 48020 or over ] 0 0 ] or less
High-tensile
carbon steel and / . . .
low alloy steel SCMRIA " 275 33 143
castings (low or over 540|17 or over |or over or over
manganese steel |gepgp 24 345 16 35 - - 163 -
castings) or over 590 |or over or over or over
305 23 i i i i
Carbon steels for |g35CN |or over 510|or over 149-207
machine 345 20 167-241
structure”) S45CN Or over 570 |or over ] ] ] ]
Grey iron 241
castings:') FC250 - 250 ] ] ] ] or over ]
250 15 ) ) ) )
Spheroidal FCD400 or over 400 |or over 130-180”
graphite iron 280 10 i} i} i} )
castings FCD450 |or over 450 |0r over 140-210%
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JR 905098 0038 m(0dm40325004p: (DEFECTS BEFORE FABRICATION)

(o) Steel superstructure §c§ pier structure 085 39033:@[@@? steel qp:ooé Design drawings

020250300¢ G(&%E:)ooo"eooo steel & Q8 d08:9P:&C 03003081 681 300: PS:6509¢
220293 : IOP3§: Q4G NPRY! Ol 3RQ: e
(o] C N cC @ O

qé (special performance) gp: cx%agéc;msaaﬂogéméz oc%cx?sfaoqlmqlo:?cf O%Cnaﬁﬂl

0 0 0 < P S S Q.. Q <, e . c[: <
GﬂOa(ff UJ&G@’.)(DGGFC\?OC:?«QJ’L GOU)CSC('DU)&.,O) (RIS O 33(1)& OLG]_G&II

()) Steel 03 BaayrSepapi steel & geonadoogdyprad apSmeogiqp: oqoSag&iensd
088:88:c00: 8§ apacvramn: ca0nSgoSaupSt 8BS s3econSamntanns cocoma:
steel & QaSo0g3qp:a¢ saqpSaaeay:gp:0} B303e000pd safgdarqiod o8 §aoopSey
ageosf8i1 cl:afmpd steel & Bmdaon performance apS eoqpSmniagad 68wy
oSca:acg§edlon: steel o qoS8:g 0§e00d [BBSqS! a>SecyBeoon gpSicodiqp: (non-
damaging method) 3¢ B6SqeaSi

(Q) Negative side m(ﬁogéﬁem steel plate &\ gé@[‘%éem czleo ege[(:nézegcx‘)
(permissible variation) oaé JIS G 3193 & Table 4 ‘Dimensions, Mass §cf:
Permissible Variations of Hot-Rolled Steel Plates, Sheets and Strips’ §cf: ?orgqlors (@)

326 plate 320p (nominal) & 5% sraogf:: ﬁqcﬂeéu

(¢) Steel plate =) q|05§o[§5csoTogé sgqésaeog:cf?’ oge%orgeo)%éeooo 39@03 32§732800 Q23
eﬁeoqcﬂn

(9) Seel plate & q105§0[§c°:03é @905@03008@&5 398390)@ 39@05:39000: s@epeo:@é::l joint
BP0 @)l_(\?é@é:?é @@o:cqéc%euo:s@og(ﬁ ep_Sooéf 390)0:3998:91 e%’lqecuemél

GQ_PG%°G§ qeé I

(0) Steel supertructure §.<§ pier  structure qp:sgogcrg e:;o%:@[eé steel or%

N C (N Q N C N N Co . C
0QO3CPOVPIMYM CROD(Q$EIID FEPII]EA: 0060/ coooMmdeo (mill sheet) opc

le]

cC 0 CcC Qo 0O 0O

C < C < < [0} C < . .
Goo[(:)ooo:a)@ YIRS MOPOGE4) ©OCT0:6)0 I o%@c steel 20pd design drawings

C < s OCo < N < < . < . .
Cledesle eoo@ooo:eooo 0q|$0pg¢: 2003000g|Mmgp:l design &¢  production/erection

[\ PR N < ¢ O ¢ 9 [o]
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o O < < < < (o] < (*] C o ¢ N <
o§o3c0pd:  odes0:amompS(ojqepdl Bm[E  steel @ c3mbeorn  Bgbiesoncepdi
32 qpS36eag:q:00pS GuNWy (8¢ ‘Section 3.1 Steel Materials” of ‘Part I: Common’
§¢ ‘Section 1.6 Steel Grade Selection’ of ‘Part II: Steel Bridges, JHBS’ol

[o] < Q

2005g0500§:§rgprg¢aapS [qepS

rpSesoncSeq: cpdcsiqpieocdadogd steel plate o qoSso[decTops mqpSamecg:ol
dBicdeogcarpl ®[gd Bdgomooogp: §i of evesor modpdlopqepst Bigoilsd
05000a00:00pd steel (Commercial steel) o @d:(golon el sagudmen: (size) |
boogns (shape) a8 qoSsof3S (surface) qp:o? [B3jooEoSes0:qenSi S3[GE mill sheet ogé
codgonieann 0§fiqpiofeopd: edewiqupS(gbarnioli cfeboond gdiescniepd §¢
B058 §o§030005: 08es0:qe0SH 5309100808108 steel saq:ze0:qpign 309:(G0lo
members qp: 000508008 pScioSops qeogig e[gSecTeoqimoges weapSfes
005605 3nreoBSiBbenr  mg0Smonineodorfss  00SecS3Rrieu:BiEsen
[BlogSaepdn 2eepS(s: glgr:evd(gles: degsoqpiat eav: =g ogS eudgonarsloops

(o] Q < < ° o _O NS < . < o
Steel 07 206apoCePARCI 2degJigP: OV oooo@c:e@oq mechanical oanoo

8

qp:or}o% steel @ @mqmgoo%r?qp:?cﬁ esqésseog:qp:cfé oS%orSaé: eﬁeo)efl
ofﬁecxpéo)ésgogé: @5@0T%c°:a>é ql(ygc?o@é cqPey e a@:ﬂ:ﬁ@é@cﬁ qlo&}ooé
33@539§oagaoo| eg?oorSooé C\?f)cc%:o)éqp:m: 39073:3998:@95%503@ o%eo?org member

C (] Q< < o ¢ 9 < < C <
@G?@Q C\?SQOGODO performance ?C'Z @(QCDEODQ 39@039@39%0({[’32 G@OGOTGOG]_‘?

N < N (o] < (*] < N <
326C0:60: GSDOCQ(T)GI@@II GBSQE)C GC\P’DC@O:OD& [epplab 39030: steel Gﬁ

< (o]

Qcaooa%gqp:?cf sgqésgeogquz(ﬁ oS%oSeo:oé 39@539({](73 ooo%§§ ﬁéméo@ anoq@u
qé:e@oé steel & C\%GQ(SGO:)O performance oaé ecqlc?f)m:qgos e%’lorg oéeso:eogﬂ%’mcﬂml

wéeoﬂgmé q;é:mé:ooo(i??@é steel 0% [c}%mé @éaoél o?m:[(i):? sgoéz@lqeéu

c_ . < < < < o 00 ¢ o) c__.g(Q < <
E)CSDCOD@ $O: 000200 steel O? OO?OO? e§)eos ol @CSOC[S):CO&GE]OOO steel Gﬁ

c o [N . C [0 (N (o] C [N
PGUOTPO:I QAOPIGES mechanical QEDOPQP0  CPIPOEIN performance §C

N

(7305@961@@" 8090390:@(3 QI(Y(S?OE)CQ:GOT% 39@0%3’3?039300(7% [(:)8808610088 GSQOO’SG@

80533¢: (base mate rial) §¢ 0ew(6E s005000:00p5 joint o3&l g&:ea00EqRSqP:0

)

00 ¢ < < < < < < < < <
@ooel)ooeocﬁsaogoo %%:@GC\):GO:Gj GS‘OOCQ(YJG].@&II 39@03’3?039@3 [(:)C@COO&
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< < (o] < N < (o] < N N N < <
§PO1000:§080QP: O) @V J—G op¢ e@o@)ooo:oqoo@|| ocgera@c @caocoog §pOs006:
3600:805 39030609?? Appearance (3), JIS G 3193 @&\ Section 6 ¢ Dimensions, Mass
and Permissible Variations of Hot-Rolled Steel Plates,Sheet and Strips.’ oPl)
Qc. O < <
cfE:Ie:o?:mo:oogoagu
Steel plate ooo%aearao: oemaoorgsﬁ @éaoéepogé gjmorggoos?é 39(‘}8: R-JG () G) 39

. o¢ O ° < < (*] < <

preheating 30g8j$0)  Go0co0PYP azp@ooqeeu Qe 0eweN czlolenlonlely aloalyi)
c@spogé 390’3@@05: aeoTeé @ogooéu oc%@)é 33(%5: J9 (P93 ‘Repair of Defective
Portion’ (33@539@33980533(?)5:4{): @éaoéﬁ) 326 e @ﬁfoocﬁeqxﬁq) c;@spo;ﬁ

[oN Y < s OC < < < < < o ¢ <
POQCISC  F:QCIgPIopC @@)OI 32§03230040: e@oeo)eﬁsgogm 0QO29D [‘:’l@cﬁ?
(treatment) c\?f)qeéu on%ara[(}é wé%:oemoao:qp:cr% grinder [(:95 OO:[SQ)‘.’I @oSgp:qeén
oeooeg?spoaé steel plate @& q(ﬁﬁo[(}é‘?cf oooge[(:):ooé: @ac)ec?esgo&
m@wéq@q@@éwemé araeqpo%é qeéu

<

SM570- 3250¢ §é:s'aoooo é%éqém:@'cf steel qp:sﬁ qlcrg.}o@&isg@o%aa?osaeooqucﬁﬁ
grinder @95 m:ﬁ ooggp:qeén oféeaa% oeoo[;s'cf :39000:@99_5 @5908@5: e[;)lcqﬁqcﬂn
Q < < < NS NS < < < O < < < < <
QQI20]|030E oeoo@q sgooo:@p_g@ceoc@c: CQ0GIOICEPINAYCI @caocqe@ ecuospsﬁ
< < < O (o] < N <(Q < < < NPy < < <
ODDPOCHEP! IYUOFO: | F§D 0QIE) @[oocsgooeoo@:l [;)caocwlo_gcx?oc§:w@ ©$2000
< o < < < < < NP < 00 ¢ C o < 00C¢C
©0:0000 a?:@mqegu [g)ceocoolg CQ0C$:00p0 MEmMbET 332: C0RME OIOPOIOEP{KC!
00¢C O < < o < <
©Q§CORCOR0: o:a:@o:ace:@o:qepjn
oeoo@cf @m:@é@éméﬁ 0?569005[@“ grinder §<§ eqpesgoé @o:@:wée«%ong
<o C < c C N o o .
FPEEPVO§|EA0D 39@@39§osseooqp:§g czloplete @@@@@osgaooqueﬂl oq non-destructive

< < ¢ o <
test @q ooe@o:eo:q@cx?cﬂoa@n

Table 2-5 Standard for Identification by Color Display

(a) Steel stipulated in JIS

Identification color
Steel type Color type Standard Remark
color
SS400 White N9.5
SMA400A, SM400B, SM400C Green 5G5.5/6 |A, B, or C isto be entered in letters.
SM490A, SM490B, SM490C Yellow 2.5Y8/12 |A, B, Cor TMC isto be entered in letters.
SM490Y A, SM490YB Orange 2.5YR6/13 |A, B or TMC is to be entered in letters.
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SM520C
SM570Q, SM570N

SMA400AW, SMA400BW,

SMA400CW
SMA490AW, SMA490BW,

SMA490CW
SMAS570WQ, SMA570WN

Pink
Red
Green

Yellow

Red

2.5R6.5/8 |C or TMC is to be entered in letters.
5R4/13 Q, N or TMC is to be entered in letters.
5G5.5/6 |AW, BW, or CW is to be entered in
letters.
2.5Y8/12 |AW, BW, CW or TMC is to be entered in
letters.
5R4/13 |WQ, WN or TMC is to be entered in
letters.

(b) Steel of which the yield point or strength does not change

According to the plate thickness stipulated in Section 1.6 commentary of Vol. 2, JHBS.

Steel type

Identification color

Color type |Standard color Remarks

SM400C-H Green 5G5.5/6 C-H is to be entered in letters.
SMA400CW-H Green 5G5.5/6 CW:-H is to be entered in letters.
SM490C-H Yellow 2.5Y8/12 |C-His to be entered in letters.
SMA490CW-H Yellow 2.5Y8/12 |CW-H, or TMC is to be entered in
SM520C-H Pink 25R6.5/8 |C-H or TMC is to be entered in
SM570-H Red 5R4/13 ;H'or TMC is to be entered in letters.
SMA570W-H Red 5R4/13 W-H is to be entered in letters.

Note 1) This table is based on Japanese Society of Steel Construction Standard: “Marks for Identification of

Structural Steel (JSS102).”

2) The color type of identification color is based on JIS Z 8102 (Color Name), while the standard color
is based on JIS Z 8721 (Method of the Display of Colors by Three Attributes).

3) TMC: Thermo mechanical control process steel

4) For the steel that is ensured of the characteristics in the direction of the plate thickness, the signs

corresponding to the requirements such as “-Z25” shall be entered in letters.

Table 2-6 Methods of Repairing Flaws

< o
39@)0)38§039&)039(ﬂ|_.39®9.

B§ copSBEaompenianpdsnS:cos:

o | Steel qjc75§o@§eoT§
39@333§039900| qézeﬁ
88000005 &0
(pitting) qp:1 [§t§ep
(scratching) qpzohod

e, .S N () <
ﬂC:ﬂC:C\)C:C\)C:ﬂOD@II

Grinder [c:9c°: 00:q)! qlcﬁ§o[§)§0% eqpessoé cx?&leéu

ec?sp(roxf)cj §o§§5:eoao scvgsp @5eoTo']m| oeoo@cf
sraooo:@éqeéu o%e@ocrg grinder @5 oo:cj| eno%@o[g)é
eqpeo:qep_Su

J Steel qjc75§o@)§coT§

eooo?oqls:;o:@cf grinder @8 m:sj @(ﬁ(lpzooéu 03@0 czleo)
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33[§<§sa§osgaom tolerance oo$<‘§:csﬁ lower limit cooS saBepon (cégﬁxﬁeq?cgjé

spalling.?é: @éeoéﬁ ng)@(\?f) af’?:[c:oorgqeéu scsgcpor% @cﬁejp:@:oaé
203emns: B3 04005 oyfens steel & manad s§uecTopd [BSaoSens
eﬁoao eooégp:eoao en%o'loo aaooo:[c}é[éf:: (cladding) & wcﬁecpcﬁﬁ(ﬁ ooéogé:
33[(3)0339§039900| oé:oo:[gx ec}:@o%q@éu Cladding repair c95[§:wée§0(73

q_logﬁ‘o@éo% grinder @5 oo:ej Gq_peo:qeéu

2 Steel &) araac?:oo(f) @éaoéooécaooég(ﬁqjogqp:mm?: C\?f)eaooé@:eoagméu
euo%ga@é é sscxgocx%ors steel 33@53:0005 cﬂcﬁe}o@&f steel plate &) cloololle) oc'l'?eeraoﬁ
[y

< < < < < o] O N c O
GB(TJG@C)C: COOOD@ GQ(DG[:('DOCZ §16§Gw:0']ml CI?S’B(DG[:('DOC:O?

wogq):@:ooé:e'?ocﬁ cladding repair C\?&%é&)éll Cladding

: C(Q < < . N < N
répair (\?O[S)'.’OD@G?’J(Y)I grlnder @Q (D’J‘.’QI 3966”30\)0’)61@&"

Q) Steel plate za0g & gcf[z)b%éeooo sge[;)oézsgcﬁ (permissible variation) 390305 JISG3193
‘Dimensions, Mass and Permissible Variations of Hot-Rolled Steel Plates, Sheets and
Strips (Table 4, Permissible Variation of Thickness)’ 3o: sgol'?:@l%éooéu Negative side
ooo%ogé%’leooo steel plate & permissible variation ooé g;ogqlor%(o) 3¢ plate 309
(nominal) & 5% :39035: ﬁq@éu o?e permissible variation & oBoBeo']& sgccéésa@oooé

. . o e < oc < Q <
@Q)’):(.ﬂ perm1851ble variation (:HO:Gﬁ OBOBGO’]CZ GQ(L)CZSD[_S’OZ?Q 0&&038"

() Steel ql(rs§o@§GoT§ ga%sp(ﬁgleoao 33@539@33900 (harmful flaw) 50149%)1 qlago% (9(?: @éﬂ
a)ogeao:qeé (visual inspection) 1 qcﬁ§o@é§1 39[(3)539.?03990'3@“0: @%mé@émégo’% JIS
G 3193 §<(::39@° q?éeaooéqeéu

() Steel plate =) qcﬁ@o@éwé @ogemocﬁﬁ srao%:rao)é (cutting plan) | 39905:39000: eo:@é:
(marking) 1 joint o)ooé: Qgécq%:qusgogcﬁ FPOOD:IE0: eﬁeoq@mea@oé eqpegp@qeéu
occée@cf steel plate &\ q|05§0[§c°: queguﬁsraogcﬁ upper limit target oopé JIS Standard &)
0 JO a% %ooé steel plate qp:o% of?:a)cfwéu (JIS G 3193) (evo2: J—9)

ST-29




Table 2-7 Upper Limit Target for Surface Smoothness of Steel Plate (mm)

Width 2,000 and above
Less than less than 3,000 and
6.00 and above less than 10.0 9 14 15
10.0 and above less than 25.0 8 11 12
25.0 and above less than 40.0 6 9 10
40.0 and above less than 63.0 6 8 8
63.0 and above less than 100 5 7 7
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338$: ’\)

005c0Sfgé: (FABRICATION)

20 WORKING (PROCESSING)

o)

J)

Q)

90¢C Q

(@) Steelogé:qp: oqo&xg&pogél 3@C:34) cxgsaf)oaé mechanical Q@Soag)%eﬂo: (T\QO%GOJO
8@0303@02000 (characteristics) qp: qeﬁeoq@én High-strength bolt 390305 Bweolad
C c ©00¢ N C C C - - N N N
CUIMIEPORCI FECIORC V029030020 joint strength §coopd 3»colod 326pO3C0Y:
@5q@éu
() emcﬁc&%@)o'] ‘ﬁ,o']ors 0) 6 0) 3233 araqjcﬁqjo:?éo%(ﬁécmé @La?égéo']ml 300050l

39(%5 (o) 3908 e@méwéo? oRao‘%éoaén

@OSGOOOOS(E @Segoé (Cutting Plan (Plank Layout))

oce member cr)o%?Gﬁ cutting plan (plank layout) ogé main stress &\ cuo:cp§<.°;

(08050008  (rolling) coo:epen cuOopOE:(GE coSopmyaERSi AdcoDiep §69

c . < C < < Oﬁ . < (o] 90¢C O < [N
qu9§oqleanm§:l QCZO%GI mechanical QGDQD%)(:HO:(YD 3(?02(\?390%00?(;

()%(f)é@[;)&)é Gc?()']m Q%OO%QDOSQ_](YS?CT GOD(YSS(%(%O I

36053000:(0|p0(a¢: (Marking)

32403300210 0p0[gS: pdedieaundgadepogsi earcpuqeeai(sé ewandepr ogéiep
n§ooSoys8Send csepdsy ©e00081 cw00S0aSABE mepeoiSi medlod
c0208[B&:0% 6GcrSqali

Section @oo@c: (Dissection)/@sorgemﬁ@é: (Cutting)/emé:af”:@é: (Groove

face)
< O < < < [N . .
™) oce member o) @ooeooooospogc ewo?cqlego:@q automatic gas cutting

«?é:@é [(:90861@@" SQQI(YQ) (8) 088 GG’S@WD:GODO SQQéEQGOg:({pﬁ Gﬁ)l()']ml

. < < C : < C.. O N_O .
plasma-arc cutting §OQ00:8C laser cutting §O0:C00:00MNE0O automatic

cutting §é:qp:cr3 @o%:[g)[%éoaéu
9) @O’SGCDO(YS@E:I ecqp(ﬁoo%oo:@& (Cutting/grinding) §§ e@oé:sﬁp@é:

(groove face) o3&\ 36p5a260R:P:00p5 @LD: P-0 03¢ 6wS(QEo:a0pd COd
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G(QF)C\B%GO q&é Il

Table 3-1 Quality of Dissection/Cutting Surface

Type of member Main member Secondary member
Max. surface roughness 50umRy or less 100pmRy or less
Notch depth There shall be no notch 1 mm or less
Slag Although slag clumps are dotted around and attached, they
can be easily exfoliated without leaving any marks.
Upper edge melt The one that is slightly rounded but in a smooth state

Note:
1) The maximum surface roughness shall be the maximum height of the surface roughness stipulated in
JIS B 0601.
2) The notch depth is referred to as the depth from the upper edge of the notch to the valley.
3) In case of cutting, it shall be 50 umRy or less.

i) The filler, tie-plate, shaped steel, gusset plate with its plate thickness of 10 mm or less, stiffener,
etc., may be cut by shear. However, when there are extreme shoulder losses, burrs or irregularities,
etc., on the line of the cutting plane, a smooth finish shall be achieved by performing edge planning
or grinder finishing until these are removed. The quality of the finished surface in this regard shall
be superior to the qualities shown in Table 3-1.

ii) The chamfer shall be applied to the corner of the cross-section that will become a free edge after

assembly in a main member that will be coated.
) 39@07(5@@003@5: (Hole Making)
o) Bolt-hole diameter

Bolt hole & sgqléz qp:(f’f @uoD2 Q- | ogé e@%[;)ooo:ooéu

Table 3-2 Diameter of Bolt Hole

Nominal designation of Diameter of bolt hole (mm)
bolt Friction/tension connection Bearing connection
M20 22.5 21.5
M22 24.5 235
M24 26.5 25.5

) BoltHole sgsdé:sgogﬁ co(ﬁoof;é%écan ogaooqltﬁ (Permissible Variation)

Bolt hole ooo%e?eﬁ ssq_lcc::saogcf) permissible variation 093 @uD: Q- ogcQ:
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co%@)ooo:oaéu Friction grip connection og<°:| bolt group (3?803000303) & 20%

(73330 +1.0mm 303 @omgé@@éméu

Table 3-3 Permissible Variation of the Diameter of Bolt Hole

Nominal designation of Permissible variation of diameter of bolt hole (mm)
bolt Friction/tension connection Bearing connection
M20 +0.5 0.3
M22 +0.5 0.3
M24 +0.5 +0.3

9)

©)

)

o) Bolthole 39@0705@@005@5:
Bolt holeor% a)crgc]-;orgooo:ooé ssqlézsgo%& 33@01(73@07036{)035 drill @cf@o%em
drill §<f: reamer qu’L: c;cﬂé:oéﬁ@ogeo GO’)OSGlQéII o%ew% oé[gnzsgog 16 mm§cf
c3005c0Sea0n secondary member qp:eﬁ saooo:eoTogé saeoqcf)eoocﬁspogéﬁ
. c O o c
punching §p3:0p a:6el
C C o < o ¢ QC, T C C C < oC. "I C N <
©00090C6 OCOEIOIIIQCIC0IPC OIYOIIY|C:30PC: FGOIMD WMDY
3] ewo?qsgo:@cf template 093 of?:qeéu oféeoo% NC (Numeric Control) drill
Q o < C < < c ¢ c Oo¢
oy o?:wgsw@aa%qp:ogm Qﬁmﬁoaooqjmg; e0mCcoll
39@0103@@003@:@@005 s@eo%%ooo%c%o%cf% quesgoé @%Cgo?og m:eo:qep_gu
320e0lod 0agé:(gS: (Cold-Forming)
oce membero% cold bending (sraﬁ{ecﬂor\) eog:@é:) C\?(SOD@SGDS]I steel &
SGoooomcgmoqp:fﬁ sgqésgeog:qp:wé JHBS Vol.2, section 1.6 ol
C C < (o XY C <
Q003000]|MQR:F0C: @@eoq@@n
39(&@903 Qogé:@é: (Hot-Forming)
Hot-forming osl’) Quenched and tempered steel (Q) §c°°: thermo-mechanical control
process steel (TMC) or%ogé ewo?oqjsgo:@cf: [;)ch?f)ej eqo]u
Strain voS¢p:(gE: (Strain removal)
m) oeweeo%@é:e@ocf: @9533@? member  gp: (Boacatrr)go$ qcﬁogé:@é:

(deformation) o3 press o3ewr05 gas flame heating $p5:(9¢ [0§copSmnen:qepdi
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s) Gas flame @8 :zraﬁeeo:@cgzc?é:l :zraesa:é@éwé:o%@é @%;mé or?oo:ooé 3]
ﬁq@é steel qcﬁp@é@gq‘ﬁqpm% QU0 -G ogé e@%@ooo:oaéu

Table 3-4 Surface Temperature of Steel during Linear Heating

by Gas-Flame Heating Method and Cooling Method

Steel type

Surface temperature

of steel

Cooling method

Quenched and tempered steel

750°C or less

Air-cooling (or water-cooling at 600°C or

Q) less after air-cooling)

Thermo- Ceq>0.38 900°C or less Air-cooling (or vv_ater-cooling at 500°C or
mechanical ' less after air-cooling)

control process Water-cooling or air-cooling immediately

O,
steel (TMC) Ceq<0.38 900°C or less after heating
Other steel 900°C or less Avoiding water cooling from the red heat
state
Mn Si Ni Ccr Mo 14 Cu
Ceq—C+?+ ﬂ+4_0+?+7+ﬁ+(1_3)(%)

3200050] égl[éézogé (

@0%038?398'] ooé:ogcrc)qeé Il

< C C C . Q c ¢ Q C C C
©) 6800mY0mos0cy (Erection) sra[gzeoaooam 00307080CHORC actual members

) 05085 G@S@ooo:eooo 39(035:4?0 Cu> 0.5%

qp: ecﬂé:o@cj bolt hole &) eraeo'l(f)sgg(ﬁsfaoo:ogcqﬁcﬁ oo%eao:@ézl members

qo:@@)o:o@aoﬁ@é: (connection)

(9}

('QO)O)

Q<

™) Bolt hole qp: (BLH(YQ)@C(S:I og%c\%é aC:

. N N < 0 ¢__ Q¢ Q N o
Bearlng [(:99 sooooae 39@0)39(80:6“0:080 39@0’]00813 (B(.H

mé@é:) ¢2 3qP:s0: 0.5 mm oo ﬁq@én

Bolt hole @ penetration rate §.é: stop rate

SBE:

< N < N
eao:@c:q_p: GWJCS(TJQG&II

(0§c85/

Bolt hole ooo%z?ogé penetration gauge ¢ penetration rate §c§ stop gauge ¢ stop

rate orcéoaé @000: ?*3 088 GG’S@@O:GODO U)%:(%Z({P:(T% G[(:)C\)éq@éll

Table 3-5 Penetration Rate and Stop Rate of Bolt Hole

Nominal Diameter of Penetration Diameter of
designation of | penetration stop gauge Stop rate (%)
rate (%)
screw gauge (mm) (mm)
o _ M20 21.0 100 23.0 80 or more
Friction/tension M22 230 100 250 80 or more
connection
M24 25.0 100 27.0 80 or more
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M20 20.7 100 21.8 100

Bearing
connection M22 22.7 100 23.8 100
M24 24.7 100 25.8 100

o) Plank layout

J)

Rolling direction (@orgoaécoo:cp) §cf qé‘:o% Goooé:?s?a{looé coo:epo%sa@o:
mechanical oadoog3(e:42:(gS:2005 tensile strength ¢ yield point 033a6(03:(08:e0:00:
[o] (*] C c ¢ C < < < < . c .
G(ﬂ()’]II OQEA0 GOODCHSORYCII:EPIDMRC @oeoao RO0gc0e (elongation) 2005 rolling
direction @5@3}0 elongation cood  10% 6 15% (céej §p_5:L8:| nilLoéﬁ (reduction) ooé 5%
¢ 15% (céﬁ §é:ooén o?e@é Gooocfg;$0{|m:qaoo<7sog§ eieooo Charpy absorption
2058 o8

GQG@GQG§({IOSC\)&Q: ﬁi})éll GGDZG&)OGSQ)CQ& S’DQ?:EJI_GT)éI Q"?&)G)O:Oaé transition

. . . < < < < < [o] <
energy rolling  direction CUO(QO0D:20PICONM)  OIOONMIIIOR)

temperature @oz@o:g@o 10°C §<§egoocr°) ﬁeoooe@o'cfl plank layout ogé oce member

¢ . < . . . o) < Q Q Q
(7)0)?85 main stress C\)O:Gp»?q I'OHlIlg direction 0?.?9 GODU{Q?_IG?O:@CE CDOUE&GG’BOC

<

[cpSee 2005905000:20051 036205 connection  plate 0398  06LIEEIOHADS
[COSeR? ? RN g p 2 22
280533E:qp:0E6 0| 0§0005310586 w053l

<

o

<
Cc:

< < . Q< (o) IS . . . ¢ ¢
2005905000:600 mechanical ganooqP:o0pd rolling direction 330: GEO2CHSMY0
< < < ’] . ﬁ O c ¢ < (o]
QO2:EPINMRC e@c\)eec?o 001 Main Stress @ CodIEPOY  CGE0DCH§MYOR QD2 EPII0)Y
Q < coC < < < N
0pPOEINC @ch?o.%coaeu? Q005903002: 20
sracpeo:[éé: (Scratching)
Tensile strength qp: o srac‘jeéz o%eo?ors o%‘: (load) 0507033 oqlesporSGoao es;fééqu:ogé
33@539@39900 ﬁo'lom 6o0:3¢  (minor flaw) oé@éeoogmézl yield strength

< c O N

coqpgicondonni §efFns gfonfoocsqoch aosBeoniBe: Gaoopds
Erection cySq§ assembly 320053000103 member eoT§ 0303805 eoSoonioopSaas]
o053 ogé:g) soepeoiEidioh 02053800 ogpSspiG member o mqpSameog:h
seSreoSiciariqend caiaf3é:h

[(:)LC\?SQCQJEC\)&QH @):Sf?:&)é:?a(ﬁ 33[(:)0%33@39800({]0: @@OSGOTGGQDCQ: 0'3008(56@088(73

00 ¢ [o] < cc <
AB35gedeoan) cs0005(8¢ o[edecs
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< < Q C . o}
ool Stressqp: 9OPO:6§coD P! Qewrod tensile force gpicoxn cgepqP:0
cgpéﬂo:qeéu

Q C (N L . ¢ ¢ C < < C C N
aQeoncopd: Identification cp0§§320300 stress §p0:00p0 390IF0V:G: AYCIEPORCH
Qﬁeo%@q_]orgooé wo:ﬂ[:eoéoqn
Section @05@3: (Dissection) / [c}orgeooocﬁ@& (Cutting)

Steel plate o% @ogemcrgooé §é:m§:qp:og§ gas cutting §é: c}cf shear @fé:coé:o%
o']oéooén oo[c}o (plate) &) czleo) ogéequeoao 39@[§age§ogé shear eré:or% sgof?:@l[c_‘%:l oée
member &\ cross section sﬁagqésgeog: Gooslpeoq$ oé:oo:oaésaa'll automatic gas

. < C O o < N < <
cutting §p9:C00:0) AJ2§)§ F0IYOI000: 20V

< C [0}

Shear §é:(\3§:0€) G?Q?:[EJI_CD&GQS']I Qézooo: 3’9(\8%3’9682 qu§é:mo[§§:| OQ%C\%(S@CZ Ug

[59501m| material :3980539(35:0%85 o@aoorgﬁ adhesion degree eqp§é:60@5:§<§ load

®§2$ég§2 GC\?_]?U?_]GO)@E: CDODé E)CDD@O(:HO: ﬁ(\)’)gé&)éll (I%GC(D’.)CS GDGQ_PCDO‘S@(S.
E)LQB(SGO:Q@&CII

Steel member ooogqsﬁ Cross sectioné e@[@éooo:eoy) eooocf:g$:e§epoaé eorgcg$:o']oo

(sharp angle @95(\3@:0100) [ eéoaé coating @é:mézcﬁ) 20100061 coated egc}gooaé

cﬂ:cgomocx%éeén on%e@ocf coating 2005008z @Oﬂééeoqc%sgog(ﬁl o€e member

ooogqeﬁ cxgorgeg?eésc;g%i:o% ec;c?o:eo:oé:c\?éqeéu? :oo%@ogooo:oaéu 39:;0:@005:
< < < < < [o} < <

QOO F2gUOFPE:20R0 1 mm 8§ 000:§A0CORDI

° N C o ¢ < : O < < < . c O

ooeau:oom@c:g?g q?oom:[éc: (corrosion) 0y G§QPOOIIRVICV:VR CcoAting O§OM
° < ’] < c O o _¢c¢ < < < < <

093 00P0329 eﬂoozﬁo[g)co? araecro)‘:agqm[c:memc 26RO @l_Q?OODQOD&II

on%@é coating §é:eo?o505| :39@0:@&30 oBqu:oo(rS[éé'u?cf (.H(TQJOQ):@C(S: (corrosion)

< < C O o < N c. O (] < c. < o _C 9

020036300 §a:c\)e:o?a?:cﬂoo [c:moooo:oog PPS:0)  CQIOFIMEE  0POIPO0
< < C < <

§PO:000:8C @l@cqe@u

(B B0

@O’SGCDO(YS?C\?(SOD&TSQS’]I [(}OSGO’)’.)(YSC\%(YSODé ({I(YS?O@éGﬁS’DGIéS’DGOg:?’) [clovmH Q—O

pC1 @[gSed: gdsn[od [m6:008:¢  (maximum surface roughness) 50 pmRy
§S63005§66p5 1P5905002: 2051l @VD: 9 -0 0p¢ secondary member @0R05 surface
roughness 03 100 pmRy 3203 c0058000:(13600500p5:1 WeLs§ cpSa3Ces(0300pd
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)

< < . < < c O .
§pO1CVeIQPE3E|l  cutting 000260 eﬂm.?o@)co? maximum surface roughness 50
umRy §c§3faooo§ qcﬁee@oé @eqpoaoﬁqé; aoﬁé@ézq}c‘: cePeR:Q e@o%cma%cm
N < e e co O < < < < <
qggloaqloo@ql roughness 0$®:0 50 pmRy 0000 1 §2005 oooogooooo:o]oo@n
GQGO’](TSGOO(TS@E: (Hole Making)

ecgpqeé 33@0105390{]05 (cross-sectional deduction) 0'?? nominal diameter ogc°: 3 mm

< < 00 ¢C N C < C s e s .t o
GO’]C:QG&U? B?C:UO)C GOO[(:)@O:OD%SQOg(’DI perm1881ble variation 0.5mm (Tf

< < N Q gl . N < c O . . C
oo&ogczoa:oo:@:l Friction connection 320305 ageoqmsa(q]oocrf nominal diameter o3¢
2.5mm eo]é:eﬁ oooS@oSoaéu o%eoa%coé: mcﬁeogneeoocﬁa?ﬁeqzagogcﬁ

\ Q . . Q Q LS . . Q
©QIECEPCAD OPO:§6R) Gmm07we[§39e§qjo.og0| nominal diameter o3¢ 4.5mm

O < (o] cOoC < O C . - o _¢ O 00 C N
sgooecﬂczqewo enlarged hole 03 @lcx?o.?ca)p_ou oge@oq joint & bleal N leaXelcloteple
cross-sectional deduction (saeoqagdq_losﬁssqlézogé 0.5 mm ecﬂé:ej) @5 ooo%eﬂ[g@sj
o:o%eao:eo:qeéu
™) eolé:068 0p5:000:6000 member gp:03 6w056§ 805300p5335]

-quécx%crs 6§ T2000: ﬁeooo ooor%é 35005 (Box-section member &) longitudinal rib

joint)

- Steel deck bridge &) longitudinal rib joint

®) Member ooo'%qoogQ mcﬁmﬁeoéoés@eﬂm stress sﬁs@e@s@e@ §.<§ cuorgeor&

. < < : < < < < Q <

erection C\?ooo@sasﬂ (erection §@:C\)e:eoTﬁoopjej) op¢ echojw@:sgo']

- 0o wode (Main girder) §c°°: steel deck bridge &\ steel deck zao: qciogeo(vsooéf

longitudinal rib joint

oeoooao:c;.é mé:m:@cfeoao ﬁ(\% (high-tension bolt)e friction connection c§ epogé

enlarged hole 093 o?:o’]oo Section 17.6, ‘Combined work of the weld and the high-

tension bolt friction connection in a member that mainly receives a bending moment’
O Q O < < <

390: o?:ooo:&m 3200 Q002000:CPOEGOICEEII

Bearing connection (bearing 3s00503¢) meolodel 3203¢:30m o303|gc:a0p5

0)8&)86§Gp6”03é C\B(SC$§S§ 8(7353? 3’308(339:?083360T ({P:Qo OD(TSGSP(YSS? gopaéu
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ocC 0o [N . . N N N (N < N N o [N
sc;or?c:araooooocrﬂ@c: (precision) &C 00500050009 MD§VOIFMGP:OY COMEGOR,
[N C N [N . . C N N c
QQOC§: Qs GROICEIEPORC allowable limit 39@0 20056050020
° ﬁ o _¢ oc¢ C o '] N '] N C [y [y
05070:61  IPOOIIQC: (member) 020900 FPEOIMGBINEPORCI WOIYOI00D:EOD
c

< C O <

@QJE:@O%E: CDO)@']CDES GOOO’SQ)@:‘ c?é:CDQZﬂOD&II CX%[(:)C(; O@Q@:g’)

Q "I < N5 N N < < oC . < <
Q0000360 (YJGOO(TJ[BSI G§Om? ODOD?O)SQ(')?J(DG’DCQC: reaming C\BOOD@

< C < [o] < C < C . o¢c ¢ < (o}
§PO3C00:C0P0: QIOOI GC:§P0:0RC  erection ©opCacl 0o member qpP:op
colC:08008s08a0p5  e6d(golgpSicud:  qjocdiopc  euoopuyEe:(e  drill o3
ad:(0n00pS1
Erection GC\?SSE aao%@ogsgqugsao%é: 39@01(75@00(75&)&5399% precision oap_g
s'aeq:@:oaéu o%e@oé: oce member qlo:ogé template o?ej aaeo']ogemogsﬁ

e o Q . .M NoSesloSe&:onaS oS NP <,
Q005605002:20p01 Punching §@,@q 36010560 m[éc.oo& selcaloal=ebalaviebl
C N < "l < < C < ¢ 00 ¢ Co < < (o] < .
GC:$pO:000 F2GOINMDVOI0CICOPI0RC VRN DG @weo)oa@u oge@oq punching

C O o C < < < ° <
CYosHea) oo[gmscao:pL 1l6mm &¢ e32000c 056200 secondary member P:320300000 20:6$

< < ° S < : o _¢ oc < .
gg[;)looo:oo@u oo[g)o:saog 16mm eogpo0pd material 3200530C:qp:0g¢ punching

< ° < . < C . . < < c O < <
§p0: a?:a)asgsﬂl construction test cr)o??@g joint & 96:6300CEPIM OOCIO:EEROI
33907(73095(%(59 sss?osaaooqp:ooé material sagogsaﬁézeﬂozsﬁ oéeoorgﬁrﬁ
@m%@m:@éeo%é@u bolten méoé:ogé sgcﬁe[zaoéqu: @SeoTeo%’éooésraog(ﬁ

O . C <
32§030900q0: 0 grinder @99 ©2:60:66p0I
9) 39@39::3)@ Qogé:@é: (Cold-working)

Cold-working cx?f)epogé steel &) eomcfo:f::%éeoﬁ (toughness) 0% GO{I’Q§é:GO@é:I

2ode(mnd:gp: [30e0(5c:03 (68S0pS1 Be(né primary member eologé  cold-

working C\?Seeoo&ﬁ C\%C«E(SO]OOI Vol.2, JHBS &\ Section 1.6 326 oaéecqrgeooo steel 093

< < ore ﬁ [o] . C (o] <
©§: g€l og@c steel & Oeooncomaqp:  (mechanical QaROPGP:E0R0)
eoS%cﬁeoeﬁsaogoSl Gl?spogo&j Qoocg_:noo&ﬂ(ﬁog&@& @:@:m:m: (large deformation
locally) e@o%eoTc;oq§ Gmoéatﬁqj(f)qp: @lcx?éqeéu

o%@é Bending work C\?(Seaooéepogé emcﬁec&%@o']sgq_](ﬁqu(ﬁ e@mée@q@éu
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6)

(o]

m) sg@ésgq?osaaom Notch [595ecooeoq$ @cgﬁeoaéogé press blade §é: cradle qp:o
[N < < [e < : (o]
GO0 Q§4CCE 0L G600 @Qc:sﬁ @4 (edge of bent portion) op
¢ O < ° o« . <
32§2:600C: 0026 F2§p0:9¢: (minimum chamfer) 0.1t coo:¢epoi
9) eog:eé: steel plate &) 39[5)500(730% eeog:qeoa:eé punching ecx?éqoflu o?ogcx?ﬁﬁ
[o XY C (*] C < . . [0} (o} C C C C < N N <
F20C:0RC 300! distortion o) @loocooooej)oospogc Qﬁm§wmqjmwg
390:;'_][:@050']"
sgﬁf@cfeeooéacrgeooo C\?5c$z (Hot-working)
Quench hardening §cf metal tempering cxgéooo:[g):ooé quenched-and-tempered steel (Q)
N _O O . NS < : < < < oc¢
opoQeaon steel o) hot-working c90¢)$320300 tempering C\?OGSOOCOD@S’B& 20])$
(650°C) co00d Gﬁ)f)(\g%[@): sagfeozcﬂoo heat treatment cqé@éoo qﬁe}csooo ch%oogg%qp:
° o oC < O < : [\ < < N O c O
9091439978 GOCOQEROII ogs@oq Hot-working cp0cg: cQ0G00CEPORC QIO
ec]péqeén
Quenched-and-tempered steel 093 sag{qﬁsseﬁl:eﬁl:@é sagfeo:[g):l Gm@é saeaazéooéaaa']
@5@0Tmeooo mechanical ch%a)cg;)’qp: G[;)oézcx\)ﬁo% @-° ogé e@%@ooo:ooéu
< (o] < < oc¢ < < < < .
Q0PY0209M) temper OV IQF|§C0M eoqpc\ﬁﬁ esﬁeeo:o']oo qc:sﬁ mechanical
e .9 . <, o s . Q o¢__. ¢
QU522 60qR§R5:000907 ¢S eoR§Ea03I

c O

Thermal mechanical control process steel (TMC) qp:ogf: hot-working C\?(QJ@C:O?
ecjpéﬁp:qeéu
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600 - Tensile strength

E 500 B Yield pOiIil
(S =
) 400 !
S S ' ion oy - 130
2 _ 2
Z 300 - 4100 2
5 E
E g
S 200 |- 170 %
] «
2 '! Elongati &
= | 3longation 4 40 B
” 100 b A——A 2

o L 1 Y Y U N N

0 200 400 600 800 1,000

Heating temperature (°C)
Figure 3-1 Changes of Mechanical Properties by Heating Quenched-and-Tempered Steel
Q) Strain c905<jp:[§§: (Strain Removal)
Gas flame a?ﬁ Strain o%@l@éooé @e@me@qp:saogcﬁl Q)OS?OSQ_](‘XSQP:
@go&ooo:cﬂwéu Japan Welding Engineering Society &\ chgcoogrrcf’: me@éﬁ thermal
mechanical control process steel (TMC) 390805 sae@sae@qp:cr% oao%g;orgooo:@&
C <
@wwgn
) 0000300590&‘[3085 bolt hole qp:sﬁ 390%5:39000 ogoqlﬁ (Precision)
Bearing connection ogé ageo']cﬁqp:eﬁ egor%ézegory) o%cqﬁoogc%:oaé sseo%gqp:
[ ocC C C c 0 N C C o <
C§€P]|002:9 amaﬁsraooearac?msraeoT Q[P @0 MIEEPOOQEIOPIZR| eseoqmcew%w‘?
C C C C C (o] C < co o C C < C
QePugC:9 §c°ooooaoo§j oooqj[c}oooao:wg 00§®:qP:N oooo@oo@go.yooo:ooan
Friction connection ogéﬁ joint &V gé:eaooéqé?o e&;eo’lcﬁ(e(ﬂ(fmgé:@é:e@oé
09:09:@0:@0: [g)ooo.?o ooo°>o°Booo°Jep eﬁoaé:agogﬁl bolts ooéfogé:@é:or% penetration
C C oc¢ < o C oc O C c C o C C C
gauge @g ©0G80:&CORI oge@oq gﬁsra(ec:o? ORRO 80! @c?mgo?::ooqlooogc
< C N\ ¢ N C C (o] 00 ¢ o < .
g|$cp020p01 Bolt copdogc:ep screw thread o) 00m¢ eqeoqg! penetration gauge
33)C:03 bolt e nominal diameter 03¢ Imm 60lC:qepS0p 2005605002:00p51 3050
N N C N ocC N N N C N N
2> G) 0xC eoo[c}ooo:oagsaor?c: QOODEOR00PIGIIMGE0RC BQIOGEPCIND GO

me(né:qpie(oapé friction connection § nominal diameter 360lé: 4.5mm 303§00p3
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enlarged bolt qp:o% of?:oaésga'] golqeé penetration rate §<§ stop rate or%or?? @uoDe Q -G ogé

C <
GO’.)E:)(X)’.):OD&II

o< . . C Q C C oo OC oo < C < C .
%@C Erection site (780 CDOODO)O@C?(BOGQC?C: (I.)ODUI% mg@wmw@@%ml erection

method 3acol ﬁ%OOéL(O):I main girder o%eo?org main structure col ogo:esporg oocSaoésﬁl

ecvoceolnd (vent) o@:sﬁea%oaé pilot hole ooo%@ ooéogé:oaéooéu

Table 3-6 Penetration Rate and Stop Rate When Enlarged Hole is used

Diameter of penetration

gauge (mm)

Penetration rate (%)

Diameter of stop gauge

(mm)

Stop rate (%)

do+1.0

100

di1+0.5

80 or more

do : Nominal bolt diameter (mm)

di : Enlarged bolt diameter (mm)
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J 0@006@05@3: (WELDING)

Q.0 newesod(gé:meogecy

. < C Q c O C < : o O <
Joint 0209g|C:0320905 (030G NELIIEPO36Y: (Weld quality) 07 §qeoe$!
< C C < (o] < NN ¢ ¢ O
€30M0RC cm@)ooo:eooo 29|00z} GAOJPFO oa:oo:sjl ocooeaoo@c:q?oc§:qp:<rf
§$m$go C\?f)eaooéqeén
on 2%ead (Steel)e sgqjl:arao)o:§c§ 8@03030)02csaoqu

Ji Welding consumable @eﬁpa@m:gﬁ 8ea>oamogcnnqp:

N peez0Rel BapSHYC:(5p25y

g Joint 0289@l 307C:3202 Bo3ies o}

51 Welding condition §¢ o0503§uonogpS:

B 0ees0S(BE: 20305 sefamesgpias 0:00:qea35g0Sep:

Q<

QU Weld zone q_p:orof ®o>eao:[§c°:: c\?50$:oé

oIl éeﬁ$o°393$:§c§ ecﬁ)cﬁé"eoao ogé:qp:sao: @[@éﬁ (Treatment)

Welding joint ogé 6025005 (butt joint), T joint, corner joint, lap joint omJéo% o']oéoaén
é%é@ﬁﬁ (strength), eoooéoocc::ﬁ (stiffness) §c§ §5mﬁ(rigidity) 39080& cx%agf)eoao
N C o [N & C . . < N N
0eweN FGUOTPOEE QOISO oeoooooooo@q design drawing o3¢ e@o@ooo:oaen
oféeoo% oeoo[gscf: m(ﬁooo:coéf 35005 (welded joint) ooo%qsﬁ performance or%
oemoae(ﬁooqp:sﬁ e@g@auorg O)OS?OOé:@Cf eaﬁ?:@o%%éo% qé: performance oaé
c Oo¢ [\ < N [o] c o ¢ [\ N
QOMIRCEP  AQOCH:OPQP:! 39[<:)o>3fa§oagaooqp:ﬂﬁ OOPOMNEE VMOV OP|CV3
an%oo%@ (metallurgical  properties) qp:eoTogé dﬂ(ﬁdﬂ(ﬁ@%@%ﬁ ﬁooé oF
C N < o< . . (o] oc ° C <
e@oc:mec?oa@u ocg@c welding  joint 0 0GLIYC:gP:3:AP:RC eoaqpeoqm
mogeeo:.%cc:eé eo?orgor\)l C\Béc%;:@:af?:? welding saqésaeog: sa[c:)é:sgo 100% qﬁe@oé:
C < < < < cOoC [0} C < < cCo
@oeso:agm@@m'wom@: ewo?o{l:rao:@c, e[c}o)r%co']u ocesasumqp:e@og F2CQICSUD
¢  Samdeommenymdgp:  [Gpdoes(S:i ooéeagbeorn  working  instruction

(39$4§a§_>:390:[§9cf Qﬁsgc%orgé @go$:ooo:oaé saq_lcrgq_p: o']ocezcoé:) o% eq:a@so:%éeoao
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2Bopoor Bmeo(dqp: gopeanndeanndfas weq:(odioopsn loé joint scz0d
wGeqpooy  Bapomecy: qfiqsl  work instruction §¢wp8  9§9dondons
09583038 q9ac0ps: cobope0dy| e (diarpdn

cja0o0p) neLIBAROBER:qF! 2430 elgdoey P66s0:qeRY BaINIBAdYPIO?
oes§iogs eoogpgs coS(GoonieanSondii newmepSmeog: a3 0ewesoSae
epSmgisias oSoSengl ooodgmecTogdonns: 3038130900089 308 9orpSTlooaS
dRelope  pocicge cloCoosaondopgpradpd  00o3403(ggagi000:0p3  pR3(e3PiqIed
(instruction) 6] sqoSmeo0Sqpicd [Boose eooqpgSicodign BemicopSooniqd
cjadoloopdn palodp:quodgcaepd @oo3cqtagacgast joint gpisl  36e:(3:¢s¢
09003Cq 205800pmalgmas 0apSKRaY (Gplm0 ap3ogliepiencudioyl ples:
BPOE0y: 0B8:q|0cq:0§08¢ §05:c06: (work control system and method) 00903
ope00rEq§0nS: §aaSarpSi SBGE 2086050001003 neLesoSEE: cpScs:od (welding

o C Crec. O ¢ .< N < < < <
performance pI'OCCdllI'C) G?O?C: OGODG&DO@C:O? 9@,»9@,»(73@()0@ GSOOCSU)G)O:G@OCZ

GooupS5o5:coS:083c0pS: [B30o8a0:(GoScon:qupSasasgS

?-J-) Welding Consumables

(0) oeooeso%eé steel @ sgqj’Lzsgoo:eoT ﬁmé@:l ssoéz@leéf welding consumables
(oeooeqpéu electrode o>oaé) 0% Gg:qlcf)qeén Welding consumables ogé joint ooo%q
c O C < < N : C (o] [o] <

czloploafavlc-Toleovs) o']ocogpj:qp:?q mechanical QanooQgP: 8ol

() em(ﬁe(yg@o'] agauors 0)e?) §§39£° 0@00@908@5:093 eaoocczacﬁo']ml 3200050 39(%:3 (@)
(o] < < oc¢ <

o e@meweu? Goisel YelovTou]l

o) Welding consumable §[§03909@[quc§ QL Q-9 035 e@%@ooo:oaéu

Table 3-7 Division of Welding Consumables

30):(0qepd Welding consumable saq:aee0:qp:

Strength opeooo Welding consumables e  mechanical Qm%oogo%ooé
(o] < < < < < co <
steel gp:0p oewd 0eOMe) oce  steel qp:sﬁ eeleal-Topleat ST Yo
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s00SBE:

creSepeSi o§ocncs B@Sawed

Strength eopeox
steel qp:cf?’ oewd

SRS
aooo[éc:

Welding consumables &\ mechanical an%oag)%oaé strength

< <

38600p oCe steel @ a00560500§8:qpie¢ RPSEERSN
Fouyo3 §af8Sa0es

Toughness oraéc;ooo
steel qp:o% 0ewd

Welding consumables & Toughness :)3@Q oo steel

N

33(70)(73 C\%C-DLC)GOD’J U)$(O?ZG{P2§C(: Ofeeoq@éll O%@(IL)UJ

ooSBE: 8BS qeaS

Toughness eopté Welding consumables & Toughness oaél Toughness
(o] Q0 ¢ < N (¢] < co < Q <

co steel gp: 0§90 ocCe steel & CQI0GINV$BQPISE 0ROl

CRS
9]~10p) aooo@c:

o003 BifBSaveds

Weathering steel §'cf
o
common steel letler!

NN
OGU)@(D@C:

Welding consumables &) mechanical ch%oog)% §<§ Toughness

ooé oce steel §<§ oreéqeéu oféeu?org c%ﬁ@cheéu

Weathering steel
< c O
32g|C:g|C:0p 0GWLD

SRS
OOOO@C:

Welding consumables e mechanical properties,

< <

< Q C -.0¢C cOo
Toughness &¢ €pa3p0R3H S&CEPOI@OP0 OCo  steel

<

qP3¢ Rp3aeRS! ogeuros GefedqenS

J) emﬁe@@cﬂs@e@s@@qp:ogé low hydrogen type welding consumable o%

agof?:@lqeéu

o) Weathering steel 093 oemaocrgooéssa'h

s) SM490 §é:39000§ steel 0% oemaodgoaéaga']

Q) Welding consumable 0% c@ocﬁeo&ea@oé @l_&?é@é:

< Q

o) Welding consumable q_p:o% oocf:ecqr%@$oo§go o?ec?oéogézaoé: ooo:e[@oé:

2pd[g[B:90009 Foy:{g|qepS

®) Submerged arc welding 390306 Covered electrode §\c§ flux gps (‘Tof @UOD: 7O

58 eax: 9-g S30pS ceSfBontoopSmc3S: dEooSeogeamnd cn:§qensi
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Table 3-8 Drying of Electrode

Electrode type Dry condition of electrode Drying Drying time
temperature

Covered-electrode | Seal go@:ec?fxﬁ (c;[éo(f)c:;::»g° 100 to 150 C o@%gf:s@oo(ﬁ
for soft steel cand m:%@:eq@(ﬁ) o) ﬁo?l

g?awocﬁ@ooaésaah%eu?og

electrode oa@c cqc;gﬁoeé\oRooo:

oaéu? %aoqoaéagaﬂ
Low-hydrogen type|Seal go[s%:ec?oog (e@oo%eogu 300 to400C o@ogﬁcf:esooog
of covered electrode |eané ooo:ﬁ@:ec?oog) S §os°1

e}é:sgoocﬁ[zna)éssah%eu?og

electrode oaé eq@goo?é%ooo:

ooéo? q?aoqooésga'l

Table 3-9 Drying of Flux

Flux type Drying temperature Drying time
Fused flux 150 to 200C 1 hour or more
Bonded flux 200 to 250C 1 hour or more

ssoocrscﬂsaqlcf) () 2) §c°°: J) ogé welding materials §[§os@o?@lceo% e@%@ooo:oaéu

Weathering steel §<§ high-tensile steel 0%390305 covered electrode (Gqf)oooé

< < C c O ° < C N cOC < O < < <
30002 0DY NGUIGIC:) OO sgogz@loopjsga'] PP SKCHPON) 0PI CIOD:0
Q (o] ° < < < <
k.'m low hydrogen type electrode 05000 srao?:@lqe@u? Q003905002: 200l

3305 Q) o3¢e submerged arc welding @og0d covered electrode &¢ flux oden

G@O(YSGO&&? SQG@GBG§ §(§ 3’3&?:@[(:)[@0333\) Q002

o'Sefﬁo‘Sgg&qp:(ﬁ eo%[(:)ooo:o']ooéu
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[0|g§ (unattended time)




Crack E:sogcoT%ée@eﬁooé oSech;qp (mild steel) ogé @o@:@lqeé: electrode (f’l)
oﬁ?:oaésga']l echosae@oo%sa@o: og&&ge@of; egﬁmcf:eooo:ooé gjo&xg&qlcﬁqp:

N <

< oc¢ . . < < < c O N
E:som)o.?coag 320001 drying issue 20p5 c\q_lom{"mej eq(ﬂu @mwe@oqa?c;m Hydrogen

<

o']ocgﬁéoog (low hydrogen) electrode oaél hydrogen @@é:ccﬁm o?orgcgorS@&'?cf

2od3g 5&Eaw:(crack resistance) eomligsas:  coopamgSgp:oopd  electrode
BowpSwogos  foogamql  qic}  SGoSqoSBieospd  8503SozuSiepict
eqpi(035[03qepdt Hydrogen cloSg8&oopS electrode o3¢t @Supoonionps eeeg 03
2aSoocSqprqf Bwdoopd aBrossqens wedss Bodiapid wosecsBgos:
000:20p511 & 9-J 8¢ -0 03¢ BoPr6(g]e00:0> c0o:§&Eeom gE[0|4$ (unattended time) |
9S0p00n:003 Gejeg, (absorbed moisture) §¢ hydrogen G§goesan (diffusible hydrogen

N o O C

amount (HGC)) or%tsﬁ aocf)ogwﬁo'gcrf e@o@ooo:ooéu

2.0 __.--—J"”T

B17 (ilminite type)

LB26 (low-hydrogen type)
Humidity 85 percent

Absorbed Moisture (%)
=
|

0.4 Room temperature 25 C
f ] [
4 10 20 30 40
Unattended time (hr.)

Figure 3-2 Relationship between Unattended Time and Absorbed Moisture of Covered Electrode
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16.0 —

(e}

S

£ 1404

2

g 1201

5 10.0

= _
<

§D 8.0

s /]
3, 6.0 - 7
= 7
2 -1
= 4.0 -

&

A 2.0 |-

[ |

0.4 1.0 : 2.0

Absorbed moisture (%)

Figure 3-3 Relationship between Absorbed Moisture and Diffusible Hydrogen Amount of

Covered Electrode

N cO o¢

poeo hydrogen $e§oa@ electrode oo§§>or°f sraa$: asgzeﬁqs 25°C &¢ oopc:so (humidity) 85%
< o¢ Q ° N O oc o ¢ C < N
srae@sraeg?ogc 329§ 9§oq@o sfao?:e[g)Leoo:oo 3320)C: ooo:cx?mo']ml GC:QOURCODI6R
co < o e < < c o ° o <
cqegen 0.4% agqesedl ong[g)c POOROODI VDY G§)6E,0RC §)600 hydrogen ¢ §0e20000
(HGC by the gas chromatographic method in JIS Z3118, ‘Method for Measurement of
Amount of Hydrogen Evolved from Steel Welds’) 5 to 9ml/100g @o:éﬁe@oé
Esogoaén gﬁ(ﬁ§:0@3$:qjo:oaé JIS Z 3212, ‘Covered Electrodes for High-Tensile-
Strength Steel’ ogé e@g[g)ooo:eoao hydrogen ¢|&@oeoan sgo:cf?:?cf cﬁcﬁéwé (ewoos
Q00 035 @écﬂ)u D5016 series electrode qp:ogé o%é:oooooo:wé hydrogen
° o < O o C C N < ’] < (o] °
QRO qEO3QPIN § J-G OC em[(:)ooo:oo@u czloelontél B -Tloplt o ool ege@asj
Allowable unattended time ¢ 28 2095 20§6aq5a0p5 U Vr80CD:(MRRSI
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Table 3-10 Surface Diffusible Hydrogen Amount of Low Hydrogen Type Electrode

Type Diffusible hydr_ogen amount by gas
chromatographic method (m1/100 g)

D5016
D5026 15 or less
D5316
D5326 12 or less
D5816
D5826 10 or less

o

o

< 16.0 —

X

§ 1aof D5016/

S 120}

@]

% 10.0 |-

=

S sol

=

2 6ol

=

[P

é 4.0

% 2.0 -

= ’

A ! L L L

1.0 2.0 4.0 6.0

Elapsed time after drying (hr.)

Figure 3-4 Relationship between Elapsed Time after Drying and Diffusible Hydrogen Amount in

Low Hydrogen Type Electrode

Submerged arc welding ogé flux 33[;95 ogéogéoqlﬁqog sso?@looé fused flux ooé
< < C O < < < < o¢c ¢ o0 o¢ N
399@0300(»390:[;99 COCEM) POVRECDD:EII0DO:! @gm:csooo POJ$&EC POPC:00C
< . C < C < ¢ O < < O < N (o]
gCsparticle q_p:sﬁ euooc?o@cogc caeg.qP: oooe@@c: §I02022001 QIR e flux o
G@ocﬁeognemé @)ch?f)qepéu 39[%0:0003(905035 bonded flux &\ particle qp:ooé
o ¢ < N C < < < o¢c O N
eqegoRpdcpaoplmadl  elgoodeogemad  [gepdaenl  wqejyop  [ggenige
oooS@ogooo:wén mg$$§emcﬁa§cﬁ eoogeg’o% eoorgegoegmo:as@o% Q916200 semi-
. . [ . [0} ° < < N N <

automatic welding 309051 flux-cored wire o) o.?:oogegzﬂl COCE.PO0MOSE ooooomej

326032 Sécaooégcrsqep_gu
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oc%ara@)é CO2 @oorgegnogcc: eqegooqoémésaeﬂl oemooo:ogé GC\D%GO’]OS/G']OSG%:%GO’](TS

(blow hole) o¥adeax go50gc:qodgp: (8deulaon&éoopdu JIS K 1106, ‘Liquefied

Carbon Dioxide (Liquefied Carbonic Acid Gas)’ ogé e@%@ooo:wéeracy%ézl
"] < < o ° o ° <

caeg0l0CH§PS:6a00 32q||:3202:20:0) @o?:@[qegu

< < <

’\)J ’\) 338(733’3(%8:({]0: U)O&)CGT)O’O)C m(ﬁé%éa}é GQgOéﬁ

(@) ogé:sgo%ogsac??&q_pz oocc)eo&pogé C\)cﬁé%éoaé tolerance (assembly tolerance)

.. © 0 Iy N Q. s . Q [ URY < <
?O _]Oll’lt SOO% stress ('YPL:G[(:)’)C:S% GQ_IOG@OQ’) @@GOTIgZI _]Oll’lt@'ﬁ QGSG&)OCQ&OD@C\)E:

Co0OC N < < o C o < <
Q)(YDS%CQQD @@G& tolerance GQUBCZGDU)O(:H[: @@q@&u

(J) Assembly tolerance oogQ srac°e§ ®) e@rg@qlcﬁqp:?é cﬁ)(ﬁéo']m 39(?_)5 (@) ooé
e[c}méoaéu? %aor%éo']oaéu

®) ogé:sa%ogsac%é:qusﬁ assembly tolerance oapé Gooo?qerao:@'cf 0390(73035
005500012005 00§ :qp:3038: [B8eupSi s3eo0SopS: gS[G8Se00n me0: 0§ 8:qp:a3
welding procedure test (0@maoc75c950$:oéa% oo%eeo:@é:) @95 39009_3@[61@9_3"
o) Groove weld (Gmézsﬁl:ooo:csooo Gs?epcﬁ 0@0’)9005@3:)

o) Route distance error - wo§9o§m$$z I mm §cfesfaoo§
9) oo@o (material piece) 320000026 ogé%’leoao eccentricity-
t<50 (??Qo']:eooo 05@0:3909313 10% §cf 63005
50<t 5 mm §§ 63005
t: (?)Qo']:eoao ob@o:sﬁ czleo)
o) Backing strip (ecqpoocﬁogé =Elopllocptcevs) oogn)[sc;@o:) o?cglé adhesion
degree- 0.5mm §.<§ 63005
20) Groove angle -000500500§3: 10°

J) Fillet weld

o5(0o: @ adhesion degree- 1.0 mm §§e@205
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a: Route distance, £1mm or less
b: Eccentricity of material picce in ¢t Adhesion degree. lmm
plate thickness direction, 1/10 of |_|_LC or less.

thinner plate or less and less than 3 - T

mim.

a

A
3

. d: Adhesion degree with
a: Route distance. £1mm or less ! g

b

_f_ b: Eccentricity in plate thickness I backing strip. 0.5mm or less.
direction, 1/10 ol‘ﬂthinner plate or =_E

a less and less than 3 mm.

Figure 3-5 Assembly Tolerance of Material Piece
e...9 ¢__9Q N&: 08008208 Q og, o} UK S S
0QPO:FTPOOOI?QCIGP:  GOICIO000OCHPRC  F>OPC:IPON oocqﬁeso,c?@.@c.oag
C N < (o] C o o ¢ ¢ °
completed (oooeoc[g:oa@) members eﬂo:eﬁ OOMQ! C§IMN: oooco:ooo)oc:c\?:sﬁ

Ug(??.lﬁf()‘%(ﬂ GC\?L)(’QIGG)%]ODOG(T)I G§€p39(\o?(73 OG(D&)OD’D:QJO‘.’(TO.BO'] g]USOgéL’GH(TS EMQ)GOTG(D

0C_ .. 8. © < .9 ¢_o¢, s terial i S blv tol
&Co0RdI onae[z)oq 0PPO:3O0OIQC: qp: (material pieces) @l assembly tolerance oo

8’) [-8/)

. < C OocC(e . e < Co0OC
joint e§epORC stress 6gpey,go (rﬁ:e@oc:.?c[gzl joint & performance QOO COMBECY

< N O C < <
@@03@ tolerance @UBC'.’@UJO @@q@&ll

gﬁm@:‘;ogée(yg[(}om:em o':qﬁégg@: m@fﬁ:qp:ooé ‘oemaoorc)@é: gé:eméq&g
a?eésp q@c%:oé93$@n:auogogé e@rg[(:)ooo:eooo (B$:om$:oo$(%:qp:ooé emoé:g@eooo

’

(o] [N (o] c (o] c C O <
0CULIM Goas?_peo']m §QSOeR0 " SQAPIIFOO [(:)oaec?wgn Groove weld & route

distance §<f: groove precision ¢> Builder ageoTogé ﬁooéﬁl variation ﬁ%éwéu o%eo:yg

< o _¢ [oN Y < < < S co . O
0PPO:FTOOIIPQYCIONOPIDORM GC:EN 3 COePORCq e allowable eccentricity o)

< < < (o]

20050056PARCI 0O0g (precision) 08$:q$a<f)§oaé steel deck joint §§ f:erqp:sﬁ butt
[ N O . - o0¢ < Q < < < C o C C o C <

joint 0399 joint gz &COPOV? 0990[9: oooo@oo@oagsgogm| Q9$OMORC @[cx?oeo:n
oeooaooﬁ@é: sraogorg mé:gg@qlorg (guide) :39@95 ooo&forgcoé allowable limit & lower

e [N ¢ Oo¢C < <
limit [(:99 QQOMICIOCORI

Fillet welding (¢¢ soo5con:00p material 380533C:qp:en o3mSg 80§ (adhesion
degree) 2005 welding lineoy¢ 00200560050005: RLSMERqESI 936005 material 0
g 2 g lmeog PO CRUOMREONERIN X 3

< [o XY C < C < < < < <
6R:000:000333E:600500p5:60m8:1 G0ps005  (butt  joint)  gqp:eo0500pS:6070C:

< N Q

%’looésaam %JOSQBC:QJ(YJ({P: @éGOTC\)O%éQDéII C(OP(T:) [clovs) 396@39@§({|0:(73 33[(:)8?890

ST-50



oc¢C coCc ¢ [N (o] [N [N c (o] c [N
00§:§|[0§CE§$320R00! allowable value 0D 03903601l G member 000930 39@0:

member ooo%ezsm 39&)9:050% GGYJ(‘YSGj 80050002600 cruciform joint or\)a% fitted joint ogél
Qéc.%cx%a@ﬁqcﬁe@oé @[_’éﬁ (adhesion  degree) on ec\%cﬁc?o%éwésgeﬂ

<

cmcﬁo?co%@)qjcﬁqp: @Lc\?f)sﬁ 0%39501wé||
When 1 <§ =3, increase the leg of fillet weld by &
When 3 <8, groove weld
Where

8: Space between materials (mm)

Member gp: ooéao&pogé support device (C\35c$:csoooc75<'fe ogé:) 03 oSoSeepoSesan
sgoéz[glcjl oeooeaorgo]? (welding operator) oop_g sgeoée@eooo 33e§egooo:@cf

< cOoC ’] < O < . < . ¢ Oo¢C N
0QOGEODC&CEOlEII ogsa[z)c Base material og¢ supporting member (6o00003C) &¢
strongback (sm@oo:%:) oaoopj wggls%ﬁlzsam: eo@éeooo ogé:o% ooooSooSeoéoaéf

[e] O COC o C < O N _O Q < < <

39@@39&?9_][:0? FPODOOKESD: GYPCEPEEORON CPOYIEAD  BIPVO02080CH GE:JOQ base
20

< < <

aS’BSI]I @Q002 ?—OG 0139(738: @§C\D@ @é@éq@éll

. 00 ¢ Coe
material 0RMQ|M0:
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Q-G newesod[gé: cpdes:od (Welding Procedure)

(@) o)oScfogocmssqésgcqg:cﬁ eoaqpsﬁeo)eé §é:m§:[§c§ oc;u:aoorsg& C\?f)c:%:o)é(ﬁ)
C\?SOQféeaooégcrgqeéll

() oemeaog[ééxm: earaocﬁoqsaqlcrg .§(ﬂor3 o) G)Q}cf::{aé Gaooég_orc)o']ml 300050| 39(?):3
@) or°? e@)méwéo? oRao.%éoaéu
2) Welder 390305 wqéaaq_lézoaorggoorgqlcﬁ (Qualification of Welder)

<

o) Assembly welding ¢ 00§ welding cpScs: coda3Cepdon (welder) aopd
cae0050laqpSaagiCiqp: §qepdi
[6§0°86¢ cpbouigp: cgiéioqSy & 0o390d  [gogreqady edeso:oony
0g6:0qCp3e333605(0] eose:dqp: o3ewroS welding §pS:c0é: 02899iC:8

< c Co (*] < < N NN
@%m @C(HC?Q)’JOD 330339?0)@[&)@ 39(\7320’[2 OOGG‘.’gqu GGQOC@C

N

[]

ooo:qeéu
®) Shop welding C\?&Pféeé welder oagQ oa?ooéeaoocﬁeqzc\?f)c

ton

oc ¢
GUBCSC

Qo
s?.

e
(0p)

35

¢ ¢ 0 < < Co ¢ <. 0 < c O
OG(DC\?OC§2(T? GC\)?C', 3200MI o:oosn OG(D(\?OC?:(’Q J (\)?Q 3200 aoooo?

C O

cx?oo?éﬁg:o]? @5q@éu
o) Site welding C\?&Pféeé welder coé oemcx?f)c@:or% Gc\)?cf: ceetes
C\?&ﬁ;éﬁg:q@én araoéz[g)leé oemf],é:qp:?cfoorgoo(ﬁﬁ sseogaara@l ﬁ@

(¢

o?eo?ors d'?ecv)cfgeooo training 501@:0]? @5q@éu

Ce)

(Bs

5610
J) oeooeoorc)[ééz c\380$:0é 05:335@5: (Welding Procedure Test)
esm(rgogéeo'g@ooo:ooé 396@396‘?‘?‘%03%088 Welding procedure test o%
C\?(Scleéu
») SM570, SMAS570W, SM520 and SMA490W 03& One pass
(newax:0060g2) 03¢ heat input 20p5 7,000 J/mm o0 coqpagdeyC
) SM490 and SM490Y o3¢1 One pass 03¢ heat input 2095 10,000 J/mm co0’
GRS

0) Shield metal arc welding (manual welding only) 1 gas-shield arc welding
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(CO2 ooorgcg° o%eo?ors Ar §cf CO2 eoogegosgeep) | submerged arc welding
< c. O N N . < C O o <
§p0:Q06:0) BUPOIV! 39[§o: welding §pd:c0e:00 29:9|C

20) odeaRodom: (steel bridge) 390308 ocBorScx?éooéaocS@&?é oorgoo(rc)ooé
< < [o] <
©00008:6§/0Q|C
< < ° < [o] < < C ° . C
c) wacooaoasao?:@)m:@c:@ﬂw@ 0DCRC:OR 0O materials qp: §opag|C
o) @o?:@tooo:oaé c\?f)c&e?o%ooé:eé’lem Welding procedure or% c;g::ﬂcﬁcgjé I
Welding procedure test o% walm oraéeooo 33@@39&? o%eu?ors
[e o] < < < < C N < Co C
QQO2C:M)0GIN 39@@39@§qu@9 QQOGIOOCIPI0 OMQLC  test reports
O N5 < < N ¢ ¢ > O < C o < <
P (03881 oofongoopy  cpbegimacpamdifiony eadqlsdoops v
ac"e:[c}orS%éon| welding procedure test ecgéeﬁ gé@ﬁéwéu
< C < < < < < C < < <
QLD Q00 OpC e@o@ooo:eoao ©0:2008|M0gP:3$MD VCEOYYICID ©B:0F|MD
(o] N . < N < < < [e]
Cleles) eg:auoo@u welding procedure test cqoqcﬂe@u 06:2006p0 steel g0t
welding condition or%opf eg:a?_l(ﬁepogé ea@oorgogé e@%[(:)ooo:eooo ™) ¢ w)
< < < o O ¢ N
2003605g|MgPD CYM§IERI

Table 3-11 Welding Procedure Test

Welding Shape of ~ [Number

Test type |Test item rocedure ) of test | Test procedure Criterion
p test piece piece
JISZ 3121 The tensile strength is equal to or

. No.1 greater than the standard value of
Tensile test 2 (JISZ 2241 the base material.
Guided bend Cracking shall not generally be
test NS Z 3122 2 [sz3ix  |generated.
(Root bend for
less than 19

mm) (Side bend
for 19 mm or

more)
Grooye Sf:e JISZ 2202 |Three |JISZ 2242 Equal to or greater than the
welding Figure |No.4 for each standard of the base material at
test 3.5 site welded metal and in the portion
Impact test . - affected by welding heat (average
(The location for collection of the test |of three for each)
piece is as shown in Figure 3-6)
Macroscopic _ 1 |[JISGO0553 No defect

test

correspondingly
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Non- Test Categgry 2 or more (on tensile
?eessttructlve B ?(l)?gf 7IS 73104 side)
Overall Category 3 or more (on
length compressive side)
Fillet Macroscopic|See See Figure JIS G 0553
:;Stldlng test Figure 3-7 1 correspondingly|No defect
3-7

m) aéeoéeoéogeooo 39@[§396§q_p:§03é steel plate q|o:39§c75 399:%9:?
ege[§eae§§ea)o steel plate 03 test plate 33@5 @o@:@lqeéu
< < C < Cc ¢ (o XY . C <
9)  OIMVOOMER06R C\Poc§:3ge[§3ae§qp:aao?c: Welding  cpogepdi
S < Qe . .. o o
20§00 Woepy welding positions  (060>200:00p06s6P) QPP
(o) [e) o . " o < <
80:07][:32qP:89:6000 welding positions 0 eg:g|odeepdi
Q < : (o] < [\ <
0) eoppOeoxn steel qp:zoped groove welding test 0p 0>MOYEOPOCS:RC

< < C o0 o C < < < o Q C <
GO’]CZOOODQ (BOS?O?CZ C\?OG&)OCQG@II Steel 39(1\_"_2390)0: UR@GODOC\)&:I plate

0
le]

F0n  ©0pPOVRY  joint E{JO:GQOg(’TC)(ﬁI 05:035903 (céﬁo']:ewo plate §<§
cqﬁeaooé%éooéu

20) @é}méoé:ooﬁﬁ (Retest) C\;géoaésgeql 08:0000 3980539(%8: (test piece)

lo]

< < o C < N N
39@6139%)0’)&)& OGDGSQ@QCD(D J 0 @@q@&u

B TE TR Tk Ts T T F
= J £ = .9 . L
= I E. l 3 l 2. IQ ! 5] g ®
2 e 1l ik la £ 2 g
> o 0 1O - 151 . =
0l ol -8 I (s -
'-'—35"' 3— = - Q' —"% el \—‘IO
> i 112 1B i ] = P Sl o0 12
EIEIZ[E |2 ET = «
Tl EIElgIE 2 R 3
Weld line L‘ |F |8 B |~ E|
i I R
'i'l-m oo |
Approximately Appm“.mute]y J 235 or more
i e S e - Set to be the groove actually
22 0 more

100 or more used (Unit: mm)
ola o |

|
100 or more | .

- T

Figure 3-6 Groove Welding Test Method
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HAZ 1 mm (location to fit : :’ _4

5 S
Q )
“‘""%"'{‘""' S notch center at | mm outside i 5["‘(‘]‘”‘“' E
c S
5 § fusion line) /g(f & § .
A |
“\___/
(a) Welded metal portion (b) Heat affected portion

Figure 3-7 Impact Test Piece (Location to Collect Groove Welding Test Piece)

Macroscopic test piece

I 2N
Rem(wef Remove ! —]
4 J -
]

Remove | E:Remo\/e

1

| 100 100 7t'

Figure 3-8 Fillet Welding Test (Macroscopic Test) Welding Method and Shape of Test Piece

Q) Assembly welding

™)

S)

Assembly welding o?f Q9§oem[§Lc\?§ooésgo$5: cx?ﬁeaooéqeéu
Assembly Welding § fillet weld @ @2a(g (leg) o0pS 4 mm &¢ 320005 §aepdi
< < < C O < Q C <. 90
qczeﬁ 320gP:o0pd 80 Mm ¢ 3000S Q§EROIN WEIIVPS: YOG plate )
< < < < < Q < < "Io N <
3200000 12 mm & 63DOOCAOCYC  NOWIOD  6IDMO Qcoa§@:[c:90°
o

ogcrgoﬁ?cmooé weld cracking sensitivity composition PCM (0euoooo:

mtﬁc@%ée@ 901§:®5i$:wé 0.22% §c§c;3faoor°) ‘(}PICRIS' cléz 3 50 mm
< < < co¢c <
etczlecloaltaorlopl loat Yotovton]]

PcM =C +22 3L Mo Moy
20 30 60 20 15

|4 Cu

4+ 458 (%)
Assembly Welding ogé oemoao:sggs?:ﬁ eqﬁoao:qp:c?g @ogﬁp:ooc)qeén
0GVO20: qrf@o@éogé @(ﬁe@oéuﬂo: @5@07@5: § eé)l ®o°)eao:3f.;ooé@[

Gl@éll SG(YSG[:(Y.)O(%:GO&O’](D S’DGE:(Y)OCQZZQE:(Y:? ODOSGS‘O:[EJG):I [(:)l[(:)éeaooc(fg(ﬁq Géll
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6) (03|ooEapeo:(ge: (Preheating)

C < < o< o < C <
@002 ?—OJ (780 GO’)@@O:OD@S’BO?C:I Steel 3’34{”_:3’9002 ?Q OGU’)GQX)ODg

C\?50$:®éeo'r %méﬁ weld line (0ew000:006 ch,pcrg) =) mo%o(rgooo%qlagé 100

o _¢

Q _ < < oc < oc (o] N
mim 0)?(} OCGG’BO)O)GD(L)C:GI arc GQG(ﬂ‘UD(TJ 100 mm 39(8C:39[§0:3908 @l@)CQj

3’3%{60: qeé Il
Table 3-12 Preheating Temperature Standard
Preheating Temperature (2C)
Steel Type Welding Procedure Plate Thickness Division (mm)

25 orless |Over 25 Over40 | Over 50
and and and
40orless |50orless |[100 or less

Covered arc welding by electrode other No 50
than low hydrogen type preheating
SM400
Covered arc welding by low hydrogen type |No No 50 50
electrode preheating | preheating
Submerged arc welding Gas shield arc No No No No
welding preheating |preheating | preheating | preheating
Covered arc welding by low-hydrogen type | No No 50 50
SMA400W electrode preheating | preheating
Submerged arc welding Gas shield arc No No No No
welding preheating |preheating | preheating | preheating
Covered arc welding by low hydrogen type |No 50 80 80
SM490 electrode preheating
SM490Y Submerged arc welding Gas shield arc No No 50 50
welding preheating | preheating
Covered arc welding by low hydrogen type | No 80 80 100
SM520 electrode preheating
SM570 Submerged arc welding Gas shield arc No 50 50 80
welding preheating
Covered arc welding by low hydrogen type | No 80 80 100
SMA490W electrode preheating
SMAS70W Submerged arc welding Gas shield arc No 50 50 80
welding preheating
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3 . ’ < N < < c ¢ < o¢
No  preheating mqlooooqlmsae@:;ac‘?ogm 00508:M)C COOIR0O]$

(33@90’3(5393%085: @030100 399.§:3rageqj$) ooé 5°C §c°; GSD’)(TSCOSG:?OWOO 20°C @é

@looéaraﬁfeo: q@é Il

9) 393{00(75@5:03 m%oaorS@é: (Heat Gain Restriction)

©)

™) oemooozsacgoooogcgoo?:)&g; qﬁoaé sagfor% Goaa?uﬂsao:[c}cf SM570,
SMA570W, SM520  &¢ SMA490W o3s0: 7,000 J/mm s&eaa0051 SM490
§é: SM490Y or%ogé 10,000 J/mm <§<f:e:390cr3 Sp) oos%oaorc)ooéu

9) sge?_lorg ™) 088 e&@ooo:oaé heat gain oochG(qgags?o']m welding procedure

¢ _C (o] C(e c C [N C c
test E:)lcx?oqq? cxgsgo@u 0GUIADDIOIPOCHEPORC IDODYOIIEPOIPECIY: €|l )
C c [Ne) C c

0060 s:mo&[;)lqs? Q001

Welding c?5c$:e§&p 90303

5. Member 322z oeooeao%eé e@spo% oo%gé:@ézl sae@ocﬁé@é:

N < Qc < < (o] ° NS < Q < O
0’)) OGLDGSOO@&S’B(BCZU&C 39&0)396@: Q"_:I ODGQJZO‘)OO@C:I O?CDG&)ZI 0 O)C)D@(Tl)°

eeﬁe@qu
¢c _C oc¢C @ 0 [o DY oc N N C
9) 0GUWIEEIOOICI OGLICIFP$: IPOOIIQOCIGPI0 39[5)9_9390 e@omeo&
css?qeén
J.Weld tab

m) oSewodes flange §.<§ web plate @ groove welding §1cf fillet welding

c O <

©0PO00RC NGWD @ooé:eq,ep?cf an'?:oaé:ee],epooé oeooeaogeé member 320:
00 ¢ < < Q [o] N O <
©0090060§)$ member &¢ 0pp5ca0 groove §aopd weld tab o ewoqoqlm:@g
ooﬁaoéqeéu
9) oemeaog@:oaéeﬁoqg weld tab o% gas cutting @é:@c’f @oﬁcj @ogﬁp:@u
grinder @8 sraeqpooorgeo:qeéu
Q- Work of partial penetration groove welding

Partial penetration groove welding ®s0050¢1 newepdicod: | q:(eé

eoorgooéaga']l ocoencwoe bead sraan"?:cr% (}05@)“ qé:é; sa[c:)ogagﬁosgaoo eﬁe@oé:

N < Q < < O XY N < N N <
OOszﬁma@l@Z?I G'?O(DwOOGLD(T,B OG(DC\?CZCDO)GCRPO’J oooaaooooo@:
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< < (%] < . C . . . le) Q<
cs05§epoll 2peo0s manual welding §¢ semi-automatic welding opopC crater
treatment C\?é&)é&;@] gﬁm%wogqlog.?cf ewcﬁac%éo']u
¢. Work of fillet welding and partial penetration groove welding

o) Fillet welding or% material 33805395[35:035 ) Goooé((éé‘:ogé oG

~0

° . C c ’] Ce < Q¢, 9 < (9. [0} C C o
3280:0000000F8|I  GC:6000¢3OCIMN @@eo.[g. 06V OIBIOMOIO:
eao%qeéu

®) Submerged arc welding §é: o%eo?org @@o:oews?é:o% @o@:@[wésasﬂ joint
& egcooSogé arc 03 e[c}orgoacfo'lu

5. Suspender bracket §c°° wocﬁsgo%orgegfé&qp: ooc°>ao§[§§:| @ogejp:@&

m) CDOSOR(%G&)OE@E:I 005905@5: (erection) QwéO%G’DOQ(YSI suspender
bracketqp:! 0008 member qps oocSao&ﬁ oeooeao%ooésaam 0(73@39035:@
cq@eaooéqeé @5[@:| oeooeocﬁsﬁ 39@@39@5?5”0:90 shop welding &\

. Q 00 Q... Q Q Q Q Q Q Q <
@e@sga?qp.oooo QOCOMICIPEQED0  NOWYOD  OPROKERD @ooa@u
280lorSeSBEam:  SawdqoSens  codcfigSops  [BeS ol

° C o ¢ < C O < < <
evlcevslenl=ovs) oo:?:qlloggqp:@c, Q005000:CQOGIOIC ORI
®) Suspender bracket §<§ 008 member qp: wogejp:@&@lcx?fﬁoaésas’h base
. < co < (NP < o _¢
material  0QC  IPKEPOOQIOP)  IP§OIOOGP:  OOY$RCOE§  OQOIRM
< < < o¢e O < < < < o < <
QQ0GR0OCEOROI org@c oQ member qp:32: 20¢EAQPOR @l@c?zemz QQ0GO:4)§

C\%wéll BOGOI pavement GOT QD('TSGGT)(TS?O% Qéﬁmz@tl 39(?0839&303 8$:6T3

[goep o vadgp:(gc:ql: [BloeSqepS

< <

o) Welder &) 32qpdaag|S: 0005¢053/05
oeuamqpSmecgions oenesoSogel ogioqSeamedl mags eorpSeseone(modi 0eu
R5c§iaRag03 30pdegapogli 0a3REeperes:gyp:i 08e0igqp:d caE(gE000iRY
BpSmqic:[0p3Sapqprae:  93m0gCigo PopI0BgEoRd  peUradwdradpd
8ergce  lomigpr  ageioqéy & wodgodfogagieqimy.’ ¢ edesorarpd

C Q <

cgé:oqléﬁagogsgg;og@l 00603 Q4P o%eo?ors welding §é:co§:ooo§qjc:o> cloplon)

le]

398(7_|§$030m 390889?(73@[&)& SQCDOSUI{ ODOGG:QQIOS G@Oé@ém:ﬁl@éll
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J) Welding Procedure Test

o. Welding Procedure Test &) qéacﬁqlcﬁgn 3903?:@[@@5 steel &) 0@0’)@905@5:0%

° N <

a%égé: (weldability) §<f: 390%:[(3)[%3@@? 0GUIOPOC$:ODI: o>o§cseo:ec}:@03[§5: [c}ocnaén

O N o

< cC O C ° c < C .
ocge@og Seloalyleple 330?:@[3% record 32§pd:c00000 ey steels qpig¢ welding
procedures  qp:! oeooeao%spogé 3309:0630%(753{(\%39803@5 steels qp:r?cf welding

C c ¢ C C <
procedures qp:320907 @lagoqc? Q0039050
scmooéogé eo%[c}ooo:eooo 3ae[§sae§q|o::«raogcr3 welding procedure test C\Bf)eeooccchogé
oraéeooo material gz carbon equivalent (ooog$ o']oéﬁﬁ:) I weld-cracking sensitivity
composition §'cf s'aogzcﬂoéogé: (special ingredient) o']oéﬁsgao{: O’Ré[@;ézl welding
procedure o;gé@ézl welding technique (oeooeoorgooé: §é:0@9) 0'3&3@5:0%39@5

C < o < [o] < ’] < C N C N
0GUIEIOOWN: 0 saeogcss@ﬁp:co@: QORI ©ge006:/  ©05000:0006q:

C < C < ° < N < [o] ¢ O NS ¢ ¢
ooc[§[§c:§c° ©P:®2: :00QGI eore(g[;)o: [a;o:‘?o:@c:eeﬂesgoc X oemaom@c:cx?oc§:
C (o] C N C oc <
00G0:9M e@LC\?ooo GO &CAORN
) Steel oéooo:qp:ogé oogocr%’paa?:@p@mé steel qp:ogé plate ogoaésaeﬂ
c . LR set O 0oC ¢ Oo¢ C <
ewo?qs'ao:[gog weld cracking sensitivity composition o) $96330C 00§:§||0002:209
ssogo& material sraqés@eog:@cg plate thickness s@ogorgl procedure test cr% eog@sj

spoéo? ooo&_—.;o%ooo:ooén o%c;oo% heat-treated steel qp:ogé newox: (weld bead)

le]

Q [ < (o] < C (o] <
324:6 30C:00p0 quenched and tempered 303)|:2006EPMQGP: 0P COYR$PO:EOO0D

On

20pS1 dodeaqpspd:(aS:aopd eqpeciss [R6005(a¢: ([sdcedconpSi dde(og
Gsaocﬁcﬂég]@é:@é ogo%oopé Welding speed ooé
Current (amp) X Voltage (volts) X 60
Heat gain Q (J/mm)

= Welding speed (mm/min)

@:cﬂoo Variation & srao%é:agooo §§ range e§.o°>§>o>cf?:efva @:meé @503@?390308
jointen performance oqso&:epSi SM5701 SMA570W1 SM520 8¢ SMA490W o30p¢é
heat gain 20pS 7,000 J/mm 8§§o0pSwy 06:0086qp:(6¢ 3000581 s Steel
odomigp: 68000500 epopadicarn submerged arc welding $p5:03 o3 7,000 J/mm
gSeamnodopé  welding gpiaeogad 05:8E80005 ddefong 7,000 J/mm @0: Oof

. C . . < C < < ° :
welding qp:320R00 upper limit @@ooaooefooooo:oogu oa@o:ogeoao groove welding
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qp:ogé cgjégxe@oé:@cf@& (high current) e@oé:@ogeol tandem method
(c;%;c;‘?ocﬁo% oemc;aos)oaé §é:m5:) @ooéoroge@xf: @o%c;o heat gain oaé 7,000
J/mm o% c;o:lf)a)éaraa] welding procedure test @ch?f)qeéu
SM490 §cf SM490Y o%ogé heat input oaé 10,000 J/mm 0'?? G@ﬁaﬁogo:oaéaga’]
joint @\ performance :>oec qeoé:ogo:%éooéu qé:o?? oogeeo:qs?sgog(ﬁ welding
procedure test 03 C\?f)qeéo? ooorge_?orgooo:oaéu
Covered electrode @cfc\?&)aé manual welding, submerged arc welding §é: §<§ gas
shield arc welding (CO2 eoorgego o%eu?org Ar §.<§ CcOo2 eoogegoagesp) @fé: o%ogcc: %)s?
treatment c\?éqeé@o%@:l sg[éo: welding §é:(\3§:€ﬂoz%}éﬁ welding procedure test
c\?éqeéo? ooorggorgooo:ooén Steel structures 390305 o?ooé welding
§é:m§:qp:§o MIG weldingi self-shield arc weldingi electroslag weldingi electro-
gas arc welding, gravity welding t))OOéor‘%° @ogoop_SH o% welding §é:m§:qp:9o
[ PES . . o) < I N . I3
apocg:  efficiency  (3209|:0005e6p00¢) m:@q manual welding oo
Q0 C < < < < < < < <
Q9GOC:g8coNCORd: I welders  qp:3an: ecotqgooc@ozeo:ﬁ &G OQe:MICY
(*] < < < < C O N < ° ocrc [o] ’] O <
c\?sgoq_lmque@og czloalcloblenlClyfon) eg:qloasao?:[;)ﬁc@c: eqeaozoli oge@aog
welding Q?Sqeé joint GoTﬁmé[g): [g)ooo.y)qp: GoTcoo.%éoopésaogng welding

(o] < c ¢ < < N
pI'OCCdllI'C test ('YL)C\?OGSOOC G]ﬁ &)U)?O‘)CDO:QD&II

w0) Steel oéom:qp:ogé 09030?50359055%:@5: @ogooézeeﬁo']ml NGOG EP (weld zone)

)

<

Gﬁsgqpésaeog: §<§ @:8:&39:33@3 ogé:@éo%ogé [;)ooo«yxﬁeeﬁ oo%eao:s@oo@@[q

: (*] < < < C < < < < o C
welding procedure test (cx?ssoo']m 9§00 VS 0D00CERY og@:sﬁ 32603320)C:)

le]

3o

C < < C <

apS6epdur 2005¢05a00:0095 1

< ° < C C o < C C ° < < o ¢
wadm 30):(0)000:00p8 ©05mS:e§00pd crSagtioncde ogpdiquronpdaesl 8odg

< C C C < (o} . [0} C <
003 08:00806 03 gp: 34:3(0n: §opde3aad welding procedure test 63cr6aepS 0y
2005905002:2005 I
c0oop0gpEn: (e crdesiglelg(0Eg codaopdneunsoad(gonpd (on-site welding) a0pd

<

oorgé’nl 39030{1035 [c:)[cx?écoé: oew>  (shop welding) §.<§ %cgzo])éo’]m

N <

B:07)|:[g0c0&E0nS melgmesqp: (§padpor efgaees! welding positioni groove
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precision oooéo%saq) ﬁoaéu oc°339[§§ steel @ézaézsﬁ one- sided welding 1 o>0>:
pier @ horizontal welding | cﬁ@:m: 03070:3908 m:@@fq?écé;:l joint or%ofvéogé
< I ¢ 0 N0 . . C . © . I
oeooaoooq@c: ©20PO0RMNEI on-site welding  gp:oopd 0es shop welding  &¢
< "] C o < N < (o] < < . : <
02081000€) 3CYR§3IEC: ogo@o:oo@u ocge@x; wacm on-site welding gp:320305 on-
site sge@:aac@eﬂo:cff ooéfogé:@: welding procedure test on @la?é@wén o%c;oo%
"] (o] C < [o] 21PN < C <

wWaal Q@ test ©od00e:qpP: saqusg[gn: ﬂe.?&)@ooo@sscgm 32qPO03603:
o ¢ < "] . (o] < < (*] ’]
blealNievfovicoL) welding  procedure test o e@«»e&? apoospecRoll
waémsaof?:[;)[@mé ?orgooéze%oé: oemc?é:mé:o?f ea:qogwésga']ogéﬁf
welding procedure test @Lc\?éoézoaéqeéu

J- @000z 900 ogé groove welding test §c°° fillet welding test URQ welding test §o§ef|l:(7?>

e@%@ooo:ooéu :féeays welding procedure test @lo?éooésaaq on% test §o"5c§u=oo§:o§

@L@mé:@LC\P&ﬁ ecx%o% eoeosao:@'cf steel & Qca%oagfg cx%s'aéqlcfge[@ocf 05@3:390?0%

° co < C c(e ° < (o] < ° (o] < NN < <

bleal 4 oHeolos) ecr{pcgs?[gz 992200 5| oQ test 08000 @lcx?oqep_o@o)eoaoco@u

B0l ™) :féeo?og 9) sae[§sae§ [59500&33991 ogé@g groove welding test orc?’ooo
C c ¢ 0 < <

GRODC M6 $OP32000 I

(o] < oc < C < N < ° <

o%s'a@c Qﬁs@gc:ogc GO’.)E)OOO:OD& test qp:opc @og:@@:olo_ooquo?:ﬁ F26EPC

I I < I I . . . <
saqp:ara@o:mcooo:oo@ 0QpO:qp: cﬂocoo@ (poen — radiographic testing &¢ stud

co¢C <

welding test) n :féeoys on% test qp:@cf: Geoocﬁagﬁaasﬁ sgqésgeog: oSé:oSé:eq:o)e?oSo%

o:o%eao:sﬁ @9®§cw£390308 welding procedure test o% oqjcﬁoqjog[;)q%@)% 3988005
c O < "] O < < < < < <

9CIOIB| 0Y test gz COPIAIC:6)0 POV W0IYOI00: RV

groove welding test e guided bend test ogc°: :3905@@305: @95@0To']m qé:smﬁe@:oé:eﬁ

< N o O < < < < < < < < [o] <

32qp0¢0 3 MM 9§3>00 (ﬂ&)&:ﬁ@l?g sraooe@oc: @oqoa@ sae@czsgqc:g;o emqeofloo
o < C < c < < oc¢ < < oc < <

QOLROD GPID: cﬂocg—ge@oc’o’f 00G30: aram@@ﬁcc?woqﬂc gq@ﬁcoogo? 08020l
‘JIS Z 3801 Standard Qualification Procedure for Manual Welding Technique 3.2,’

‘Ministry of International Trade and Industry Technical Standards on the Welding of

Electric Structures,” ‘AWS 5, 12, 1, 2 Root-, Face- and Side-Bend Tests,” ‘ASME
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QW-1 Acceptance Criteria-Bend Tests,’ or%ogé 39(73@@)05: @ﬂésﬁ permissible limit
(o] < N <
07 3 mm 07 O3€03002: 200l
Welding procedure test §<f: mﬁe%Oqscgzemégcﬁwésa@n: oeégﬁeoq@?
< < C C C C (o] c o C < Q
ma:m:oogsaeﬂ egooooeoo[c:)o'] 23| (0) &¢ qlze@oc:gggmqeeu eoppOeox steel
qp:sﬁ welding procedure test :390805 steel §cf welding consumables qp:cr% eg:auugspogé
< C o (N c < < C < <
F29$00000009:6p) 0OQDOQIA: C§:]|VOEEPIUR ID0IYOI00: 0N
C «0C < < c ° co [} o (@ ° C N
Qﬁs@e[ésa&?ogc S&CEPOTN§pO: 00Dy steel ) ©00§Q:qp:0) 39@@9[9: eq:[c:oooqjoo (pass
or fail) o% q_h;ogqeén
Groove weld zone saogcrs impact test [z)[cqf)wésa& deposited metal @95 @[o.?&;cxg
o] c. 0O < . < < c O O
OO 1IQeaxd base material & toughness values qp: G[;)culojewq§sgogm cesjoocqlewo
test 03@{&35@035 weld heat-affected zone 390805 impact test 03 oocSGo']é:qep_Sn
. (*] < O o [ . O o [o] < < :
preheating Q3090 ace:@ooq‘? maximum hardness test o) 9d:602§e02500p0: preheating
a»: weld cracking sensitivity composition ogé oocrgg;org G@%@ooo:ooésaogcﬁ
ooaéooooé:oo maximum hardness test 32 welding procedure test ¢ @oSe]p:e}ooén

Assembly Welding

(}?$ welding @5 assembly welding q_p:m:d?:cf’e sgqé@$eqf)eago§ @lq?ﬁooéqp:
o] C < c O ﬁ cOo ¢ cCOoC (¢] < o C© . < < <
§18A09C0P0: GC:0REI 0DOOOI0IOQC: WY FQP:PeD Pos welding 3oRC: 03§65
ofée@oc? assembly welding &\ agqésraeog:éﬁ regular welding & sgqéegeagze?f:
orlzéesgo&\?ﬁqeéo?[sj oaogefogooo:oaéu walm  ‘tack welding’ Spl=be 0)(773:618(7%

ooep:08ad:3e00500p5: o)) welding cpScs:0503¢ 0ewr000: 3aSA(EE:03 003056567

regular  welding o3330¢  @eeq:(03:e0me(0né  GE:03  ‘assembly  welding’

u?e[g)oé:cﬁeaTeoToaéu on%sg[g)ccz ‘tack’ 0re00 090 agecqrgﬁ eﬁo']n Assembly

: (o] < < < < < < < (o]
welding oy assembly 3280C0RC  CPOGEOOCOPITIPORMD  OGLD  FPEPOTPEIPO)

cq_logcxmmcxcétﬁoaéeﬁ[: ﬁoﬁéoaéu qé:or% egp&jp:qg%,aaogog @qésaaué: @égmé welders

qP:a: 0200§006:65008606§60 366):(03:80:(960p5H AWS o assembly welding

N

< Q¢ < < < Q < < .S [N Q
C\?OO?CG& welders (:HO::BQO: §e:0&933€1@39q_|03 00GC0:€|$ O:)OO?OOOOO:OD&II O%GOOO

[c}°eo°§c°: ¢ assembly welding 00080003:03 32938|C: ©06C0:C0I0 ©0§O
§eoqcCcR y g R0 IBEROIY|C: 600 0%
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o< C o C ¢ ¢ < C < ¢ Oo¢C N\ _O < <
eﬂ@cxe@oq QOHNCUICYOCHIORC OCEEHRMOPOMCEHRGPMYA) IO 0[O0 CH
o] < < C < ¢ o¢Cc ¢ O C <
RqP:20pd assembly welders eﬂo:sg[;so OCEEPAIARONMICE§ QP3O
490 N/mm?2 ﬁooé steel (SM490) e\ T-joint ogccz fillet welding 3o: short bead
@cf[c}pﬁooésaa'] bond ooo°>ec\3_|oc73§cf 0GwEN 39@@ (root) ¢ mcﬁe@oé:@éeﬁm%é@:
< C < < C C c O <
egooe@nc:co@ 0GUIAD:EN 32> 80 mm ecqpogo:o']m §1092:20P0900 WEOD0§
qcogor% sge[éé@: assembly welding (80 mm c}cf:saooog) Sp) oaors?orgooo:oaéu O%GOJS
cOoC ¢ O < C C (o} C
F29C§OMQC: WGOIV§GP0RCI Q0nGA0D plate ) 32000000 12 mm &Ge330001 2QELROD
steel & carbon equivalent (Ceq ) oo$(%:e]¥) 0.36 % c}cf:eagoors @50100| assembly welding
& @agp: 50 mm ﬁcg_léoé :3905@@05: e@o%eoTo? Gogﬁooo:@oaéu on%s'a@)é
oéom:ogéof?:a)é 570 N/mm? saao&ﬁ steel & Ceq .}cf PCM 39@0: eoo%o)?}ﬁ
(correlation) ¢o @:eo:@: Ceq 0.36 §c°° é’gjooé PCM &2 0.22 % @éwén o%e@aoé
PCM oo$<c§: 0.22 %§cfc;39005 @ogooésssﬂ assembly welding & s'acqp:oc?’ 50 mm
C c O N < < C <
&GI000D §1OQ|CEA0POVY WV 0IGOI00: I
C C < < < < < < < < < C
sgooooogcem[;)ooozoog root 3—9@000[3 sgme@oc:euo:oa@ C§EPCOIICONIQM:Q:0RC
0GUIOO:EN q|<73§0[§§eoTog§ e@o%eoTeoo%coé: assembly welding 035 [;90303@3
@@o:@cﬁe@né: sgeﬁ[:saoo:qp:a)é cross section §p_3:oaé390305 0GUIAD:EN
qlcf)@o[géeoTogé e@oem@éeo'rooéu 00590533 (assembly) @:8:@ qlcr&?o@é
C < ’] C c O [o] ’] N < < C (o] N N
©0CE0:0I sgme@y)c:(rl) cop ol @l@ceeoocgmqlmqp:o? Qﬁsseogogc
cOoC <
QQO&COI
Preheating
Preheating &\ 3993$:c3$: (index) sra@o% ooe%:o:ﬂ 393?:[;)@@30&5 carbon equivalent
30o: weld cracking sensitivity composition 03 o.'?:cp,_lé (céemoézwéu? c)o?eq?ocrc)féé:
< (o] < Q N < < < C o C < <
evlcleatort {oToHon) e@om@wgn orgsra@c [9:@03&39@5]0003 @ceoco.?:oooqlooogc
plate (oé@o:) ) 3909091_) o%:ooo:oo@fsa@é weluor)ogeeﬂ(f) d'?:ooéqlcf)ogé weathering steel
C e < (o] < o O < ¢c o ¢ o ¢ <
0pC optep)  plate 32090pc0pS: 100 MM 3300 07:000:00P0 1 3C0D0ROVC o?oosenqlce@q
cOocC N < < ° (@ < "I“ < c O
G§OMQCIRC  (NGUITONS0DODY a:ggp:;sa@:a&):@) @oeo QODGOD 39(7)@@)90:0?

o O

mc@u%q%qégu%qrﬁ@é preheating sse[ésge§o% @Q ealesleallon] ngqusﬁ
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< <

<

C\??eraoc\noo@u oc%c[@ocf preheating 330808 m%wéq(ﬁeﬂozcﬁ? PcMm or% ssc;[éésj
0

3 ::Df)qe@ug m%ooorgooo:oaéu

=2

Q

o$$56§1 oéooo:qp:ogé o?oaé Steel &) ?orgmézq_p:o% Gae[ééﬁ Pcm oo$§:39c{§05

[(:):g@aQ?(TSODéGD@’] @002 ?—O? Q_CDOODéII 39@080)0%(9(’)8088 OBOJOZODOSOESGﬁ (:)?$ Joint

og&jgpoé steel @ PCM oo$<%:q_|o:33c\%05| :3905@@05:(73 mocgoSeél preheating asgeafﬁl

plate sa0p1 welding procedure or% @L0: YOG ogc°: [cj)ooooo:oaéu

Table 3-13 Condition of PCM in Application of Preheating Temperature Standard (%)

Steel
SM490 SM520 | SAM490W
type| SM400 | SMAGOOW | qyipgy | SM570 | SMAS70W
Steel plate thickness (m
25 or less 0.24 orless |0.24 or less |0.26 or less |0.26 or less |0.26 or less
Over 25 and 50 or less 0.24 orless |0.24 or less |0.26 or less |0.27 or less |0.27 or less
Over 50 and 100 or less 0.24 orless |0.24 orless |0.27 or less |0.29 or less |0.29 or less

(o] < : < [N < < < < (o] <
Plate @209 o?:mooogs'aeq welding cpoepy joint ) cloal fcelobloalonteblaviebiifoaHabaloblob]

or%oé 3 opfmoﬁooé Plate za0g 40 mm .}'cf 50 mm saogé:ogé @@ée@:@éogo:oaél
PO S0EN 5 preheating  30g§05  03:oepecdad  @ade(o3c:ad

Plate czleo) 50 mm §<§ssooc75§eooo steel qp:eﬁ
° N C (o] < N C N C
3909:@[9 ©0008:gP:  0P:0VIPoRM  Plate @op 50 mm §¢300000RC
m%ooorgqlcf)oaé (}Goo[googcoooaéu PcMm oo$§:oa@°eooo steel qp:ogé Plate czloo 40 mm
[0} C . oc c C (N C C < [*] C

© 100 mm F2000RC preheating 320g|$20p0 sgoaog[gwoo@u? 20056 05002: 20 ogsa@c
preheating 08$:q|l&jfcgd5q{e®q$araogcﬁ preheating sgg{qcﬁ(%é:@o:ﬁo%l 20 to 30°C

On

®»3C::(e0:0  ‘no preheating’i 50°C’1 ‘80°C° §¢ ‘100°C’° =66 oguSopesand
530500051

gﬁs@fﬁézﬁ @L2: 90 eﬁpreheating sgﬁ{qcﬁ o°>aﬁ$o’>@$:qp:o% saoésgmo sgeogoss@tqul
39@0: o")qj’$o398$:qp:cﬁ o%:mo:ejl oc;ooooo:ogé diffusible hydrogen oenani odomo:el
joint @c@a@c@oﬁs@eoTogé sse@éej qﬁooo:@é:@oc)ooén o03070: joint m%ooorgqlcﬁcjya
@u0: Q06 & PCM (eooo: olelel ogé PCcM condition %eoqlogqp:cr% sse@é@:) | plate

sgo%@f preheating s@g{efﬁqp: ao&iogugqlcrs? 603%(%:[59503éu
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o CcC O <cCOoC N o < . : < .
VPO3QOYCHOVPY 3132000060  shield arc welding 30305  preheating

< <

2qd§oopd eqoplesdgoonican  we(nl:(Gcdyodqodepielopd PeM 00§dic}
03:[5)8) @8m050007 680588

Preheating 5300050 305e[038:6(a8ecTaogd somolrg§eamnen o coSesondas
$p33008: 083 [§820p3acp03 Gear:qpiogd euSgoonioopd preheat qidepiz03e:
2od:  adqeconoSeand  cgaSpadeconnSBlie§oli  moSeled:  [88ecTycd
omraBiq§acgod steel of PCM 0o§8:a8 joint oo§asoSqod meBames 020p503mecT
00o03(8:1 work condition (§gjBSenieon moSepiad preheating o coSesondBe:
029p3) 3 0qBoSq§cops: eadorpd

B[S Steel & PcM 00§8:qpr3ecqpqBEBSE preheating 0§03 cagpa&Saopd
Re[gmesqiops preheating sagqi§go eon: Q-G 203e: [sdaqepdn emnligigd
BS:qScnrean mamesEs Bosads megSmes:§Secn electrode 03od:aopSms]
preheating 0§03 gas-shield arc metal welding gpS:co8:038 0h:00p3 PS03
85988051 BmBE  meSononad  eeonoSplepd structure wc3S:  6§o3i(S:

< < <

@LC\?oooo:oapj ©0:00094): (welding crack test) ¢ qﬁooé C3070QII26 39(75@@305:
moogd%ﬁa)é eooqpe@oé: Gogné’lqcﬂoo preheating sgﬁesﬁé;n% @u: Q0 035

G@S@m:&)é sscrgqoﬁquesgoogsaog %éq%éwéu

Table 3-14 Standard of PCM Value and Preheating Temperature

Preheating temperature (°C)
PCM Welding method Plate thickness division (mm)
t<25 25<t<40 40 <t<100
SMAW No preheating No preheating No preheating
0.21 GMAW, SAW No preheating No preheating No preheating
SMAW No preheating No preheating No preheating
0.22 GMAW, SAW No preheating No preheating No preheating
SMAW No preheating No preheating 50
0.23 GMAW, SAW No preheating No preheating No preheating
SMAW No preheating No preheating 50
0.24 GMAW, SAW No preheating No preheating No preheating
SMAW No preheating 50 50
0.25 GMAW, SAW No preheating No preheating 50
SMAW No preheating 50 80
0.26 GMAW, SAW No preheating No preheating 50
SMAW 50 80 80
0.27 GMAW, SAW No preheating 50 50
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SMAW 50 80 100
0.28 GMAW, SAW 50 50 80
SMAW 80 100 100
0.29 GMAW, SAW 50 80 80

Note) SMAW: Covered arc welding by low hydrogen type electrode
GMAW: Gas-shield arc metal welding
SAW: Submerged arc welding

Note 1: In “no preheating,” when air temperature (room temperature in the case of indoor) is 5° C or less, warm
up (heating to approximately 20°C) shall be performed in order to remove any condensation.
Note 2: Preheating temperature calculation formula
Tp (°C) = 1,440Py - 392
Where,

HGL K
Pw =PcM +—+
60 400,000

Note 3: The preheating temperature in the table is calculated on the basis of the following assumptions:
a) Amount of diffusible hydrogen in deposited metal (HD)
In low hydrogen covered arc welding HGL=2ml/100 g
In submerged arc welding and gas-shield arc metal welding HGL =1ml/100 g
b) Restriction of welded joint (K)
Two hundred times the plate thickness (7) is assumed for the average restriction of the welded joint of a
bridge.
K =200 ¢t N/mm-mm

Plate thickness ¢ shall be 50 mm in the case of 50 mm or more.

5) Heat Gain Restriction

On

Welding work ogé oemeeog[ééze@oé heat gain o%:cvawéegsﬂ oeoosgtlesﬁe@o
og Q. -, CQ 0¢ ¢ og¢ QoS S, < Q Q
2qq§(gé0: eopoddqidops Beqidoysciarnd §§igo ecqpogeopbi cfelog
deposited metal §<f: ol=0pkc=16) oa(f)espogqumﬁ (HAZ) &\ toughness §§ strength ¢o
< (o] < [ < C (¢] < C o
GOQROy| PV o%e@oc' joint  0209POROD  YIOV  QADOYG:
[o] < C C : < Q : (o] < <
co0g{|e§e06$303M I steel ¢ welding procedure §¢3ap5 heat input 0 05§2005000:4)
(*] C <
QQ3200000 I
Steel oéom:qp:sﬁ welding c\?éc$:ogc°: heat input mcg;%qp:oaé oewaocﬁ@f::ooé
< < (®] C . N . e C < <
Goao?cqlsgo:@c; gp:o]oa&u Qeaxd welding cpOcg: & efficiency COMCIPHEOaSG
0p5guSq|oS(e¢ submerged arc welding &¢ electro-gas arc welding 000pSo303¢ heat
input 03 mog§me:(gdeap] 0603 33d:(g|[ec:e0n¢! Steel 8 HAZ opé toughness
eaqpayeonfegoogn  [3600pS  mclgmesqpi§acoopdn  Belop HAZ  efoxnd
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©)

oS%(ﬁﬁﬁm%éooé eq?epog(c: toughness ecr.nec»eﬁ submerged arc welding ogf: heat gain
03 cooxnuye:(eé SM5701 SMAS70Wi SM520 ¢ SMA490W @005 7,000 J/mm
.§\cfc;39905| SM490 §cf SM490Y 390306 10,000 J/mm §cf:c:xaoor°) cﬁeﬁ; ogqu”f)qeéu
Heat-gain @:eo:oaé welding eﬂo:@lcxgéooéaaeﬂl heat gain :39(\%05 oac?ecqf)ooé
materials q_pm% o@:oacfoaéu @mcﬁe@ncfec%soo% Heat-gain @mwé welding
[c}[c\*ff)cgjéoé HAZ G§€pé toughness Gm§:g$wé steel qp:o% 0905035000:@:
C < C N C < . N Q < C < . O
@ow&soogme@ng @ooa@u Heat-gain &¢3p0 00Geoqpoopy materials  qpzop
o?:oocfoaéu 33[§o:ooo°>oc7§é weld consumables qp:saogcf)% deposited metal &
performance orc?’ eoozﬂoqeoeé wcfecqﬁooé consumables qp:ea:qjogsﬁ cx%saéoaéu
Welding Work c?5c$:s'aog05 ciaorgogqu
o) welding GC\?SQE member qp:('rc?’ wé&a@:@é:?é\; 39@@0055@5:
oc Q N C (o] ° NS < Q c O <
0GULOCC:I2§:09C sagome@:qllzl ooeq_]:oooo@c:l V03601 O EVPI0ROP
o < < < < o _O < oc¢ < Q C N <
emqecﬂmqp:.}q sgme@oc:qp:orgo? @oecm?coo@u OQEIAYD F§0I]I00GY @oeoToo@
sgaocf:?o @309 mﬁéwé ogé:oeomﬁ: welding procedure saeoTogé ﬁooéej QP:go
G@Oé:(ﬁﬁ%’l&)éll poeo flat manual welding 39@@39@5?085 ‘B‘?$ 6300596s0: (primer
coating) o» ecﬂcf)o%:ooemocrs 326432000 @ogeoogmé: vertical downward welding

<

cr\g:fécsooo @$i$:39@cf@9§ @lcx?éooo:oopé fillet welding ogégg qlos'g:%éoagl

OGLDQC?)SZCTO)CQ: 390%9’303§G§&)é @G@S?Gé&)é 0cOO320: 8(%:8(%:%:%3: G%%(YSGO)%SZD@T

saogcf) oc%sae@sges?o% ooo:@o%qep_gu

a) Weld tab

necwax: (welded bead) srao:@cg sraa??:ogé gjogogéquors 324032900403 @o%e@%éooé
saogcf) weld tab orc?’ o.}:qeéu ocedeel 39963:(35: fillet welding ogécué: end tab

of?:q%oocﬁ@ogooo:ooéu oCewadee flange §<§ web 09]_3390305 fillet welding 091.’

submerged arc welding §é:[§<§ C\B(Sooéssa'] shear stress qp:ooé 399:’3:(%5:03&
sgogzoo[gscf: automatic oc;ooog& @:eo:ooé: crater (bead sﬁqcﬁ.?o@ésaqj’lcf:)

o[55edTave 220308 550051
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o%spogé steel weld tab (flux tab 0503) eo']oaé welding procedure oPl) ()O?Gc?O(TS(OBé:

Q N < < (o] < < ﬁ o C < < <

ooogc[g: @om@u 0@ procedure 000 0GWIESEN PA:Z G OIUYCIJID  3§2I2900
< ¢ O ° Co o o C < o¢ < N

@@coT[éc:o? steel weld tab 00:00p0Q03OYC:  IDMRVIGVIECVPOLY  OIEP:OC
(*] < Q (o] < C O o OC <

390339900[5)1@:0103 00§PO: 060D 2D:&RCIOPOII

0) Work of partial penetration groove welding

Crater oaé Gwo?cqsaoz@cf welded bead &) ms@:ogé @8GOTGQQ§[§SI Qﬁsg(%é:ogé crater
crack GoT$éooén 3309:00[(39(3 partial penetration groove welding 050% groove angle
Goo:cof)ooé sae[§sge§qp:ogé @5%ée[§quoaéu ofée@o@ automatic welding @fé:@cf:

- 0Q. ¢ e _Q Q e (RS.,.9 N C o0¢
0GLIEOOVPYF1 0ELIAC:00EOYPMPRC bead [;)ooemoooogo,@c, EhEoleak-elealealea

C < Q < < ° N C..N c Q <
(9]~16 5] G@Oﬂ@gll C\?GDOQ_I(Y)GQQ member (BODC&Oc?G@OC:C\D@CZ QBGO?CD groove

. NRS < 9 < RN R S S < Q < Q Q
G[;)OC:CD@C: Ow@%G@OQI O‘)O)OOOO‘)OQIOOOQC bead @CDGOOOOOOQO:@C:I O?GO?OO

welding procedure G@Oé:(\\) 95:0% ﬁooésaam e§008005 welding @$eeao595 e«y;orgaf?:
bead &) 3399(350% @5o?crgoo°>qeéu
Manual welding 035 3999(%5(7% ogcm%or% @l@501m| crater G@éGOTQD(Y\QQ%I semi-
automatic welding ogécoé: power saqézsa[éoge@epogé crater @éwé function
ooé:ogé:ooo:@u 39@@:39(35:091_) crater- filler current @95 @l@&ﬂm @:eo:ooé crater
o[edeol§Ecli Be(né Baeelgapesq):03¢ 3289:3¢:320: [8dcpa50des ecdzdali
w0 ) Work of fillet welding and partial penetration groove welding
C < C < < Q < < NN <
300050 2YOd Q. gC GGO@OO’):OQ& eplovicova) q@goosdoo@ql gﬁsaqloo G. 3
< < "l < : : : < < < s (o]
Q005605000:0l00p0 1 Semi-automatic  welding §§:[§q QROCP:ea0n  joint o
oeoocsao%qooésgaﬂl equipment 3990539@5 (layout) 1 o%eo?og e&cqp:%éﬁ ©eoC:0lon]
C < < cCOoC ’] O C < Coo (o] CQ o < <
el=0plc~o el E eloaloptork e@la?o§co I Q3203 @g@@@@ @[ooco)e G02CEM
ooo:qeén
c) Installment and removal of suspending bracket and temporary member, etc.
Suspending bracket 1 008 member wwlo_Scy% oof)ao&pogé o.'?:oo@f oeooo%coé:l oce
<

member o3 agotaepod e0l&:08egarpSadarpd S} confogSiofienigll ©05g0ps

S NN < Q N N < e, .S T ¢, 9 < < <
oeooc;aooqe&)@oooeu Q%GOO’.)I @e:ac: Qg‘?:GC\)’.)C:tDa C\?OC§: C\?S@OQJO’)G@OQI 8060
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(9}

hanging rings qp:sgc?crs upper flange & mﬁ@é:q(ﬁ@@é@:mémé@é @5:@5:(36
C < < O C ~ ¢ < < : : C < "l

COOCOPOCOVDY  JOOYa§ RC: qp:opc  on-site welding cpogopYaesl  shop

Weldingogécx?f)eaooéooé erac[ésaeq? C\%aséqlcrgqusgor% orof ée LI c;aooéaorgqeé

BSaopSH

Suspender 1 008 member ooaéo%n% wcﬁgp:ooésaa'] GG’DO('YSG@ (base) material eoTogé

< coC . [\ < N
39@)039§’339@qu2 ODO’DGGPO’D?C&?ODOGO’DI coating C\?OC§:§C§ G’BS]P_D'G’BGOgH

oéooo:@é:eé: pavement ooaéogsaeoT (ﬂ(’D?O@éS’BGQPQ)OSﬁG’D&)CEI oo&qls?e}ooé

2P (3990533:173:) 3a§c75 o%sﬁ oocrgespcﬁﬁeﬂozagogng 3260030008 eaooéacﬁqeéu

(o] N < O < < < O ¢ O C ¢ .

orge@og pavement o:oo@o?,sﬁ FEP0DHIIE BP0 TR o?:mozsa[?go) Bridge

Deck Pavement Standard (Plan), Honshu-Shikoku Bridge Authority, April 1983’ (7%
o o¢ <

sgo?:@ﬁcoo@u

2-J-9 q0380[oCm[0da40m5004p: 0des0:[g¢: (Surface Flaw Inspection)

. ¢ ¢ Q o OC C . - < ¢ O < : <
(o) Welding 0?oc§:qp:[9:a?:qj§090| joint 030930300 30ea0 welding 326p53260y:
o O ° [N < c O < cor¢ (*] : (o] co N
qe§)! bead Qo088 sgogcsg@co? oooe@qlooo@g (aQ) welding 07 6q|10:6025
oo%eao:%éa)é wéeqﬁewo§é: (nondestructive inspection method) [§c°: o)ogeeo:ﬁ
C\?Seaooéqeéu
() oogeao:ﬁqp:ﬁ 630050 :;aauog 2) @ ¢) §1c°°: ssé eaooccza(ﬁoﬁlml 39(%:3 (o) 302
< < oc¢ <
e@meeooa@ug OPS0&CAOOII
0) 0@003905@@)05: 05@90:@5: (Weld crack inspection)
Weld bead §c°°: qé:sﬁ s@$:ooo§$crgog§ :3905@@05: cx?:oe@ogeoﬁreoqo']u
< < < < c O < co e C < C <
G()OO?OQJGQO:@Q sgme@y)c:ooeao:@c:o? oooee?qlmo@qogoeaooceoooco@:l

C ° [o] . . s O ¢ < < NS
39@0)39@039@0(&) QDQD(.DﬂO'](DI magnetic partlcle (OQC\?O’DO)(D(YgCZCQﬁ§[§Q

<

3o

08:607) s?é: o%eo?ors liquid penetrant (32 85089@8@5:0030) @é:
° C C <
sgo?:[g)lsj ©®G30: 0G00I

J) Weld bead 3908539@5§c§ Qoocg_:nw$ssoz o>¢§ceo:[§5:

™) oemow:qltﬁ§o@§eoTogé eogfﬁmogea)o s'aqollcf:/saeo]ﬁ (Pit on surface of
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c)

weld bead)

605005 (butt joint) Qo")g,oé:ooo:eoao T-joint §.<f: corner joint §<§ PN
member ooog?sﬁ Cross section ogcc:é’leooo weld bead & q|(73§o[<:)c°:og§
sgq‘j[cfecﬁqo']n Fillet welding §cf partial penetration groove welding ogé joint
09036303_]5 o%eu?og joint @ﬂé 0003800003_]3 3368[5 Q)R saoggégloaéu o%eoocc)
1 mm §cfesgoor§ coSeom agqjlé ma&qp:cr%ggu 3368[5 ®R) e?or% (0) st[c:ooca
ogorgqlorgqeéu.

0GUIOY:EN qcﬁ@o@éeée@o@é@& (Unevenness on the surface of weld
bead)

Bead ooo%egsﬁ qcﬁ@o@éeée@o@é@ém&’ bead saeﬂp_g 25 mm 39035:
39$§33@3 cgo@o&-e@é GO’S[;)CDéII ep_Sep_oo @égézwé 3 mm oorr%ec%e@qcﬂn
OGO’)OD’.):GE:)éU\) qj’@oée@ean e (Undercut)

Undercut ooo%qsﬁ :39@(7500&5 0.5 mm ooorgccﬁqeéu

Overlap

oeoo:no:ooé cx%wéooorg (céogoges?@é: (Overlap @5@5:) eﬁe@qn

Fillet welding & 39805

Fillet welding ooo%’i)eﬁ sggogsgm:§.§ throat ssogoaé ooorS(-];orSooo:eooo
sggcﬁsaoo:e}cf: throat araogesraocf) ecoSeoqcﬂu oema%é:sﬁo:o%ocﬁméqlcf)
(39@%:@5005 50mm  eol) ocwzayp:  (weld  length) e 10%
sacgosgeozsgog&ei eq?epogé qé:sggcﬁgam:§§ throat 3acp :390303 spalial™
390%5:390300% -1.0 mm gcf:@loopéu

mé@:oem/@o:@éoem@é groove weld 0% qcﬁ@o@éeqp@é:

({I(TS?OE:)EGQJO@E:?CE OUQ)OQ('TSQ g%é:(@é GC%G(%GR:%: OQOS(?OSQJ(’TS eﬁo']m

< < C Qc <
groove weld opci ewod: Q-08 0QC em@ooo:cooo a@qc:s@@o:a@ogc:cf

m:@éoewqp:(ﬁ sseqpooogeﬁec\%(ﬂn m:@éoema@@cfooé @u: Q-0¢) ©
39(%5:39@0:4{[9:093 ecq%cxg.§o']m| bead Qoogga%l sgogzoo@cf toe 39(%5:0%

esdoeguesgoé finishing @lcx?(sqeéu
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Table 3-15 Groove Weld Reinforcement (mm)

Bead width (B) Weld reinforcement height (h)
B<15 h=3
15=B<25 h=4
25=B h=(4/25)-B

< [o]
9) 3’3[(:)0)39§0@800€ﬂ@030 3200032

255 mgomandenn 285H3E:pio3 BopSBBEpops B§opSBBE 8

o _¢ N

ccéé:qp:(f?’ @s?coé@ceoé@é:

<

qéc&e@ncf c30055 (base) material sacol ooo%sspcﬁﬁcr‘% saem:ooo:sjl osaooo%org

Q?(SGQOOEQG&QII

39[(3)033a§039900q|o:m: @5(\)@@[@80\)@ §é:m§:qp:o§ @002 ?—OG %

C N
e@o@ooo:oa@n

On

[(}c%mé@éaoéooé oeuoel bead length oo@Q 40 mm §§eswo§
[o] NN < < NS < < < < . c O 0o
ﬂqee[c}o)[gu @ceoceq:c\?occ?:eraogm Qp0Ge00C0)  preheating  ©0p00

OGDU)O%OS C\?((SGGDO(Q? q@é I

Table 3-16 Method for Defect Repair

39[(}539@39900 @$mé@5méwm:wé§é:m§:
B q|:300:
Base material &) q_lcrg‘?o@cc:sraqj’@ec?cpo% e&;eoTcgo oeoocoo:@cf
Arc strike 3{)8[@:@@008 grinder @5 eqpesgoé m:eo:qep_gu co0:c05607

3.;905:39030: Gﬁp(f’ggg grinder [(:95 eqp@é:oaocpﬁjé C\?(Sqeén

Assembly weld

3¢ B8a0p3 =68

33§039€00

sra@o%em?oagaoo @ogec?eoao 39(?50% arc air gouging ooaé@cf:
or%:ogé:ej ocf)gp:qeéu
ooéé@lq?éqeéu

0%39(30'100 assembly  welding

<

C N
OGLDGQOD('Q@C:

(Weld crack)

2056(30¢:(30e§20p5323C:08 ad:0005qp:aepdi [ongo FqS:
3(0603 qpegewd0005(8:000568205 news (085 caOSaqERSII

N C
0GL0DD: q_lm§o[(:)c
5 wdiSep: B3RS
(Pit on surface of

weld bead)

0)|33E:03 arc air gouging o3:0003 §5:(6¢ wudSgP:eepdil

(o] C C o < <
G§205 06U C00HEIDIE I
e S92
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0GLYD: f:)ogo:[éé: Grinder @5 éq@é@é@: oacf:oocf:ooé Qéeo%qeéu
(Overlap)

ocmq|0§§o[§§ Grinder @5 eq_pqeéu

Undercut Undercut @503@?33900?39@& %ooéﬁ grinder @cf:eqpqeé

o%eo?orgo']oo oeweaog@: grinder @éeqpqeéu

J)

ocms@tﬁe@oé:oéem:@é:
ocmeao%ooé :3980539(‘:)8:%“ ogé:qp:ogé @cﬁe@oé: @éeo@éch’f C\?:ogée@[o']u
(*] c O oc < < < ° (o] oo0¢ ¢ C N ’] < (o] <
OQED §e§&CON araooe@oc:qp: 3D §PGYEOR{ECE|§§2 BTS00 ocge@g
< [N o00¢C N < < (o] < < < < NP
qo350(g83  qpegecpifoopy  meadelntiqpicd  efgdecleoqs  qpigudqe(st
[oN Y < < < N N (] C < cc o00¢C < <
gﬁs@gc:ogc oaoo@ooem@ooo:o']oagu Q0G0 qloo?o@cg PCYER (GO esooe@oc:
O cocC N < < (o] < c ¢ (*] o oMm¢
QP m(gw§cm£3997 ara@o:c\?oeaoocoqup:crf CIOCYMN$ERY O a?c\?[éc:
eu?o&ﬂu on%e@oé oemm(ﬁeogp?éeaooéepogé afae@esec?qp:oaé 3905@@5:
< c O o (] < < O N o _C <
[c}oaeoT@c:(Q 00 §CE§  CPIPORIMQP:MN) 39@@390 QOO§I€O0N 0GLD
ss(ﬁe@néz[c}ogeo”rﬁo% ooo:agzeﬁ 338mo°>$eaTﬁoc°: @o%ooéu o?@e@ocf: specifications
< < < C Q o < < C o < C < (o]
qp:eﬁ ODGOOFIQPEIREIRD 0700 OIDORUOPY 39[4:999?: e ealelhontllonlt oo
cx?éeaooéqeéu
3‘9@3:00&9(6088? :;aogcc::ej) 39[(:)0339§ocfaeooq_pz (internal flaws) o% Py ﬁﬁ%éq:% 390803
radiographic testing §.é: ultrasonic testing c?é:mé:qp:or% e&;o?:[g)l@oaéu o%eoyg T-joint
) @@éoem (fillet weld) srac‘jeéz o%eo?ors corner joint @ partial penetration oeud
o¢c O < S < < C N <
32QC:000C T00t zone & 0ew ara@osgc?osrasoo?c' 0GUIEGOVN oagg[c?@sa@ya:
N < C N\ < (o] < o ¢ C < < O < < N N
g@o:sﬁefo amao'loaeu oge@oq 0Q08:2009§P0:C0S:qPIM mme@oo:moeao:oa@
< < < N < ’]
§p0:006:qP:0RC COPRAYC:e000:0lI

Weld bead & 3998839@8‘?‘3 (Boocg_znoo$o§l’> 00es0:[aC:

o]

Weld bead ooo%§sﬁ Qésaagés@@é§§ ooSa:choop_@ asqaqlo:§<§ sg@ogsgl?ossaooqpm?

< <

s0:[G05epogSt 308818 80088: o8 Secneldnd gioaond 203EoSgap: [BcpS 88a0ns

. . . . (o] < C(Q (o] < < C < < oc
Imspection criteria (TL)ODCD(?CD[S):I qCZOBSQOg('D QDQGC\ZIOQD@ gC@IﬁCGO\)’J OG’)GDE{IO:(T?

o]
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Qc < N < < (o] CO N <
gﬁsacec:ogc cm@)ooo:oo@u Groove weld 020907 0000Q:06WI m:@aoew ccleplon
C o C O (o] C ° [N < < N O
saqjm§01m Q) 0p 0p:orepopc bead ) QOEN$&S @ogcera@c FEPOFEIP:0)
° C < < < < < ocome < < Q <
a?:@ooco:eg ae@o:araqjmqpxefo q|m§o@cogcsgqjlgﬂ@c:| qlm.?o@co@eo@c:l
undercut @é[ééu overlap @5[§§u sa@é:oem (Fillet weld) @&\ 3980533003
ooaéo%@ogoaéu ‘Quantitative Inspection and Control Criteria of the Appearance of
Vessel’ s Body’ (edited by the Welding Work Committee, Shipbuilding Section, Japan
Welding Engineering Society) 093 :zrac@ésj qé:ogé odom:el mé’llzcﬁpem
39@@39c;§qp:09€ co]é:ooé@&a@o:@f; m%oooéqlcﬁqp:(fé cmcﬁogé eo%@ooo:ooéu
o) Weld bead qlcrg.}o@&ﬁ saq‘)lléqpooé [;)509 materials .}(3 390%@0030%@@)9{5
< T < < o ﬁ ’] < o N < C. 9 < o NS
eolenl=S]favalorion BN =aTeal=loX o} BEC-T=0) 0p 0ok @o)oo@u GC:0R00R0 eoa.cw[g,
[g)ogeoooéz[g)ogeoooéz [5950100 strength saeoTogé a)crgespngﬁeﬁcﬂn o%ew% @:eo:@:
seo;gc\%cf) 3903&%05 @ogeoT%(ﬂm stress  concentration @5@6&;0%@@:
< < < c O < [o] O < < s e N <. O
s'aogcsa@csso:@g &OCVYOIED eeﬂ&u o:ge@:og: OCe joints qpP:ogC GC:0330:
< N < o O L < < <
gge@leoooco@: 32g|,07 secondary joints qp:opc gcﬂ@pa@n
o) Weld bead ooo%egsﬁ qcﬁ@o@éeé@oﬁwé bead @ G’DOOOSQ?GT)OQE @éeoToaéu
crater treatment §cf @903035 @méwé treatment qp:eemé:(ﬂm q|08§0[§5
Q < < < o¢ < < < < < c O
OPOPOYR]  FPODHIPNEG  GPIOIIECIOITIIORM  GOYIC:QSGEID asogcss[gccr]_)
sseco:ooozg treatment qlo:o% oq]ooo%org C\?&;mﬁ ﬂeooocgg; cuorgé%éoaé criteriaorcg> 3
mm o a)orgej;orSooo:oaén
0) Undercuts qp:ooé stress concentration @ 398(7)399@)05:39615:@5@: cno%gzﬁor% (céff’
< T N < < < < (o] ° (Q < < Cs0C <
[goo)cso CODIIORMD  OICH  ©OIMB: QPN 39@@9[9: GCIPORMD  COMDKCIOP
criteria 09]_) 0.5 mm §<§Gssoc75 Sp) ooorgc?ogooo:ooén oc%sa@é ribs gp:1 stiffeners
qpor}of?’ fillet welded joints qp:ogf: oce structure g?aoo%oaé toe zone (on the
lower-leg side of the fillet weld) ¢ undercut oogC 3909:03@(3 stress concentration
ﬂeooof;@@éqé sseq:@:ooén o?@e@ocf lower-leg sideo9l> e[;sogecé]s 006s0: qeén
oc%s:;@cc: 030'3905 fatigue strength aseoéqp:o% c@méewq%a@ogors undercut
< < < < < C < < < < Q0
oateNloalloal™aH"%) gﬁsas‘?:ogc eoo@ooo:eooo OD§IOIJIDQP:COM OO
on&:oqSo0pS [B8eSqp: §ooodn o3l 2830] wefEmegqpiogs oB:fEnioSi00:af
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cx%sgémén fatigue §cfoao§a$c°:ooé arae@arae§qp:3faorgcﬁ Qﬁ ‘Guideline of Fatigue
Design for Steel Road Bridges’ (Japan Road Association) or°f cf’f:m:%éoplwéu

<

o O < C N oc . .
R0) 9QIEPEP: me@a@e§eﬂo:ogc ©GI00CHMIVEE Wesmoc: welding materials
N C N o < c O < C N [~}
qp:ogc  overlaps [c}oeoT@c:eeﬂooa FIOON ooaogc:o;a:oo:[g: overlap
@5@01@5:0% condedoli
c) @@éoeoo (Fillet weld) & 39805?‘3 throat thickness 330805 negative tolerance 0%
05 ooo:oaéu oeoocx%é: & UDOSOO’SODOSQ_I(YSI weld length @ 10% 2203 -1.0 mm
gcf@[ooén sa[goé:oeoo@cf eoorgooo:ooé: oagnaleﬁ strength ¢o base material Selos)
C o< < < < co < NN < < O C
eooo?cq_lsgo:@g 9@930&9390300 el ealoal E oaoog;oo[a:c:@ooo@u o?pa[g)c
e . ¢. SO0 0O e . Q Q . SRS & .. Q
PO9$I00§Q:gPI0)  QVOIQODIGUOFO0: G[;)OC.C\D@C. @ lower limit 39@0
< N '] < < (*] N Q 2] o <
2000000l QEQEPYUOTPEALD  APCIIYUOEP [F_n,:eo:m@u QOIS
< < ¢ O (o] < TOC <
cﬂmugc:ﬁe@og 0:09|:qpP: @oeo &Co0pR0I
Q) Groove weld ) CD(S(?):OGU)I m:@éoem§§ eﬂcrg.}o[z)éeqp@&
@o:@éoeme@oé @ogeoTooé: stress concentration 03&3 bead ooo°>§eﬁ toe zone Qo°3§cf

o CO ¢ c < Q < < ﬁ <., QQ¢ .S o _CQ
O?OOQOO@OOOOO&?GOJOQ)@:I 390:@99_9060081 S’DC\DODOO?(BC:? S’D@Q§Q O?OOGD

3

200505(8¢: 6§0y upsoopdaolnd acceptance criteria :(9d eg:qoSa0pd Bead width of
@00z P—08303¢: 2005605000:0la0pS I

fonieocdiyodol coegieasn woiBalocnipiogd Gagoop @3Sich voSgpiqedy
BorcBmesdiogs woocSiiicoon YBEES nevrsaBdd scypyecstoonds toe zone
dd&  2005eqPadeoopd  eaqpogriepdeuncsull e3¢ seonio(eé toe zone o
egpegeseant apSqepSi

s0:(gpSoewme(ong (gdeolaopd stress concentration 00p5 welded structure gp:30305
woqEFoopi GodiogdfGmoged ofroniB wopdosunch sqpgemnd cpdad
G055 aspSeoslecgS: GaseSn o§afFns oiBaioas 3408 sqpad Sembases
cpepqP:03  design drawings ogCpgs(aopiconiqepdi cwadeoy, cySesone @opé:

QJ(YS:%O[(:)&GS[P@O:OO&T 33?083933’.)2({]0: é)l@gl OS)CDQ%O’S QOSGS‘OSqeéII
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6) B[goa¢rm00§e000mGE:qpzam: [g[0EEE:
[BSE 0008 qpSgoSqoSen base material 88 oeusesoSaotarp joint 38803 coooS:go
9816502888 q$ (460008320305 member 0o8909:3060T s0f]:000566p05003 coe00gPaP
op:onig) [gl[oEoopepSicodiod  %:[go3qepSdS: ecfarramdonpy  newesodfgs:
Beosfgtiqp:dd omnguoeqpiqpigtas ([Gocge? 0qoaged (gopdaepdi secp:ooss
(688050008 neLmReiel 0903e¢ s3ig0d0p¢ BgEPLSFoos [0d Bgomgp:

§

€P)
(€3]

0
On

< N o _¢ <

OD&GDCYO)O’D osl]qooqeau

2.6 203¢:38: m[gdmenmanngp:an: 0des0:(sé:

(@) sg[g)és'aoemossj Gcrgeoogeoaga)é joint (Full penetration butt welding joint) 320:
C(Q ’] ¢ o¢ < o O < < .
oeooeeoo@:o (on] saogczgc:sa[z)msgf?osgaoo Qo 0660600  non—destructive
. . < C C N <
inspection s?@:me:@g ©0630:66p0I

(J) Full penetration butt welding joint sraogors sfaorgé:c%é:esc?oaraaoo oo%eao:oaésgcﬂl

< <

630050 §é:m§:qjo:§ésse° @lc\?éo’lml 33(‘}5 () 39722 e@méméu? 0p30 %coagu
0) oogeeo::né s?é:mé: (Inspection method)

Radiographic testing §c°°: ultrasonic testing §é:c0§:qp:[§c§ material 320:
00 ¢ o] N C oc <
CORMYLEEO OOECIO:KCIO I
J) oo%eso:q$ sample oT?eéf ﬁ%:ooozl mcﬁé%éwééqp:e?é coo%é@é: :3905@05
° < C
a?:[gsmqjoo
< < < < . . .
M) $9§2 COMMLHOOE0:60X §8¢ (Sampling inspection rate)
< < < oC < o ¢ oc¢ < < C
@V Q-0 OxC em@ooo:oagsgo?czl 0CO FPOOOIPOC:IE POPOIOICYC
. < (2] < < (*] < ¢ ¢ C C C <
joint 0369 §6§00(3: ©des0:6e3I AQEPORC CPOC§:YCORC DGLIEIOOVX!
Steel 03020: pier @ column §§ beam soo5oopSesep! girder @ web & flange
or% 80050002600 e§sp§cf steel @ézaézmwﬁeg?cpqp:sﬁ @@éa@o eooo%cj
C . - [0} C < ocC C C <
GORS0MD joints qP:OPe @UOD: J—08 eoo[c:)ooo:oogago?c: G800COIEORII
33[gn: member 320305 allowable stress 03£3:03 005§03¢ 0eUIEE050p31 Gdon
N C

. . oc¢ [ o) . . C C o
_]Olnt GBO?CH O’)?(?:SGOROR O.DO)?O)O'](YJI JOlnt @CQP:ODOGCRPOOC\PS
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. . . < [ <
nondestructive mspection §82@Q ®®GSO:61@&II

Table 3-17 Nondestructive Inspection Rate of Full Penetration Butt Welding Joint of Primary

Member
Maximum number | Number of photo | Number of joints to
Member of joints per group shoots in be inspected in
in grouping 1 radiographic ultrasonic testing
inspection lot testing
Tensile member 1 One shoot 1
(including end
part)
Compressive member 5 One shoot 1
= Tensile flange 1 One shoot 1
= Compressive flange 5 One shoot 1
2 ® Joint in direction 1 One shoot (on the 1
o> | & | perpendicular to stress tension side)
% o Joint in parallel 1 One shoot 1
é g direction to stress (including end
part)
Steel floor deck 1 One shoot 1
(including end
part)

Table 3-18 Nondestructive Inspection Rate of Full Penetration Butt Welding Joint That

Undergoes Site Welding

Radiographic testing

Ultrasonic testing

Flange of main girder
(excluding steel floor deck) and
plate

Member Location to shoot Inspection length
Beam and column of steel
bridge pier Entire length of joint in general

Orthotropic steel deck

50cm continuously at the start
point and end point of joint (two
shoots), one location per meter
in middle part (one shoot) and
one location at wire joint
portion (one shoot) in general.

Entire length of joint in general

584§ 2005605805 (Acceptance Criteria)

oog|eponc:ann: (Fatigue strength) 30305 cond§ecrcnngad see(gsg) (fatigue

strength 338 D in JHBS) g¢(08Ee00n defect aaguSaaon:en full penetration

transverse butt weld bead §¢ cross shape weld bead 030p¢ o3(02:a00n 18mm

005 (0B:0lon /6 mm 1 03[gpiaacy 18mm e@2005830/E 3mm 1 longitudinal
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full penetration bead ogé t/3 mm orc?> [(3903ooéu High strength steel plate &)
. . . o} C < Q _O °

partial penetration groove welding QCQICI  VR§Q31  OPOR:O>0:

dqj§0p35:32q) §S(g8C 00 defect mguSe:90 3030S 3mm 1 3(6¢ 8mm

GSapSH
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ofe) STUD DOWEL

Q-0 Scope of Application

Q-0-J Material and Shape Dimensions

Table 3-19 Chemical Composition

N (o] c (o X ocC N ° C [N <
Qﬁs&;aq’:(q arc stud dowel & 0GUIIEPOTEIY: C0§:A0:GE): TR0 ] 6§ @ooogn

JIS B 1198 ogéoao%@os [c:)go$:ooozeay) studs qp:sﬁ Falealetle goé:(?l mechanical

< (o] ot A ¢ ¢ oC, . "2 < < < o <
('I?CIDCDCCQQ{IOI (BQ)%)O§§Q G’BCQC.S'BODOQ{P.O? GG’QOOOOgC GOO@CX)’J.OD@II

Chemical element (%)
Material C Si Mn p s Al
Silicon 1 54 0 Jess | 01510035 | 0.30t00.00 | 2-0400r 0.040 or -
killed steel less less
Aluminum 1 54 0 jess | 0.0 or less | 0.30t0 0,90 | 0:9400r | 0.0400r 0.02 or
killed steel less less more

Table 3-20 Mechanical Properties

Yield point or 0.2% proof stress
(N/mm?)

Tensile strength (N/mm?)

Elongation (%)

235 or more

400 to 550

20 or more

Specification 09]_) o.}:qeéu

88C:03 AASHTO LRFD o3¢ wmefgdg) [geodolon  AASHTO  Construction

Table 3-21 Shape, Dimensions and their Tolerance

Nominal Shaft diameter d Head diameter D Head Roundnes | Standard shape
designatio | Basic | Toleranc | Basic | Toleranc | thickness s ~ and
n dimensio e dimensio e T r under dimensional
n n Minimu neck symbol
m
19 19.0 32.0
Two or
0.4 0.4 10
more
22 22.0 350
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Q-9 Welding Procedure Test

Stud dowel oeuoooé:qp:.?cc: sgcraooé:qp: ooaéo%saog(ﬁ Current, voltage, arc time
>} ° > Q ’ s ’

preheating of)o%eooo erae@sgeq?ooorgcfogqjogqu (welding conditions) or% welding

procedure test &) qm:gqp:sgq a@:@orgqeéu

< N

Welding Procedure Test 093 c;s:;o(ﬁoh%@efa@qp:ogé @pﬁq@é@é@: oé:oooeg

:?é:(\)é:qp:?’) @QO0: Q_JJ ?CSSQ&O @OSGIGQQII

° oémo:ooéc;aoocﬁcq:sggpoé stud dowel welding 39@08°$@L6§CRIE
e Stud dowel e serial numberi o> o(ﬁogé:qul fo]~165 eaogeéoﬁ OOO%??
< N O <
sse@oczsgmﬂcgjc
® one per 5,000 @95(\‘38
Table 3-22 Welding Procedure Test
Testtype | Test | Welding | Shapeof | No. of Test Criterion
item | procedure | test piece | test piece | procedure
Stud |Tensile| JISB 1198 | JISB 3 JIS Z 2241 235 N/mm? or more at yield
welding | test 1198 point, 400 to 550 N/mm? for
test tensile strength and 20% or more
for elongation. However, it must
not break during the welding
process.
Bend |JISZ3145| JISZ 3 JIS Z 3145 | No cracking shall occur in the
test 3145 welded part.

20 Stud Welding &N mqéaacag:oﬁeeo:@é:

Stud Welding oemeao%@:es?oﬁ Stud bolt & 39619_339@08:0% 6320050 C\?éce%:oéogé

(000020008 @03¢E: Go§:09E[0E1 bending test 036 odes0:qepSH (O 9-@)
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(@) aeqésgc;og: o:écao:eﬁ, 0?5c$:®é (Flow of Quality Check)

(START)
START

/L\ /\\ /) ~.

o ~" Slag inclusion ~ ) :
~ apparent from cracks FAIL( E?ctra blanl.{mg
\'ﬂdappearance ~.__ Irregularity

FAL / Undercutting

e
\/ L

PASS

PASS

/Bendingtest
~._forall studV

Bending test ™ FAL /// Grinder FAIL

for all studs g \\_wshing
‘-\I;;;;///// PASS //4/
. /% extraction
bending test
PASS
1 | [ \—l

Witness Inspection Repl t
for 1% extraction eplacemen

bending test |

.
[
I

( END
Figure 3-9 Flowchart for Quality Check of Stud Bolt
(J)Arc stud 322 39@8@9@ ®o§eao:[§c°::

o _¢C Q < N

Arc stud &) sgomsgceéqu: sgocx;gorc?’ sg[éc@cf: @@eeo:qeé@og[@:l @uD: R ol
39q|03qp:§cf ﬁﬁéq@én

Table 3-23 Arc Stud Visual Inspection Criteria

gjorgogé:au(f) o (Criteria)

<O <O ﬁ < < s O N < CcO
0000:06LD 0000:060¢0 Stud @ 320§:000900:M) m:@goew@q 0000:
° < C. e < < N [N < <
Q0059 0§:2€)002: 600 I oeoosg[éq(?o 1 mm §¢320005 &¢ 3209)00 0.5mm &¢

cCOo (o] cQ < coc¢ <
G?CD(DﬂGQ)’) OGLDQYDZU? Q)O(B:OGLDU? QD(T)?(T)%COD@II

< < N [o] ']
20de(m0C:86 oQqoli
C "l <
eqp oloée
Undercut oBomeorn @mod:y ¢ 0303 undercut (Bewrod) 0.5mm eoyd

§0500p5 undercut o§qoliodeads grinder (8¢ ©:(8:00p568005

[y Co [
0.5mm e30m ecqpogo:o]oo QLML

Stud dowel @ | Design value £2mm o3 ecoqpogéaol
Finished height
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Width

2

Reinforcement

Slag . Undereut

. | Crack . A
inclusion . vf
\I

®) ora[;scc;o?ej 03036;903@8:

Height

Finished height

€

2[0S[sé odes0:g0p¢ eemn(eéaopd stud dowels qp: @:ad:d  op(sGag)

60:p305603 odes0:(gS: (bend inspection) cpSeqepSi 30:(gpinew> 06G:ec0:00p8

stud dowel o3 G&:&) cod:oopSepel 80§03 0053 05 80§a8 engiqepSi odae(0s

qo3[6¢ oes0:9a3 ean(eSaopd stud dowel gpial 1% o3 sesnegigds) bend

inspection coSeqepdii

o) oplsCong) odeso:gaee @0Se(nC:00005 gOSuE:quadepP: s(decloopd stud
dowels qp:03 coa58qepSi 05 §0§eacd c0g:(8:00pdeg005 goSué:quad slgdoopd
stud dowels gp:03 6c0dd3 [0See(gosod seng:203¢:000:qepSI

J) Sampling bend inspection 0% eearaoé[écc:oflm oogeso:ooéf $680 39@«13903050%

o]

< < < < < < Co C O ° NS
?0@0?:@ e§omooo 00@@2?9]03 (\?061@8" oooeooeso:ﬁo? GG}DSC\?Z GGQOC@C?

le]

2000gI€ coa5sqepd(edoopSi
2.9 28qSde0

Stud dowel o8 newees05eES:go welding procedure (newa0n5[gE:c00c§:05) 3202
(3350705 2EBaeeS:
860830 ©05006:03  cgod[ojcpSqenS(sdoonSt  86e§3000508:0S  earadul
caqoSseco0Sqp:c} coplogSiasdfgoonqonsi

o1 Gdomzal 6p31 2§ 0080508l 36051 neresoSogel e ead

1 06063056papE 303:[0|00pS 0050gaS: w1300t c65a03§J10s

o1 Working Procedure (cpSc§:05) 389600
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C O

N c c . o, [y c oC
c§Q! oeooeeooaasﬁsaegl welding conditions qps! C\?oo?coaaza@e

3’3G613308(73I [(:)I_[(:)éq&)é 39(%824{]0“ 3’361@0396082 08@@2? ClCDéé{r.): I

G’BGIéS’BGOgZOOSG&D:ﬁ 61(\)5088 GS’QO('YSOFIGDQ_I(')SQ{P: oqof:qeéu

e Stud dowel 90‘%388@8 3;0:[(39(?: 33(75[(39033{| bending test 0?5eaoo§epogc°:

cqmooé gjogogéqucﬁ (39[(3)533@39@00) qp:sﬁ sae{’llzsamzl saeqsgogﬁl
ouSap0p3 4

C C o ° N < < C N
®  00:00094:0p M0 stud dowels qP:3000 cEOOCHAYOIQ:
298 q€:c0é:qi05 (Commentary)
(@) mogeogpaooégogeé 338330@ (Execution Plan) ooéogé:[éé:

. Q < N < < < < <
Working procedure 3263200 ¢6:896003¢ earaom(ﬂsgqlmqp: oloé §epol

i) Material : Standard certificate (mill sheet)

ii) Shape dimensions : Weighing standard type quality control report by sampling
inspection method

iii) Processing : Processing method of each part

iv) Welding equipment : Power supply, welding equipment, measuring instrument

v) Welder list : Welder name, acquisition qualification, construction

history

vi) Welding condition : Setting current, voltage and arc time

vii) Work environment : Welding location and weather condition

() oeooeaogeé oRgaogorS 0305905:39@396“5:
Stud dowels 0@00@@05@5:035 oéeepcﬁcx?&ﬁéeé welder & ssqésraqlézc?o "JHBS
Steel bridges, 2012" 18.4.4 & "Welding procedure” ol oooggogqlcf)qp:§§39§

C <

@oq@@u

Q) Stud dowel & sa(plogé:qp:
Ferrules .§cf cartridges oooé s@ogogé:qp:sﬁ 32600:805 wo&forge@%@qlcﬁ
(specifications) qp:on ooéc;aooo&ﬁ mo%egasogé:ogé ee@oé:cﬁqo']u ecgeeelpéooo@é

e@o&cx‘)qcﬂm arc stud weld oé:oof)gg qcu§qp:09l> @@50& fo') ooéogéz@:
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geloedacpaess

() epBpop efgmesqp:
aea@:saﬁeﬁ@ooé 0°C §é: 632005 @50100 eoaorfqum:@é steel material oPl) gas burner
a%eo?ors sam:oacggo$oraem §é:[§cf 50°C a%sgog [?_B‘looésggeo:[géz (preheating)
cx?ﬁ@::? oeooeao%qeén
399$:[§§oog§ C\?&r%éo']m oemeeogoaéer?spo% Gmcgcﬁe§eoq$ ooc(éecqﬁoaé
§25:006: 000q]|:qJ[:03 3205:(g|[8: esoaégadeendu

(o] c .. <

%:g;e‘?cﬂm [g)éoogé oeooeao%[éé: e@lc\?éq&u %:g;[(i):ec?ocﬁ oeooeao%@é:o? |oog)c:
[g)lo?&ﬂoo oemeao%oaée§sp e@o&eo&&?e@q§ @og:mog@[qeén
) oo%eﬂézeq:c\?é@&
Stud &\ og&ﬂozarac%é:a@o: adaq:! O eq%:eqeg° @oaé ogé:qp@c? oeoooao:ogé
o@méogo:%éoaé ogé:qp: 005[%@)5: eﬁesgoé oooog(ﬁooo:qeéu
oeooeeo%eé ob[gn:qlcﬁc?o@&i cﬁl:qul adey|:qp:! essocrgéeeo:qp: 03039_30%03 grinder
(68 o0:q) wuSqpiqepdn eqi &8 @33
ooSejp:qeén

(o] 00 ¢ < (o] <
(200 0] OGLDO? CD?('DGO)QD ) Og@:qp:ﬁ?(\)&:

©) sgoaogé:qp:&é e@o&‘)eogpmé [§ch38[§5:
Ferrule §cf cartridge oboopé srac@ogé:qp:cﬁ e@ocﬁe&guesgoé @méq@éu :390%@005
é%éqéeﬁesaoé C\?f)ooo:ooé srac@ogé:qp:o% géemcﬁ@:wée@cﬁ eoa:@o?letqﬁ
@oog::@ [goo%o%o sgoéze@lqo']u

Q) oeooooorgeé QUD€ F2G§3000:
Arc stud dowel osl’) oeoosao%epogé 03:1305905009:&3@? @é:mézc?o sgeoch GGQOO’SO%

(downward) @o%qeén
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(®) cx%sg&né a@e@s@e@ooorggorgqlcﬁeﬂo: (Welding conditions) c;oaqpqc;o@é:
Welding procedure test [595 a@:@ogooo:eooo 39@@39@@0: (Welding conditions) §é:
Q [N (o] C N <
IO 0GLD CPOC: M) GIOICHMQOOII
(@) Welding conditions qp: 0go0o! G[(}J(Q::C\S%éeoao 390%5:33000
Stud dowel welding ogé (RI(S%:G[:CT)OE:?C? 03]80.§@0qj$ (arc time) 390805
N oc (o] ¢ ¢ ° co C
gq@looo:em 326230000 eragc:era@oztp CQP§$:000:Ga00 @oo@cg:o;ﬁ + 5% 3209C:0
arac;@éqeéu
(00) Magnetic blow ¢ moogoS@cQ::
oeooeaoge§oéogé obc\%(ﬁocfxugé:e@)é %50$:qp:cgcf@5: (Magnetic blowing)
e@ocf: m:@éoemogé aﬁtcf[_a_;cczzl @05 aC: (offset, undercut) qp: e[c:s»ogeoTeo)q$
o C o < C N O C C C C N
2594504 oogooo:@c:ogo% 2 ealeln[eakllealtle @ch?oqeen

(00) s'aoé:oemeaorS@& (Test welding)

[\ c ¢ C . L) o < < C C C
0eULICPOCs: vooncacopc welding conditions gp:op esoog[(:)Leﬁ fo]~165) m@e:eaoo@c:
(Test welding) 0% @[C\?f)qeéu

< oc¢ < < Cc ¢ Qo ¢ ’] < < '] . [0} C C o
CHLI§I:]S o:oopdo@c,: F2000§)0§2: QMO [g)e?@w@sga test welding 09 320000006
[g)ln?é@: bending test cfgo%eooo §&S:C\>§:qp:[§<§ welding conditions 093 ©0630:

< <
2oop3[g|qep
(o) Field welding
C ¢C ¢ C C < [\ C ¢ 0 0
[§e:| 0Q|0006205322: (power supply) 1 06L268056p) 0030§:M3|C 39@@39@@ 00PN
08$:33§:q$ acﬁéooésaogas stud dowel qp:320: C\?50$:g5§ oeuoeao%@é: (Field
Welding) orc?’ eﬁp&]p:qeén
(09)new(g§es0d8c: (Re-welding)

< NN NI T g c9o__ ¢ < . Q < 9
OGUOE:)§GOO’J[§C:C\?OC§: GSOOCQ(D&T?C\?GQOOW(D GGD’JO’)G@ material Sﬁ Q_|(D§0[€)C(7?

ST-84




GQPGQOG§GGDO(§ QPSQ@&QII 05@08%8 3’3[(:)0839-?039&)0 gl@ﬁci OOSGSOSQ_QEQII
(D(SC\{IOSSQG@S&@O:%GOD’D G:?GT)Q{IO:OgéC\Dé: OG(D[;):§G&)’S@§:QP: GSO’JEQ(TSG].%;

cx%sgcgmo.%éoaéu %&;a’]é: (electrode) 093 @o?@[ej ocooooo:og’f e@éaoéoaéo']u
2-2.q Referential provisions of AASHTO related to shear connector (stud dowel)
(o) Materials

Shear stud connectors c:;_p:oogQ Cold-Finished Carbon Steel Bars §<§ Shaftingi
AASHTO M 169 (ASTM AlO08), cold-drawn bars, Grades 1015, 1018, or 1020, semi-
killed o%eu?org fully- killed steel araoro)org m%worgauogqp:?é orofcrgéqeéu GGH’S&?%({IO:

o&§:ooo:cﬁ 390{?:[;)[@039 aragé (flux retaining caps) qp:or% esoéz@lcﬂm o?e caps qp:o%

< N

Qo200 steel &)é oeoosraogors oocf:ecqﬁoaé low-carbon grade steel @5q@é[§95@:
Cold-Rolled Carbon Steel Strip, ASTM A 109/A109M ¢ 0305036651

a@ao%@é: (Drawing) Qé@:wéeéoos bar stock e 035::13594{3: o%eo?og

N < S < < < ° < N o C .
S’BGQJOODU)O)O:ODQ stud (:HO:GI 0)8:&)0?6“0:[;99 &?2@0)030203@390?0: Tensile

cu%oa%@qp:a)é @Q00: ?—Jg Ugé GO’S[;)GDO:GLDO m%QDUSQI(’YSqP8§Cf ('f%()%éq@éll

N <

qé:ogé ssg;cfac’?:é%éeooosso: (yield strength) oop_g 0.2% offset e?@:coe:[gocf:

-0

o < < oC < <
&?: OO‘DCDOZQDIB%O?CZ @@q@@u

Table 3-24 Tensile Properties of Stud Shear Connectors

Tensile Strength 60 ksi

Yield Strength 50 ksi
Elongation 20% in 2.0 in.

Reduction of Area 50%

< <

() oé:ooﬁoaé §po:cve: (Test Method)

Tensile gasoog3gp:a3 AASHTO T 244 (ASTM A370), Mechanical Testing of Steel
Products & oocﬁac%&p @a%:qp:t?cﬁ 399_3 a{?:@orgqeén sgc;qpooogooo:c;ow stud qp:sﬁ
Tensile 035::)35?9]0:0% test plate GoTogé ocoosaogooo:ooé stud qp:sgeoTogé

[g)lcx?éqeén oc%of% o>§:oo<3qoog§ coo&i Bridge Welding Code (AASHTO/AWS
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D1.5M/DL5) 085 oqoaé cclevatlen oé:oaf)eé ogglwo (test fixture) qp:o% @o?@lsj
C\?f)eeooéqeé@ogooén éo%é:omooo:eooo (gage) saaq_p:eﬁ G’BCDOSOJOSO(')Sé
2[3onraS0g8 of:305E8:qp: B8ecTaooslon 081008403 B§coSqead

(R) 32egpoood(gC: (Finish)
aec;qpooo%ooo:cooo stud (Finished studs) qp:o;ﬁ @qésaeog:§cf @e@@e@qp:ooé
3m§sp3cu§q|cﬁqpx| aocﬁc@né:qul 39(‘73@[:(‘7)’38:@”0“ FeR:qp:! c3§c;§>ooéqp:

oooéor% e§°pr3 ooo%ooeorgooé: oreéqeéu @quoaorg[éé:ooé cold-drawing cold-

rolling, o%eo?org machining o%@é [(:)Lc\?f)ooo: qeén

) 39@0000839000:905005: (Certification)

(Q$o?o§q?5@oaoo?gcu%? Stud qp:oaé gﬁa@a@:ogé @go%ooo:oaé oaorg?orgqlcrgqu

o
Cn

< o C o < C o < N Co C < o ¢
«?Cn O?(D&GlmC: eoooooaq_]oo GO:GI@&II 0)(7)%080 3961&33@382 oo§: SGGI‘:
< < < Q@ Co ﬁ C [o] < O c cCo
O@:ODOQJ(D 390610607)({]038\ 3260000030003 Gg))"_??qp:(f? GQCQIC (0v0) ?

eoooé:a%moo']oo U)é@q@éll

(9) $9§0qP:30: o><§eeo:@§: (Check samples)
Qﬁs&;a&cﬂ cx?écg?;:cx%sgéql(ﬁqp:@eo”r gi)ooéﬁ sséqlégooooaé m$oo§’]or§ooosﬁ
crﬁcqp?p%@fu m$oo§cr§o>oam&39q stud meﬁlzsgo:o: ooo%qsué:o%‘?cf mo?:@leé

398053903020% Gg:éu()g%é&)él

Note: saeoo:ogogssqlcﬁsamﬁqp:ssogcﬁ ¢7. Stud Welding of Bridge Welding Code of
AASHTO’ of 8[cé: 03:000: 8800051
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26 @80533E:qp: 061 guS=BE0: 030q9 (MEMBER PRECISION)

(@) oSecu%oéooo:ooo%oé:gol members qp:o;ﬁ sagcﬁsgm:o%cqﬁgn 8(%5:085 ooéogé:
N ¢ O ¢ O ¢ o <
0ROV O30S TOIRSqERN
(J) Member ooogszsﬁ ogoq_lﬁooé @VO0: Q|9 ogé 0303903000:03@?390935: [(:9030qu 39<°|_>§ (@)
N < oc¢ <
308 e@m@w@o? ORSOSCOORJI
Table 3-25 Precision of Member
No. Item AIIowaE)nI1en:/)arlatlon Remark Measurement method
Flange width b (m) a a0 o [The bin the e
| | Web plate height h (m) 08 <hS0 Neftcolumn | AL ke ATET I
Web plate distance b’ (m) +(3+b/2) - 2.0<h represents b, &) Lo
handb’.
Web plate of h: Web plate
Plate member such as |h/250 height (mm)
deviation |a bridge girder,
from truss, etc. w
2 |flatness  rjange of box w: Distance %
(mm) girder, truss, w/150 of web plate
etc., and deck or rib (mm)
plate of steel
floor system
b: Flange b8
. 4
3 |Flange squareness (mm) b/200 width (mm) TF_.FJ
Steel girder 3 - I=10
Member =2 RO 1>10 % I
length | (m) ! !
4 Truss, arch, etc. |£2++-++-- I=10
i3 ........ | > lO
Expansion joint |0 to 30
. 4
5 Bend of compression member 1 /1.000 I: Member
(mm) ' length (mm) | }e—j—=
Perpendicular degree ) ¥ - Stad
6 between stud and base | b/500 b: Member § e e piate
width (mm)
plate (mm)
g Hole position |2 b: Distance | &
< |Base between hole | |%.+°°8
2 late centers (mm) dg
7 N P
Hole width 0to5 d: Hole
diameter
(mm)
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o 9

Member @ ogcqm.?cs OCYSOO('TQ)GjI JHBS 2002 399.§: () 9 (06) =3 3%8:9@5@

On

@)go.%qjogqpxg allowable values qp:§<§ or%é:oooooé: @é:méqu:o% CIeVaH{en

GWS[;)(I)O:OD@QII
0%8:0)’361@&(: G§€P4{P:I O@OC’DE{P:G’BC@UB @002 ?—JG 320: S%@(S:(’T%:(’TJO:OD(EOD@CII

Table 3-26 Measurement Point or Quantity of Member

No. Item Steel girder Truss, arch, etc.
Main girder, main structure | Near each support
Flange width b (m) and each middle span
1 | Web plate height A (m) Near the center of one
Web plate distance & (m) Floor system, etc. member picked up
per five members for
each structure
Web plate of member
Plate such as a bridge
deviation girder, truss, etc.

2 | from Flange of box girder, | Main girder Near each support
flatness truss, etc., and deck and each middle span
(mm) plate of steel floor

system

3 | Flange squareness (mm)

Member Steel girder Total number of primary members in general that

4 | length /(m) | Truss, arch, etc. are not for temporary assembly

Expansion joint Products in general
5 |Bend of compression member | Total number of
(mm) primary members
6 Perpendicular degree | __ Each stud, base plate
.. | between stud and base plate
] (mim)

7 | |Base |Hole position Total number
% plate _

Hole width Total number

oS@o:sﬁ é@o@%@uz@é:@ eogoéﬁf (flatness deviation) oaé oeoosoog[%&e@ocf
oS@o:qp: og%cx%é@é: (distortion) 3222 @éﬁl gcf@ﬁiéoaé (alowable value) or% ecs»%@ooén
o< C < . < C C o N 0O ¢ .
ona[g)c GC:20pd compression member ooozl)eﬁ eog:ggoo@c: 0O09I9OPNOC compression
member 30305 §§[0|con:e000 sadad: (allowable stress) 0095 Mm§8: cop:pgode (initial

¢ O ¢ 9 <

deflection) @) 2005e6p05¢a3 00pagE:05:00:4) 005605000:0003 @g|05e6 3053205
o3ea0d00pS: 0)|02§8:q:0095 25(00:09§088[¢: (distortion) 3BORO%
Qp3gud005e0dco:[gS:  ([6om(eé1  cwadeoy  orpSesonndaopi@s]  of|n&o0adgI0d

qp:aoad Jglcadaopd o§d:gpiafenqs qpdgudardesoncanéaloopdi Bm(oé flatness
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deviation mé mé:q_l(ﬁ.?o@é @é:aé: (deck plate) 330305 m%oaorgqlorgcoé: @é@u web

plate ooo%ezogéﬁ emﬁoo& (stiffener) q_p:or?? oemeao%@é: e@ocf: @5@0Tc\>oem eé@oﬁ
¢ 0 0 < < C <

LleNleblealoalavTovtRoat forloptobrob]

od:e sgo:fll:a)ngeep(ﬁoaé :390q|05 (effective width) Goaqpeoq$33c\%<;o expansion

o e o OC co¢C N C o] c N C N

joint (07 §C 90§§CGAOD FPOM) g O Member IPOYRIFT0ROD  FIGOIIDMY

9$[g102§8:qp: (alowable value) 03 00oSq05000:(8: 9SS
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29 08s0¢(s¢:08079 (ASSEMBLY PRECISION)

(o) Steel bridge (03eaB30>070:) oocfmcc::og(c: oloeaon members qp:«sﬁ 008908@5: a?5c$:

. Q__ ¢ Q. e .8 of
1326) CPIOGAOD YOLEIOICE (performance)

On

(o] < . Q 9 < C 900
UJ('Q_I?OD@ Erection E}):O:ODQG@OD 3(?
N < [ N
3202 G@)NQGOGQ 32:0C ﬂq@@ll

() 6320050 39(%5 ®R) ogé Gog[c:)wo:oaésao%& 005903@3: (Erection) 0'?? @lc\?&.ﬂoo 39555

(0) 3222 e@méwéu? Qaao.%cczoaén
. Q o < < C C C N < C C C
(Q) Erection [E;:o:oageﬁoool c;o']c:oooooaocooo:oa@ members qp:«sﬁ 000350C|9Cs
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Table 3-27 Assembly Precision after Completion of Erection

Item Allowable value (mm)
Span length (20 + L/5)

Warp (25 + L/2)
Alignment (10 + 2L/5)
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Table 3-28 Assembly Precision of Pier after the Completion of Erection

Item Allowable value
Standard height 20 (mm)
Distance between gate piers 20 (mm)
Tilt of column 1/500
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Table 3-29 Precision of Temporary Assembly

<

(girder)

< <
slcelenlen)

<

> méec?qu_pm% @uo0o:

Item Permissible variation Remark Measurement method
(mm)
Overall length, span length L + (10+L/10) Overall  Overall
(m) Length  Length
po——
et
 F1
R R PO
L LLL
Dis.tanc.edbetwegn (;enttters (g‘ +4 B<> Jravravsanranra
main girder, main structure B | _ (3+B/2) B>2 .|
Assembled height of main +5 H<5
structure H (m) + (2.54+H/2) BSS IIH
Bridge edge of main girder, 54+L/5 L<100 L: Traverse line length (m) @
main structure (mm) Main girder
25 L>100 L9 |
Warping of main girder, main | _5 g +5 L=20 L: Span length of main s

structure (mm)

-5t0+10 20<L=40
-5to+15 40<L=80
-5t0+25 80 < L=200

girder, main structure (m)

e

o [—

Crosspoint difference at
bridge edge of main girder,
main structure (mm)

10

Main girder

Verticality of main girder,
main structure (mm)

3+H/1,000

H: Height of main girder,

main structure (mm)
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Distance between centers, n ot L=10 . L .
diagonal length of column +10  10<Ls20 ' ’
L (m) —20 LI L
i10+(L10 ) 20<L A
Camber of beam and bend Side view Front view
_ |of column (mm) L/1,000 L: Traverse line length (m)
(<5
=1
S
n
Verticality of column 10 H<10 H: Height (m) Side view Front view
(mm) H H>10 P
==
A
i
Clearance in site joint portion 5 5: 81 or 82 of the right figure, P
(mm) whichever is larger (mm)
i
i i
e
&
£ |Levelness of upper &1 |b/500 b: Bolt distance (mm) b«
E | (mm) ‘r& g
= h
£ | Verticality 52 (mm) h/500 h: Height (mm) i
Z | Height h (mm) 5
Difference in height from
%‘ expansion joint to be |Designed value +4 "'
"= | combined 81 (mm) !_‘ {]
2 Discrepancy between A=
§ fingers 82 (mm) 2 &
i
Actual measurement value

Table 3-30 Location or Number to Measure Temporary Assembly Precision

Item

Steel girder Truss, arch, etc.

Overall length, span length L(m)

Total number of main girders, main structures

Distance between centers of main girder, B(m)
main structure

Near each support and each middle span

Assembled height of main structure H(m) _ Both end portion and
central portion
Alignment of main girder, main structure  (mm) |One support and one middle span concerning
outermost main girder or main structure
Warping of main girder d(mm) |Distance of 10 to 12 |Each panel point of each

m for each main|main structure

girder

Cross point difference at bridge edge of d(mm)
main girder

Either end of main girder (main structure)

Verticality of main girder d(mm)

Both end portion of |Near support and middle
each main girder span

Distance  between centers, L(m)
diagonal length of column

_ Both end portion and
cantilever beam portion
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Steel pier |Camber of beam and bend of &(mm) - Each panel point of each
column main structure
Verticality of column d(mm) _ Each column and
cantilever beam portion
Clearance in site joint portion d(mm) | Half of total number of joints of main girder, main
structure
Anchor Levelness of upper surface d(mm) _
frame Verticality 8(mm) Total number on axle core
Height h(mm) _
Difference in height from Near both end portions and central portion
. A . o1 (mm)
Expansion | expansion joint to be combined
Joint Discrepancy between fingers ~ 2(mm)
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Spec. I (ISO-12944-5: C4-High, A4.15)

Table 3-32a

Spec.

I (Refer to 1SO 12944-5-2007)

Surface Primer Surface 1stLaver 2nd Layer 3rdLayer Total
Treatment Binder DFT Treatment Binder DFT | Tnterval Binder DFT| Interval Binder DFT D:FT
() () () () | (1)
Steel Mill Fabrication Shop
External General | oy Tnorganic Zinc _ ISO5t3 Organic 15h | EPO | 1) Sk | polyurethan 240
Part S225 Rich Primer or (13) (Power Tool) Zinc 60 M esin 120 IM T 60
Epoxy Primer Rich Paint - Paint B -
Steel Mill Fabrication Shop
Intemal General ic Zi i ; -
ma ener 150 Tnorganic Zinc .| moss | Omme | | 5. | Eeew 165
Part €223 Rich Primer or (15) (Power Tool) Zinc 75 M esin 90
- Epoxy Primer Rich Paint - Paint
Steal Mill Fabrication Shop
Contact Surface Inorganic Zinc
of Bolt Joint ]S?_ Rich Primer or (15) 3053 0
Sa2s R (Power Tool)
Epoxv Primer
Steel Mill Site
Exte of Un- Tnorganic Zinc Organic Epoxy
contact Surface 180 & - IS0 Se3 1.5h- POy . 1.5h- |Polyurethan 240
ofBoltJoint | Sa2s5 | SchPrmeror (3| poge Toopy | 20 | 60|y esin | 1201 T | e 6o
Epoxy Primer Rich Paint Paint
Interndl of U Steel Mill Site
emal of Un- o - _
contact Surface ISO Bprgmc Zinc - IS0 53 O‘rgamc - | 15h- EpO)F} 165
£Bolt Toi $225 Rich Primer or (15) (Power Toal) Zinc 75 M Resin o0
ot Bolt Jont = Eposxy Primer Rich Paint - Paint
Steel Mill Fabrication Shop
To be paved o R
surface of steel | ISO Inorganic Zinc | mostz | Ommc | 50
deck €05 Rich Primer or (135) (Power Tool) Zinc 50
- Epoxy Primer Rich Paint
Steel Mill Site
External of ic Zi i i ;
. ° so |Moreanic ZincRichf ISOSt3 Organic 1sho | EPO | sk |Polyurettan 240
Welded Joint €125 Primer or (13) (Power Tool) Zinc 60 M esin 120 M - 60
- Epoxy Primer Rich Paint - Paint B i
Steel Mill Site
]:ntfrml of 50 lmrgz.qc Finc Rich i IS0 St 3 Orgamc RErs Epox'» 65
Welded Joint - = Primer or (135) AncRich| 75 Resin 90
Sal2s o (Power Tool) X 1M R
Epoxy Primer Paint Paint
Table 3-32b Spec. Il
Spec. II (1S0-12944 C4-High, 35000
Surface Primer — Surface lstI_ave;Fr eceat IndL= ‘;EI fereat er]_averDEI Total
Treatment Binder Treatment Binder e Binder e Binder DFT
{um}) {um) {um) {um)
Steel Mill Fabrication Shop
Extemd General | gy |ImorganicZinoRich| most3 | Orerie 15h. | EPORY 1.5h- |Polyurethan 240
Part 5225 Primer or (15) P Tool) Fine 60 M Fesin 120 M - 60
2. W J 8 . <L
s EpoxyPrimer (Fower 200U | Rich Paint - Paint €
Steel Mill Fabrication Shop
Internal G al ic Zi ic ic Ly -
se General | gp  |MeremmeZineRich) | pn g5 | OrEEme | g | EPOR 165
Part 5225 Primer or (15) P Tool) Fine 5 M Fesin 20
al.5 ower Tool M
EpoxyPrimer " * |RichPaint Paint
Steel Mill Fabrication Shop
Contact Surface Inorganic Zinc Rich fn-Orgm .
of Bolt Joint 150 Primer or (13) | IS0 Sa25 | TO%E | g5 .
N S5al35 . R Zine Rich
EpoxyPrimer .
_ Paint _
Extemal of Un- S[::rl — Zinc Rich Or zanic SIEE oxy
contact Surface | ISO gme | mosts game 1sho | POV | sk |Polyurethan 240
o S22 5 Primer or (15) Power Tool) Fine 60 1M Fesin 120 M . 60
of Bolt Joint - EpoxyPrimer N “ |RichPaint - Paint o
~ Steel Mill Site
Internal of Un- Inorganic Zinc Rich - Organic - Epoxy R
contact Surface ISO i (15 BOSt3 7 o< | L3h- Resic 30 165
f Bolt Joint Sals e or 7 | (Power Tool) e - 1M esn
@ - EpoxyPrimer " * |RichPaint Paint
To be d Steel Mill Fabrication Shop
o be pave P - -
Ino: ¢ Zinc Rich Or c
surface of steel | ISO reame mine | mosts s=me 50
deck §22.3 Primer or (I3 | power Toony | 20 | 30
o EpoxyPrimer " * |RichPaint
Steel Mill Site
External of Inor ic Zinc Rich Organic Epoxy
- ; 50 TEane Lt .| mosts e 15he | POV 1| 15ho |Polyurethan 240
Welded Joimnt 5225 Primer or (15) P Tool) Fine 60 M Resin 120 M - 60
al.5 ower Tool M M e
EpoxyPrimer B * |RichPaint Paint
Steel Mill Site
Ino: ic Zinc Rich Organic Epoxy
Internal of 150 Feame L .. | mosts sme | | psho | CPOR 165
Welded Joint Sa2.5 Primer or (15) (Power Toal) Fine 5 1M Resin 90
T EpoxyPrimer B * |RichPaint o Paint

*#1) If Organic Zinc RichPaint isused. it shouldbe proved the frictionfactor of contact surface is over 0.4
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Table 3-32c Spec. 11

Spec 1T (ISO-12944 C4-High, XXXX)

. Primer Surfice 1stLaver Ind Laver 3rd Laver 3rd Laver Total
Treatment Binder DFT psment | Binder | D50 | 2P| pige | DFT |Mterall gy | DFD (lmerall gy | DFT | DFT
umj umj LT um) umj LT
Siesl Ml Fabrication Shop
ExemalGenenl | o Inorganic ZneRich | | o509 Organic o PEREY L s | Fhorie on | o) Fmome | L. | 260
Part §275 Primer or Epoxy (15) (Power Tool) Fine 60 [L5h-1M Resin 140 i Undercoat 30 [h-104 ResinPaint | -0
al3 P, ower Tool) | po Pain Pamt 1M srcoal zin
Steel Ml Fabrication Shop
Intermal General 150 incr.ga.nic Zme Rich ~ 150 §t3 Organic . Epcx.}' 163
Part 5223 Primer or Epoxy | (15) (Power Todl) Fnc 5 [L5h1M  Resm a0
&<l Primer Owet 1000 | Rich Paint Paint
SeelMA Fabrication Shop
Contact Surface of 150 Inorganic Zinc Rich #In-Organic <
Bolt Joint 5215 Primer ot Epoxy | (15) | B50OSa23 | orOrzanice | 75 E
asd Primer Fine
- Seel Al Site
Exterral of Un- = - - - —
contact Suface of | 1SO Tnogac Ze Rih [ | 1o g3 Organic oo YL ishe | Fhoorie o by o] Fmorme | | 290
Bokt Joint 5213 P“m;‘ orEpory | (15 | (pociar Toal) ch?;m 60 |L3h-10 FR,:IT 120 "o | Undercoat | 20 219 RenPaine| 0
THTET
N , Seel Nl Site
:rruu‘; ‘5 "':L'l:-": 150 Inomganic Finc Rich 15053 Orgarnic Epoxy .
oo B‘ch ‘Tfr‘u‘ Bl Brimer o Epory | (19) | oo o e 75 [L5h-IM Resin | 90 e
- = Primer OTEL 9% | Rich Paint Paint
Seel Ml Fab Shoo
To be paved surface 150 Inorganic Finc Rich 5053 Orgarnic
of steel deck 5' 45 Primer or Epoxy (15) CP-'"-! _':ol" Zine 50
asl Primer owet 1000 | Rich Paint
SeeI Ml Sit=
tte: of Wel - Inotg - £ Y < . 5 N
External of Welded | ;o oganic Zne Rich | o5 | Organe o EEEY Ll sk | Fworie | . by o Fhorie | o | 240
Joint $235 Prmer or Epoxy (13) (Power Tod) Fine 60 |L3h-1M| Resin 120 1 | Underoat 30 [2h- 10 ResinPame | 0
all Pri ower Todl) | g poo Pamni M srcoal sin
Seel Ml Site
Inemal c_:’“'elded 150 imrga.rﬁc Zme Rich . 150 5t3 Orgamic . . Epcx_}' 165
Toint $225 Prmer ocEpoxy | (15) | poo-iro | Ze 5 |t5h-1M  Resmn | 90
= Primer OTEL 0% | Rich Paint Paint

*13If Organic Zinc Rich Paint & used, it should be proved the friction factor of contact surface & over 0.4

Table 3-32d Spec. IV (Refer to C5 of Japanese Standard Handbook of Corrosion

Protection 2014)

Srec IV (Paint Mamual forSteel Bridre (Japan Road Association2015)
i latlaveg
15 o | 30| Fruceiee - L | 2
1M o I | Undercoat | T -
240
P | o |0 | S
Usdercozt [~ [0 -
435
asy 75 | 4nam E 30
Inorgenic Zie Rich 375
2
s
15 o | Lo | Fweem | |2
1M - IM | Undercoat | =¥ =
s




Table 3-32e Spec. V' (Refer to revised 1SO 12944-5-2018 C-5 Very High)

SpecV (ISO 12944-5-2018 C-5 veryhigh

Susse Primer Surfac 1stLayer 2nd Layer 3rd Layer 4th Layer 5th Layer Tol
=11 R iR Ineral Inerval Ineral Ineral
Traatment Bindar DFT Traatment Bindar DFT R Bindar DFT e Bindar DFT R Bindar DFT R Bindar DFT DFT
{um) {um) {um) {um) {um) () | (um)
Sesl Mill Fabrication Shop
Externa] General InorEani Epoxy Resin
rellen 150 ol e TR L PORESRl | 15k |EposyResin| [ 15h- | Fmose | . | 20 | Fhosie
Pant P (15) | 1308325 Zinc 5| eweM | Pam | ()| Lo o 10022 | et | 30 10¢ |Resimpane| P
o Rich Daint l:)IiS( Cﬁtl 3 "aint 3 noarcoat - log 2z Hant
Sesl Mill Fabrication Shop
Inemal General . Inorzanic S 40
Pant S]f“‘ Primer 153 ,FE“,S_I_‘DF 120 |1.5h-10|Eposy Resin 240
= RS : Daint
Fabrication Shop
Contact Swrfcs of | 50 Inorzanic
Bok Jein 2 (15) | 1508225 | ZicRich
- Daint
Fatrication Shoo Stz
Inorzanic Moatis 11?"}:‘-
. mn s | o . Epexy | ... | 15h- "% | Fhuosie v b o Fhooeme || 435
(13) | 1503223 "’;ifr TR e e | | 1 | Undzeeat | 0 PR 1% Racinpai| 0
= (Mist Coaty °
StesIMill Sie
Orzanic
Inorsanic Bnc Rich = -
norganic Zin a5 50 %3 ZocRich | oo | o0 In Fluorine - 435
(BotHeadand | 22215 A N Daint - T |E - 10¢ | ResimBPaim [
Ny T @1=2
Seel Mill Fabrication Shop
Inemal of Un-
conct Suface of . . . MMedified
-YEBiksJ*ifx =0 Inorsanic Bnc Rich Inorzanic E:;x‘i‘
L . PrimerorEpony | (15) | 1308225 | ZecRien | 75 | sweM [ FUR | as
. rimer i sin Pzint
e n (it Coaty
Stea1 Ml Fabrication Shop Site
P, Osganic
Inoczaic Zinc Rich 15y | BO93 | zecRen
W21 (Power Tool Daint
@1~
Ste=1 il Fabrication Shop Site
Extemnalof Welded ormnic Tinc R Orzanic - - "
el o RIS 3o fmmme | | o e N e | S hasn | mwes | L) e || 25
Sa 15 T ETEREE M power Tool | Pamt ) TETESET L M | | Undereear | T[T 7 |ResinPaie| T
Drimer (x 1~ Daint Faszin Paint
Ste=1 il Fabrication Shop Site
Ultra thick
Inemal of Weldad - Incsmnic Fine Rich rzani E_:\a}\.}'Resxr_
Toint 50 | brimer or Bpony | (1) o[ EEEE s | |
%215 B} r_;.e Y| Power Tooly | Paimt -
T @1=2

J) oooe$ sgsdoqup:
eso:o?orgwé: o@o%qp:m:c@:e}é a:%éeooo wqjcﬁeuo:?o emcﬁcﬂs@o%é: [gso%oén
o) Mill Plate Blasting ac%wé?o ooqujé Gaooégcrswp_fg eeo:o?ogoaé
o:@o%@o%ooén obecu%o% @US@:GjI sﬁl: (cﬁ[:) qp:! cﬁ:qp:o% 005[;9{5
@(ﬁgp:@:wé:eq?oo& Epoxy e20058650: o%eu?og inorganic zinc

< < Ce (o] NS < < ° (o] < < <
O’]OC(_‘-{(:ZPZO\)& G:raomaeeo:q_) O.?CD@CZ OOQ)@II QDGC!D@OZOD& [gsooeooomﬁ

¢ ¢ ¢ C ¢ _C [N [N 00 ¢ [~ [o] .
QQOOD&EC  0GLIGINDY  CPOCEIODOPC  CORMDQ MO 0IMI corrosion
coc¢C [N [0 . 0o . c [e) c .
E:so.%coo@n 0Q COITOSION C§ &P blasting §p0: OLIOD disc sander, power
brush 03039_5 ogé:q_pz a?@ @cﬁgp:@:ooé c@oorg 0006 G308 ooo%ogo

GUDEO?OSQQ@QII
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) q_|c73§0[c:>5 @l@éﬁf%’é oSeqpooSggagaocf

Primary surface treatment : better than ISO Sa2.5

Secondary surface treatment : Blasting better than ISO Sa2.5

Power tool better than ISO St3

0)

)

Inorganic zinc o?oéﬁqp:oaé eeo:ooo:agogageoTogé ag@uecpé adeq|sqp:

col ool qlcrgsué: 005<jpzqeéu

sgqéooorgoorg eepooo:oaé (50% dilution) Epoxy resin o%eo?org aseoé[écc:
C < . (o] . C o <

[c}@cooo:oo& €poXy resin o mist coat 320305 a9:0001

Dry film Geo:ooo:sacgosﬁ 39090% o°>c7>$$:qp:[§'cf @oaooo:oop_gu qé:ooé 005{]@

< < Q NP cc . < < N < .

o>oeq:@q ﬁooooo:[gzl QQOc$:9Cg brushing cpoo00:20p sgo:R@o)oolo_ou mist

coat sgcgoo;’l) 03036015: saonaogé G(ﬂé:eooéqcﬂu

Painting interval e:%oaégo sgﬁ{qcﬁ 20°C 1 o%o%é:eo 75% 396@396«?390805

:Do&iaorgooo:ooé Geo:o?oga)é: sasf’|$m§a)or§q|05[§95a)éll mga{ﬁl océo?l_)é:eo

° < C < NN o g . o

o>3:;e@3:;c;<?qp:.?‘c° 32600IIOC rgcxgcﬂool painting  interval o

oéeoéqoﬁéqeéu Qﬁe@spogé h ooé c?’)(?ll d ooé G§q08§\(§ m oap_g oo}

BSaoSi

30) 630:3YP sraoof)qp: qp:cuoooésseﬂ cré[g)oooé @eepéor% @o%:@lqeéu

(J) eso: (Paint)

o) a"?:eé eao:sgefllzsgo)o:qp:e}cf: ésfﬁéggs?;:eﬂo:

™M) 05070:3200 ooéeaoocrscsq:ogé sgofgz@leéf Gao:qp:oop_g @U: YN §<§

°05@°qeéu 0%39530&5 Geooégcrgqlcﬁqp: @ch?éqeén e§epooo§e§spé
3200 0[99_5 c;ao:oo@c Gsraocrsan’?:sacg)g; sseoTaf?: s@cgos'aog @gcu%ooo%qooé:
m o?orgcx?f)ooé ogg_%ooé ogé:s@eﬁps@m: @ogqeéu
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Table 3-33 Paint to be used

No | Standard No Paint Name
1ISO 12944-5 or JIS K 5552: 2010 In-organic zinc rich primer
1ISO 12944-5 or JIS K 5551: 2008 Epoxy primer
1SO 12944-5 Organic zinc rich paint
1SO 12944-5 Epoxy resin paint
1SO 12944-5 Epoxy resin paint (Mist Coat)
1SO 12944-5 Polyurethane
1ISO 12944-5 In-organic zinc rich paint
ISO 12944-5 Fluorine Undercoat*?

ISO 12944-5 Fluorine Resin Paint*?)

1SO 12944-5 Modified Epoxy Resin Paint

I1ISO 12944-5 Modified Epoxy Resin Paint (Mist Coat)
1SO 12944-5 Ultra- thick Epoxy Resin Paint

Standard No. is in accordance with XXX.
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Table 3-34 Quality Certificate of Paint

Paint Name Company Name

Product Name Paint Component

Lot Number

Amount of Delivery

Standard and Test Result

Test Items Paint Standard Test Result
Grain
Workability
Drying Time
Remarks Specific gravity in case of
showing in I:
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Steel materials saocx?ogé OPBT @méqeéu o%c;oys @@509 (sgécﬂégwo)
) gcf@tsdcr%@cf product blasting §é:o§ cg:edos ma?:@tt‘%éooéu

Blasting @8 @L@é@:wées?ocﬁ corrosion @cﬁem:%ég 3990(390 ISO Sa21/2 §cf
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RIS Ll
0) q|05§0[§5 @ézooézﬁooé JIS B 0601 c}cf czlavat{en) 6qj’$o’>gg$:qp:9 10 points
average roughness display §é:m§:o€> zae[ééooo:oaé 80u Rz @300
$5:q0p01I
c) Blast treatment surface o% oa%aé:@[?;u agqésaeog: oS%oS%éooé eéooé:
C° Cc O Q° [0
FPEPOR|OPRO:Q mog@@c. oqeoq!.
o) Blasting §é:co§:oaé dry method @ogqeéu
s0) Blasting QBS[§)86§O(TSI €poxy primer o%eo?ors inorganic zinc oqoéﬁ qpooé
em&iéeao:&?’ oqorgqeéu Blasting C\?S@: S @%@O:G‘jl esgocf)éeeo:a?ogqeéu
@) GS’BOUSéGQO:Q?USL‘S:G'?’)OSI Geo:ooo:c;@oa‘ieoggooo member eﬂo::orc?>
e&e@oé:@é: cx?éqeéu
¢ ¢ < < < o¢C O¢ N < <
Q) ©30:000C§: ©§C$QP00 cefeblczleevie ol HeSHENE ealealHo%Tv es)

. < < < ¢ O < C < O
(controlling sheets) qp: @moq@@u DOEE0:020D0 OY KOO0 DIYOQ: (7301
C N <
o:o:eao:saoo@@m@@n
eu: Q9 ogé original steel plate blasting .}cf product blasting 03
oc¢ < < <
ic:o?ae@o[;)ooo:oo@u
Table 3-35 Comparison of Blasting
Items Original plate blasting product blasting
- Highly efficient due to Not efficient due to manual
efficiency ’ ; . :
automatic blasting machine machine
Safet Good in safety and health Special consideration is
y because of mechanization needed in safety and health.
The work is done inside mill This is done inside fabrication
. . factory and counter measure
Pollution maker. Pollution problems . .
for particles and noise must be
are less. -
facilitated.
Primer paint affects to gas
Relation with welding and cutting cutting, welding and strain No
removable.
Flaw and other extra
Others No ordinaries during processing
can be found
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o) Secondary surface treatment e%oaé@o @[E)EOQOSC\?S[@H ooéeoé[@:oaé:
e§005| steel q|c75§o[§<°:330: blasting o%eo?org power tool [c:9c°: eeo:ﬁogsﬁ
sofecySemnd [BBEBS: BlooSBeS: B80sSi

®) Product blasting 038 full surface blasting c}cf partial surface blasting o%
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Table 3-36 Classification of Surface Treatment and Finishing State

Category Grade of derusting Surface roughness

product blasting treatment ISO Sa2 1/2
70uRz or less

power Tool treatment ISO St3

(Note) 1. Derusting grade comply with ISO

2. Surface roughness comply with JIS B 0601 10-point average roughness display method.

Table 3-37 Classification of Applied Treatment and Application Status

Treatment Classification Applied State

] Full surface Blasting after block
Full Surface Blasting

assembly
Surface treatment prior to ) ) Partial blasting for corroded part after
o Partial Surface Blasting
new painting block assembly
Power tool treatment to corroded part
Power Tool

after block assembly.

) ) Damaged part reaching to steel plate
. Partial Blasting )
Surface treatment prior to expand to wide area

repair painting Power Tool Damaged part reaching to steel plate

expand to narrow area
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Table 3-38 Paint Free Part

Sort Intended Part

Paint free part Finished surface such as bearing, pins, roller etc.

Faying surface of bolt connection of general bridge

Long term exposed epoxy primer or Contact surface of concrete and steel plate

inorganic zinc rich primer is allowed
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Table 3-39 Check Sheet for Execution Condition

ST 01
Trade Name ofPaint Made on Year/Month/Day
Paint Sort |
(Viscosty shall be measured by Iwata cup or Rion Viscosity Guage)
main medum
Pait component main pigment
main solvent mchided amount (Wt%)
Color phase |
Standard film wet gm Dry um
thickness( ;1 m)/time ’
Theo.retical adhered used spray (g/m2) .
qualitv(g/m2)
Specific gravity Rare paint Volatilised part Wt%
Non volatilised part Wt% Mixing ratio
Viscosity of original
liquid (20°C)
Film Thlclm?:.ss limit Flow Crack
at wet condiion
*No need to describe
0°C 5C 10°C 20°C 30°C
Finger touch
Drying time half hardening
Perfect hardening
Paint Interval ma
max
Pot life
Dilution Rate(Wt%) A Spray
Brush
Maturity time
Viscosity Appropriate: Limit:
Spray film Distance to surface mm |Nozzle tip number
condtion Pamt mstrument Mesh size of percolation
Pamt condition Primary pressure Secondary pressure (Paint
. Relative humidity |% RH Temperature O
Environmental
Condition Surface tem.perature fo Min, Max Wind Speed m/sec
be painted
Safety Flashing Point
i )
Risk Rate
Explosion Limit Lower lmit: % (Volime) Upper limit: % (Volime)
Parking Mode
Dangerous, Poisonous and
harmful substance display
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5)) Paint Interval
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Table 3-40 Prohibited Condition of Temperature, humidity

Kinds of paint

Air temperature (°C)

Relative humidity (%

)

Inorganic Zinc Rich Paint lower than 5 lower than 50
Epoxy (Resin) Zinc Rich Paint lower than 5 higher than 85
Epoxy Resin Paint for lower coat lower than 5 higher than 85
Polyurethane Resin Paint for Top Coat lower than 0 higher than 85
Inorganic Zinc Rich Primer lower than 0 higher than 50
Epoxy resin primer lower than 5 higher than 85
Organic Zinc Rich Paint for Upper surface of (lower than 5 higher than 85
Steel Deck

Modified Epoxy Resin Paint for interior part [lower than 5 higher than 85
Ultra-thick Epoxy Resin Paint lower than 5 higher than 85
Organic zinc rich paint lower than 5 higher than 85
Epoxy Resin Paint for middle coat lower than 5 higher than 85
Fluorine Resin Paint for top coat lower than 5 higher than 85
Modified Epoxy Resin paint for lower coat of |lower than 5 higher than 85
exterior surface

Epoxy Resin Primer lower than 5 higher than 85
Fluorine under coat lower than 5 higher than 85
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Table 3-41 Restricted State of Objects to be Painted
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Table 3-42 Measurement Record Sheet for Film Thickness
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Table 3-44 QC Items

Working environmental condition

State of paint to be used

State of surface to be painted and out view of paint film

Painting Interval
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Film Thickness
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2.8.0 es0:000:[g)[0[8E: (Repair Painting)
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qps oé@o:[éo:qo:@ooéu bolts mé:qé@é:a@éq; @Gq:@:oaé :Iaadorc) aeol ss@ésfao
Q0 < < T ° . < < Q < N
ooﬂs?o:mgom:@czsseo srae@acjl Joint 02093030  CPIOCID  FEPOIER:QP:
[o] < < N C Q < < < O Q c_C Q
QOO0  FPGOYICIIOPOCWICE):  FOIPOP OO0 au?oosjl QIPOPOPEE PO bolt
< NS ¢c ¢ 0 O < < N
ooc:cqlo[éc:c\?occ?:o? splepllaleerlelyleslIToR]]
Friction grip connection ogé members qp:320: high strength bolts qp:or% of?:sj| high axial
force [<:9c°: ooé:oqlégo aotr%oo:[(i):l member &\ material 3980539(‘}5:%:@0: 08903°e§eow
qo550(0Cog¢ [gdeolaoneon friction force [¢& ‘@0:’ o3 ade(gnd:eoionpdi Be(0g
< < N . (o] < < . .t < < C o N
onc:mocusep) axial force 006oR 6§60 q|m§o[§0 & slip coefficient §C 02C: Q0960
material 3980539(%5:%:39@0353 contact density o%cf’f eoaq_pqﬁeoeﬁ c\?f)eaooé q@én
Bearing connection orgc°: joint 093 @pé:ooo:oaé members qp:sﬁ :;.;eo'l(f)qp: (holes) §§
bolts & oééﬁ:qp: [:(m:ogél bolt q_p:eﬁ shear é%éqém:@mo%eocf @éeoToaé bearing @95
Force 0% %:e@oézméu Joint 3.;?35:035 ey, e@ogeoTec»coé OR@(f:o?qeooo
(hammering) agqj’[:sgm: high strength bolt o%o?:o]ool bolt ooc°::oq|5[§<°:: ecx?éaccz
sraeo'logecﬂogﬁ ogcq@»é:?é 2eolad @5@(5[@5: ﬁe%’loﬁ C\?Scc%:eo)ooéaé oo%eao:qeén

Joint & gézeaooéqé §§emo§:g$eoq$ sx%oaé :39@&?0? axial force @5 Bolt oqﬁ@é:

s o

C\?(Seaooé@oaéu on%sge@egesfeﬁl:ogé Friction Grip Connection g: ooéooésﬁ
C N < N < OC Q= < ¢c ¢ O C'] <

GR0OC GNP CPOCH:ODGPIF0NC: DOGIOICHME$ QY3000

high strength bolt tensile connection oop_S Joint cﬂo&?o@éogé contact stress @o%eoﬂgéz

m:@cf Bolt oés‘ﬁ:ogé Force osl’) %:e@oézso:ooé Qo’)[;so%ooéu Qﬁ connection

BG|:3200:03 23000938l Bolt o3 axial force @5 &S co:e coogpcoas Joint S
ql S0P ROR R 2 00| ] e 3
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ogeogpﬁ,coy) eu(rg.?o@)éeﬁ eq@ééﬁ (flatness) cﬁeoqé;l cqlf)ooo:@:e§0<ﬁ contact
. [o] ¢ O C < (o] < . . c ¢ <

density co0qp§|e§6$ Q320001 oc@s:;[g)c tensile connection ogcocey|ci shear force aao:

friction force @oé Qéeﬁ ooéa']ooogél ocﬁsaﬁmogo']oaéu oc%sge@@6§ef’|l:ogé friction grip
< ﬁ < < C oC Qo CN . <

FP0MEN ICONCII0POCEICE:NCEP 069439 (Execution management) §¢ 32000:0p

Qo ON (*] C < (o] < < < < < . (o] < <

069439 0300 Bolt o) 03100000 §pd:coeigpiopc axial force op 03100020

q,é:mé:qp:sgcoT ﬁmé@: torque control method, angle control method §é: torque

gradient method 03§oopSi o30S 8:(g0:5p5:c08:qpie0l ©oopSq) 3B:(g0: bolts gy
oqiaspd MBooogp: Bayi(g|gS:ql: §oplaaoges o} bolts saqj:aenigp:i 300:(geopd
Bloogpiel coogamqdqpial [0p8[gpdde Sfgprcopdesead codg) bolt aydeopd
cpSchigs qpiaReay: BB§:a36:q030} es0atgodqendi

B6E Bolt oySesoSmogSiad oyS[B:00pSesn0si Joint & gS:ce008apSsd 00505
[Gooo8 008008ep 6[3SecTeoqs Bolt oqSBS: 6[Gj0p8s¢ Joint &f Member qp:aa(o3o:
inconsistency afo308 assembly accuracy ssedT 005eepoSel 0050008 0gaS: | @ (o3
grLg®EI  Bdeolriegeqpy  e0p3oiay  edesoifSi cogeaypadpd  [9gqqp:
[Glogdaepdn

9.6. ) Bolt, Nut 4§ Washer gp:

<

(o) High strength bolt jointogé sgof?:[;)[epé Bolts gp:1 Nutqp: §<§ Washer qp:00p> member
< < < < c O O < < C < < < < Q@ O < <
Q[P2 SOOD0DY $PO:CVB:Q: 1 GCIORNY OI0PI (YO §PI:COVGPI&EE TP QIO
mechanical §cf @Eoo:qcﬁoocéq_p:l sgqésraeog:o%(ﬁ) e@méeoq@éu
(J) High strength bolt joint agogorg of?:oaéf Bolts gp:1 Nut gp: §1cf Washer qp:sgogqg
< oc < < (o] < [o X < <
6320050] 3203 () [(}goc?:qlooqp:o? e[c}c\)eo’loo 3203 (0) 30t e@ma:o@ 0
< oc¢ <
ealont-YeloRteb]l

(Q) Friction grip connection

o) Tor-shear ¢c3g) friction grip connection 3030503:6000 nuts gp:i bolts qpi&é

washers qp:ooé JISB 1186 035 [c:)go%;:ooo:oaé:sao%é: ewo?oﬂsao:@é: M20, M22

and M24 of Type 1(F8T) and Type 2 (F10T) nominal size qp: [6qepSu
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Qﬁsae@s@@q_p:aaogng torque coefficient ooo%o"goaé @00 §-0 33035: [c}ocxleéu

Table 5-1 Torque Coefficient as a set

Mean of torque coefficient of one manufacturing lot at
shipment

0.110 to 0.160

Coefficient of variation of torque coefficient on one
manufacturing lot at shipment

5% or less

) - . For a temperature change of 20°C, up to
Temperature induced variation of torque coefficient of

. . 5% of mean of torque coefficient at
one manufacturing lot at shipment

shipment

J) Friction grip connection eraog(f)o?:oaé Torcher type bolt qp:1 Nut qp:1 Washer
qp:ooé Japan Road Association & ‘set of Torshear _ Type High Strength bolt,
Hexagonal Nut and Plain Washer’ (S10T) §§ cﬁ)cﬁéqeén

Q) Friction grip connection sraogchl High strenth bolt B 1186, Hexagonal nuts §§
washer gp:03 Yield method (¢¢ 03800pS1 ogdoopdaesl JIS B1186 opé
[0gn§:000:0005 M20, M22 and M24 of Type 2 (F10T) nominal size [s6qep5(ss(8:1

coc.¢ < < (o] CC -0C < < N oc N
C§200C:Q @ooa@ oqll:aram[éc: S&CEPO CONICIGONCE GOI&C OO
¢) Bearing connection Bolt, Hexagon

Bearing connection sraog(f)oézeé bolts, nuts §\cf washers qp:o:)é ‘Provisional
Standards for Set of High-Strength Drive Bolt, Hexagon Nut and Plain Washer for

Bearing Connection (Japan Road Association)’ §c§ c?go@éq@éu

5)) Tension connection

<

Tension connection sraogorg sgof?:@[epé bolts qp:ogé 39(35 ®) & o) eple

(o]

G@%[g)ooo:ooé F10T o%eu?og J) ogé e@%[g)ooo:wé S10T o%eo?og qé:o%.q

N

ssowzoraooé steel rod osl’) sgofgz@lqep_gu nusts §c°°: washers qp:ssogcf)(ﬁ F10T :39030’3
nuts and washer ssoacx%cﬁo% Gwoquﬂm:@cf of?:qeéu
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oCc _O¢C

9 6 -2 High Strength Bolt gp: saqésacog:ooqyzwe:cq:‘}é a%ccx?oécel:

(o) Bolts, nuts, washers qp: c»oosn? c0: ch?oooo@ afﬁé qé:o%o;ﬁ ch%oaog &

ool »°

<

sgqésgc;og:eﬂo: 390306 wé\:oaogfqpu @@eao:ﬁqp: @)ch?éqe@n Specification qp:.?cf
o _C 9 C < N (o] C o cOo < oc¢c < N
(Qm@e@oc: @@c;aozsaoo@@)mqp:crf OMYOOICYR)  IP]|$3 c;aoocgm@:
N < C (o] O ° < N < < <
F26PO36IP4C QEPQGP:OY 3320520 bolt set qp:@oae[:cmc: ©0C80:660p0I

< cc N < < <

() o>or3€b¢]9 oo&%cx%oﬁooé wqéaaeog:aao%é: cx?écq?:gcg QQOC§:60ICHMIPIID

o]

NS < ¢ o¢ <

$ CI)’J %861<§G’DCQCD bolt sets qp Gﬁ G?O(L) &fl Q?OC§ gCé O%GC\?’.)CODG:&)@:S{
(TOEO% GODGODQ_]OQ_IO G&)OC&CDQ@@II

00¢ <

(0) High Strength Bolt qp: ooe clcleteple oaoocfo')ooo ooa specification §c o?m@qe@u
c\?oc§: sgemocsraooge@ooo@ssqﬁg Bolt gp:1 Nut qp:1 Washer qp:csﬁ mechanical
Qca%oa%%qp:l Qoa%oo$§c§ srag(ﬁqp:l torque coefficient valuei tightening axial force value
qp: owéo%oaé oorgq"_]@oo&?)oaé @qj$msgd(§c°::| ooorS?orSooo:oaé specifications qp:.?cf
ng@é ﬁeﬂ ©0650: q@gu o?e[(:)ccz C\?(SC:? ecpo%golmooaé bolts qp:oaé
sraqesseog: agoeéqlmﬂoaé ogé:qp: [;9039000 : (Ig:og)cﬂ inspection report ogé

-80

On

@ogeoo:@: agooé@meéu
. C o} C < < C < C
(J) Bolts qp:sﬁmechamcal (a]e slovles ol eoo?o']ocogpﬁ:enozl QODCPOGE):  §PO:C0L:Q:
c o C C C c_ ¢ e . (¢} C < C C
o:oogo?,@c° F200:96:6300CEV&¢  specifications gp: cg@ooo@sgo'] ©6:2009q:!
C C o C < < cC O ¢ o ¢ 0 . O < <
o:oaeao:ggqp:@co QPEODMO0DY FEPOFICIY&C o?oog[éc: S1981 mm@[g)megn Bolts sets

qp:crc?’ 005539 oceﬁc?:eo:wésraor%& (39@@:96@@0:0700) o%ecxpéogé:eop_g:qeé@og 8:
%:qu §5:oo§ o:ooé sgo%eoogeno:§5 oSeogﬁ e§e®q$ ooog@l a%ecx;oéqep_gu on%@é oorgqj?

0r88o0p3 3q1§3 foopd apSaecgiqp: 3203¢: cpSed:giapd apbed: meamdamanpies’
ca0ngodoopS  ad  03§:036:000:88qep0n  Bolt  set  gpiaopd  0088:0
gSe6n050305a005e8005 8:aq) aSo0Seapd §ercSypiad BeogES: adeqo0sBE:
005 egapape ¢iqpi odp: oadgl: @0fEa0gal (B8irdigelrd¢ oodn egapd

<

B80S0 §BS: ompSclem mapdmeny:  woSeagpoopd  aeom§oondmagod
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B3E 00540 nE8ES §aopd apSmengiad coSes: memnimmopSesSoopd BE§cS
$

08$:ooo:q$| GDCD('YSO 3’36”(736{]02(’73 Q00O00:§)$! ®(TS<]?U)§§S€I$ ? C\?(SC$:
- N

9.6.¢ Connection g0540(0¢ megqpooos [9ésolq (Connection Surface Treatment)

(o) Friction grip connection @5 aocﬁooo:ooé material 3980539(035:qpxeﬁ
O < < < O < C < < < < N
ooeogp@oa@qlmry)@cqp:o? Q0CEOQPEI§:4C [‘:’[@Cﬁf (treatment) @[Q?oqegu
(] (*] < : P o00¢C <
Q9200 QYI0ea slip coefficient gp:eg&cepoi

() Gsaoogogéecy'%@oooseooo [;)L[;)éﬁqu [;)I_C\BCQ)GOZO’]OOI slip coefficient 0.4 §<§ 390005(73

q§jeospdu? opsogEoops

5) Beogesoond qoSsol3écd eavreopoSarpiamsli oBqpSecdSe mill scale gpicd
oooqpifS: qodgelgS (m8:ean [gopdqepdn g dRqrodselocap cogqSieq:
26203 (0|o90(8:1 0deqj:qp:1 SBgp1 4P} coSqpiqepd

J) 08603640008 q350[5E0} es0rap0depSaclnt sux: g § ewdlgeonionpiacic:
inorganic zinc cloCgg:00p5 650:03 303:(0|qepSH

?) Becgegarpd qssolgéal [GcSagr @qed ©) §¢ J) 08 ov03¢a3000:00p3
q;é:mé:eugorgeoao sra[éo: treatment §é:ooc§se§o$ o§:01m| slip coefficient 0.4 §§

3900(651%’1%561:% GODGHO ooéogé: oézoo:qeéu

Table 5-2 Condition in Application of High Build Type Inorganic Zinc-Rich Paint

Item Condition

< coC OC - O < N C
Contact surface &\ 0OOVMOY 3§Y:OR 30pum §¢320005

G@O(YSGO&@: G30:200: SQCpL

Contact surface éﬁq@é e@ocﬁcs&@: 6030008 300 90-200pm

0?0?80183
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G@O(‘YSGQ&LS: Gao:cgoé Zinc oqoéﬁ 80% §.<§ 30005

Zinc aragﬁ 398_0539073: (araaué:) (sggﬁ 90 % =) 10pm §cf: 3OS

cné:gjsagog)

o L. . .« . < . s OC < [0} C < (o] N <
() Friction grip joint 0008 & slip S§COPOTIMPRPMEPORC| COGOR,6§0 q|oo§o[§csﬁ
slip  coefficient 093 a%eﬁ:o]?aoej og(ﬁqlcﬁwéu oféc;@ocf g%éxcx?f)qﬁogc
N < . P O C ¢ ¢ < < oc <
OR300 A0 slip coefficient 320)C: Selelel-H-Teleple QSCeo8$!
O < < c O < C < < < <
oB603.6400p2q)7>50(gE 0} 20geaqpaspd [g[0Sg [Bleedaeps
) on%sg[g)é bearing connection ogé joint &\ gé:eeooéﬁ Gmézeoq$3903(73 bolt qp:rr%
axial force Go:ej mé:cr{lf}ﬁ?cf:saoal force rra:e@o&%n friction force Qé@cf
@50}09@“0? Qaeoqooésaaﬂogéeoo%mé:em&l tensile connection ogé oSGog°e§em
q_|<73§0@5§ friction force 32o: shear force @5 cre:e@oé:oaé 39@10386&)5(\)@%60008“
friction grip connection ogé @lcx?éa)é [;)L[;)éﬁ.}cf FPCO2OY @L@éﬁqéeo:qeéu

(5) Mill scale o% ocﬁﬁpzsj q_lorgr?o@é @5:@3@08 c\?f)@é:@cf: joint qp:ogé c\"?emocﬁeoao slip

coefficient 0.4 §§@w(ﬁq§eo$§wéq oaeo:s‘ﬂ:oql oSooo:@oaéu

le]

Qopogd 209893 oSepdgacgd: Boolearn (g[dSgad cpSeaondaagiéecnde

N < < NS . < < (o] (o]
OC§3§CG®O’°)C: @(’D@CZ (COI’IHCCUOH) GC\?OGQJCZI 39&801 GQG§39(I)O:O?

o O

c..Q¢ < Sx(Q < N < < g ° SRS Q S S
OO§:OD®:OOO:61§ 8008[9“ 8000008 Q{I()O?’)@)COQC OOGQJ:O‘)OO@C:I aoeo@c:§q

¢§o0c3ge:qp:  slodrecm  [gdor0do0pdn foycdeors melgmegdiopd  GE:0303
008qpiq§30905 connection 60Se8ops goSsol6E03 adecrnoSeons gqlien:
[Glogdeoa:qepdn

Beo0dc0p5: bridge 3goSa0: [08:60:00000p58Gag| c0Ss00566pS a5(0n:gp: (splice
plates) & mecoiq§ 0groooofgdi  opOcgigly  ddeqropiiad  sodgpiqg
5083c0lopSi Bef3pd me00Segqpops ar0Scontarpd esorarpd adeqionoSBiiad
§oSen:(3&: (corrosion) aai $8EqpS caqenS:00looaSi Bep3d sooSav0Sesep0s
65010005 qpogS 9Beq:0205(8E:4¢ corrosionad ax03a5§E0p3 [glaSqd: cpbesorias
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NP

< C N < . . e < N N ° <
opRogC: ope:gepoll Slip coefficient 0.4 3200056§)$320300 29:00p0 690 QOD(FC:
Specification ¢oi GQO:O?OS@S:O% :39(%5 q), =) ) e m%oao%qlcﬁqp: <§c°:39@°
Geooég(rgo']ool Slip coefficient 0.4 §cf @mcﬁq%éoaé u&ej@éwéu ofée@oé materials
0 N N ¢ ¢ . . o . .. c I
QP2 00G0R 6§20 q|oo§o[<:)cogc high build 33q]|:3200:1 inorganic zinc o%cgiqp::n@

G302 3?(?3@82?(3 OCTQ)&)('YSQ ('D%ODCTQ)QJ(TSE{IOG% ODOS?OSCDOZODEQII CX%G%QDETQJ(TS?O[(:)S

©n

o a?q_lézo%o% eogéeooo (high build type inorganic zinc oqoéﬁqp:oaé) G903

ooogq‘j[:qlf::o% 390?:@{[&55: o%eo?org @@o:sm:eﬂo:cﬁ o@oors 330?:@[@5:4{): e@lcx?éqcﬂn
qjcr3§o[§)§ [c}[[c:)éﬁ{ [c}pﬁ[@:oaée@cﬁ high build sae{’llzsam: inorganic zinc

<

o8 geproop 6s0:qp:3 qoSgol3SadTog 303§oS ot fGlqepsr

High build sa¢jj:3200: inorganic zinc cloCegp:aops s0:03 friction grip connection
30905000 29:(8:1 32(80:308E:qpo: 390905 3a(g0: 630142103 303:(g0loo boundary zone §
treatment GjegS00o:00p303 swogroqlBiaepSEaG eeoroodirad oobs Srof
2050qpody ogScoqs [Bioode) ofrosioomquadi YBE seorovmimacgod copS:
6226003PqP 0B§:q)Sqepds

39(%5 () @ 2) r?c? J) 095 oaorgcfogooo:oaé: 390%5: eo?orgooé: 39@)0: oéeqlzmog[§§:§cf

030500:g  0o0guS[eliqpiod  Beogesoopd  qodsolod  (contact surface) ogé
30):(Q00p3®s] eaoioon:el q|:enis¢ 0n03e0l woopSq)l slip coefficient 0.4
§6m005 qfad o[§5§EopSdrcops: 8 caoramroqyGFgelEnd bolt qrel axia
force qp: caqpoyeofSarpst §eliEos 239 §58gdhio} (cpSesontas §ndBE:§og

%0l30¢) 32008 oe@@t oé:oo:@:@oao C\?Seaooéqeéu

o%sa[g)é hot dip galvanized odox:el mo%o%ogo:o%esoosra@ogl Zinc 0?05035::33@?
(galvanizing) treatment [g)[cqf)ooo:ooé: sgaoos)qlngf?o@&ﬁ blast treatment
[g)lcqéqeén Base material GoTﬁooéQ slip coefficient 0.4 §<§ coloelep q%é/ eq%é
sgo?:oogeso:co:qeén Bibliography 10 osl’) %‘%dﬁeﬁ a@@@[o']ooéu
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9.6.9 Bolt o8[s¢: (Bolt Tightening)

C cC 00¢C C . oc o < C C <
(o) Bolts gp: 09|OSPARCI FEC:OPO00D: GO bolt axial force 303C: €§e0§)$ CYOGIOICH LRI

() oooSet%&p material qp:ag[@o: contact density qﬁ[g):l stress za@ésao q%:c;@oé‘:ﬁo%

cec. O

@fmmeé §é:m§:[§cf bolts oq|ofgc:p @l&?&q@éu
®) 6330(730888(9%@)00026030 oaorgeforgqlorg 0)e9) (f’f @o?:@)poéeraafh 33(?):5 (®) §é: Q) opl)
< < o¢ <
e@mgoogo? SviselYelovTon]l
2) Bolt ooé:cqﬁ@é:
o) Bolt axial force oooéeo:@é:or% Goaoquq_lsao:@f; Nut (73 o;é@é:@cf;
< cOoC < (*] < C C NS N
QQOGR0OC&CIOPII CRI]0F|D326) bolt ea?c:@e@ 0;@@0:390: @[o?ocﬂm torque
coefficient G[;)oézcﬁﬁcr% oo%eao:qeéu
®) Torque control §p_3:co§:@<§ bolt ('qléoaésgem bolt ooo%@qlézo%crcg’ qéoap_s
axial force qp: O’l{éeweﬁl torque @5 08$:@°qep_3u
o) Torque shear saqj’Lzsaoo: High Strength Bolt qp:n% Gaof?:@lo%ol qé:o%rr%
C o < < < o¢ C < < 00 .
C§OMI:FPOC  0OVNI?F$RC  bolt 0q)00p) F0n:  d§o  (special
tightener) 0% srao.}:[;)lqeén
20) Angle control §é:m§:@c§ bolt oqjéooésrasﬂ torque wrench §<§ (o%) assembly
< [ < < < [o] < O
spanner [goc; m:cr?q?ogzg 0qloqepoi Contact surface 0p¢ 3305 ©§)607920p33200
< < < < < (o] < < < <
0RJO8)ORO 1 CYPRE|EPICOOIE 36§00 QM) GINMOPC e@o@ooo:oqoop_ou
a%eoys angle control q?p_gzmé: 091’) F8T §<§ B8T o%éooo s@o.}:@@éa:én
< Bolt :aracq_p:oogc sraqlf::csﬁ RS 005 §p_3:cgjc°:| 1/3 turn (120 degree) +30
degree

(o] ¢ ¢

% Bolt sscq_p:ooé sraqjézsﬁ RS oooqu:cgJél C\?péqeé eoooéorf C\?ocq?:gé
39@@39&;?:390935: 39[5_3,[0530389 [;)LC\?(SQ ac}:@orgqeéu

c) Torque gradient control §é:co§: o% 390.?@@ bolt qé@é:(ﬁ) 0.35990056100

6.3.2(3)3), Part 2, Steel Bridge, JHBS 03038 e65(0000:0003 high strength bolt

qp:or% @o?:@)lqeé@og@:l e@ocﬁe@:o:né[g&(f) special tightener orc?> aso?@lej
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QPSGSOOSQ@&QII

< [e] < <

©) High strength bolt &) orﬁcf éjmspa@ F2q||:3202:330: 09)0§Pg! nut oaé bolt &)

le]

< C Qc < < (o] (o] co _¢ C (@ < (o] <
OMREOIPYC: GEPADOPI30OI bolt o) oa§gsﬂmogc:[9ze§oml nut oy C\Pgﬁl
nut @5 boltcr% oé:ooo:eéu
[\ge]

J) ocﬁogé:q_pzl cr%?lwoq_p::«rao: 03()’3(‘7)6?_]$@°[§8:I Calibration Q?(S@é:

o] (o]

< ¢ O C 00 (o] < C < oc¢ Qoc
Bolt 03100000 056000gp221 09C:07966): (D§0XGR:0) OGEAYPV asqls?sg(gc:ag@oz
C o« O COC O < C(Q c O (o] [P (o] < < <
@g blsalealtYeS T [c:w[g:l qc:orgsﬁ 0o0q)¢ (precision) 0p0OPS: ©©E80: eI
Q) Tightening bolt axial force
o) Friction grip connection, bearing connection .}cf tensile connection qp:ogé
° (o] < < < < N :
sgo?:@eooo bolt qp:) odC:|OepPoRCI @Oz §— ogcem@ooo:eooo design
bolt axial force qp:cr% qﬁe@epj §é:m§:@c§ Gaooégogqeéu

Table 5-3 Design Bolt Axial Force (KN)

Set Nominal designation of thread Design bolt axial force
F8T M20 133
B8T M22 165
M24 192
F10T M20 165
S10T M22 205
B10T M24 238

®) Torque control §é:m§:oﬁ3:§ bolt ooé:a{léooo:ooé 39@@:39%({“:035 bolt &
axial force oaé ewo?oqjago:@cf: design bolt axial force 005 10% @@:q@éu

0) oaoa%“;sraﬁ{qj’:% (10°C-30C) él torque shear egéﬁlzaraoozl high strength bolt qp:sﬁ
tightening bolt axial force §.é: OOfSODOfQJQI o?orgcx?éﬁego?orgmogo?orgg

e o < o < o S S co. < < ’] o _~ £
03]0$:6§):8|00002: 20D §6§2 (5) ® @ QO:g|02§E:0R0 EINMOI @LYD: §—C 9

C < [e Xy N < <
GOO[(:)@O:OD& 3’3(80333@02390808 OCGI@&II
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Table 5-4 Average Value of Tightening Bolt Axial Force at Normal Temp. (10-30°C)

Set Nominal designation of | Average value of tightening bolt axial force of the set of one
thread production lot (KN)

S10T M20 172~202
M22 212~249
M24 247~290

20) Torque gradient control §é:m§:@c§ bolt or°3 oq_léwé:sga]l tightening bolt axial

force Oi)é (IEOSC\?&?SQQ?USU)OSO?OS? mno$:eg:q|ugooozooé @cﬁo 3 OBG]S

ﬁéxwoo%(%:oaé GWJOSO] @000: 3_3 é GO’S@)@O:O&@? 39(088239@02390882

C <
ocqell
Table 5-5 Average Value of Tightening Bolt Axial Force by Torque Gradient Control Method
Set Nominal  designation  of | Average value of tightening bolt axial force
thread of the set of one production lot (KN)
F10T M20 0.196cy ~ 0.221 oy
M22 02420y ~ 0.273 oy
M24 0.282cy ~ 03180y

oy: Proof stress of bolt test piece (N/mmz) (base on JIS test Piece No.4)
¢) Bolt cr_ﬂﬁooé Gﬁl&?’)(ﬁ :398390&

Bolts q_p:o% ooé:oqﬁmp@ splice plate @ 39(\3050093035 goleoy) bolt e ooo&qlé[@:

53:38:098§e000 bolt qpiof ogrqepS 3030038 oydfgeiafeopS: o§od
8es008qeps (¢ 9-0) 1

oQ[ge bolts, nuts géwashers qp:03 3¢053000:(gpSc0nqepS [g8(3:1 ofgo
ongB: on&ioySBS: BleodB:diopst co&:aySe eemrSBEBS:ad dragged rotation
BSBS: 0308 corn:goaddfEensEsasS
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Figure 5-1 Tightening Order

5) Joint 035 ogeogpaé qlc)rS?o[(:)éé Gap GOT[§§:

< <

Member §é: splice plate 1 o%eo?orc)o']m saqjéijézo@eomoa@ material qp:o%

C < [o] < < < <
contact surface 080 O8] G§[§C:Gﬂ_€®qf§l O)CZO?_IOCDO:QQEII

o) Bolt ooé:(qIf)@é:

Friction grip joint ogé bolt oql(c)ooé §é:m§:qo:c§ eoao?qm:@cf: torque control

method, angle control method §<§ torque gradient control method uasj §[§o:ooo:o']oaén

axial force o% oggquléoaé §ézaraeoT ﬁooécj %)@o:ooo:[ééz @ogooéu

Torque control method ogé torque coefficient oo$(%:90| nut or°3 c\Pésjl tightening C\?(S

oaef sge[a_ajcraeg?ogé 030590’3000:[_@?5:[(390303@330@(& G(Do?cqlerao:@cf bolt cql(c)[éézc‘r% nut
(o] NS N < < N Y Q < (*] < < < c. 0O

o C\?@@C:W):@Q QQOGIOOCEEROI CVOCS: 3OIOPIE cx?sgoqlme@oq bolt ezﬂc:o?

< . e co_ O Co C ¢ 9 < < < < < <
cx?go']oo torque coefficient 00$Q:) CO0LOVE0:§§ CYPIPOR I CIVVMORCOPI: torque

P co. O < < < < N < O o c O
coefficient 02§@:07 caqREO§$32000 q|m§o[§c @l@cooo:oa@ washer o3 o?:o]oo GO
N < < C ° < (9] N
QPPVPIMDM0RC sgo?:[g)mef Q005000:epR0 I
Torque control method 0% o§:01m| sraqlorc) ) é ew%[g)ooo:eoao oaorgej)orgql(f)qp:?cﬁ
o C o < . (o] o] < < N < < N O
0ppd20pY bolt axial force o) €§e0§$30001 0OC:MQOGVIERY CYPY3: (torque) o)
N CQ N N
CQOC§:0000CH 641|000 §ERVl
Torque shear sgeﬁlzsgo:o: high strength bolts qp:cﬁ) sgaéz[géleéac%o']m| special tightener
o Qe <
op eg.sdoosgo?.@me@u
Angle control method ooé bolt eﬂéog(ﬁ@&m:@f; mé:qé@é:e? eoTcooooé bolt axial
force orc?’ 08$:smf)c;o:@:| bolt eﬂéog(ﬁcoo@&o% nutcx?éqooéf oeoan (rotational amount)
< (°] N < < C < < < (o] ° < <
@g Q06epOll F2FID W) 03¢ e@o@ooo:oo@ nut CPPIEEPIVLIDM) a?:@oospogm
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le)

o:m @)00[9 oo@csﬁ,om bolts elongation sgorgoo gc[ﬁccooo oeocnoc\)e oloé Coopd
standard bolt axial force o? emc;oeﬁ a@:@ooqe@n 3,99?01 rotational amount

’)'-80

° . < . . (o] C < N c O C O

390?:@)[0']00 bolt axial force copd yield point 07 e0PCYSODY FOCA) GEPMI{ OO
< N (] [ o] < 9 < < < < O N O

@@oagn AQEPORC  §O02: 0 39@03039@@0:?9 00:0009€|C03QIFE)  AOYOEID
ooé:o:uf)gf mé 8T bolt §c§ 805q|qooé:3903<73| angle control methodcf’f ssof?:[g)l%éooéu
B3(0¢ bolt &) 6slC:ea005¢ 03¢:00p5 3PS (under-head length) 00p5 de§30:(0¢ GE:

C C < N [o] < < < < < [o] N
PICI000  §0  §CGIM  QAOPIPIORMI &) 0&GEINM 39@@39@§03c S99

< < ¢ ¢ < N < < < O < Q < < (o]
QPPOPIGO0OCEE  VOIVMG)I  DOIQOI0D:VIN QOO FAYYR:Q§R00R  bolt p

° < < (o] o C < < N2 ° < < < <
3909:@{0100 PPV VLI sg@loe:a)oqjmq_p: [g)[cx?o[gz acp@ooqe@u ©6:200¢
qm§q|o:39q| 10T bolt & (Booc&?rﬁ qlcrgogézﬁ Seoaoacu%)moqp:ooé 8T bolt §cf
og@e@fewomg G@O(ﬁ@é [;9500@‘: mﬁpsaa%@é: (delayed fracture) .}cf oo%ooorgej data
sgqjoos'amooqp: eeﬂeoooe@é: Angle control method ('rcg’ 8T bolt éwo aaoéz[g)lqeéu
or%sa@é Rotation oeomcﬁ) o>oo§o$_>§:oooooé saa*‘j%og&ﬁewo bolt & axial force
ooécoé: saeq:@:oqwéu on%e@ncf rotation oeomcr% o%é:ooocpogél material
3980339(??8:({[’)2[::@: C\8036§@8:I oo[§§: eeﬁeosﬁl qQ (assembly spanner) (73 390:0?$ o?sj

< N (o] ° oC < Q < . (o] < <
0009 see@saec?o? @G@eﬁ 0pC:02060! o?,eo?oocﬂoo impact wrench 03 m:@c:@c:
(first impact) ssogeo:cj cq|c°>[§c°::[§cf: opfézoooqeéu

oc¢e

Torque gradient control method aqoog@o high strength bolt zao: cqlooo@:ass”@g co: oo@

axial force §g nut co@oo@ omms@@o: aoooogoosdoooo@ proof stress s'ag:ogc non-

< O < <

1' < [o 3] [ < < Q o R C
inear [goo)mooo@ Sefovrev B ole alovleslen) o.?.ﬁl 0QYOVRNM  0O00§:]|| 00X
< C C < o O C C C < . [0} N
e?@:me:@o)oo@u o?ogsgo:@q Q003000000 0py  axial force @)  Go:20p0N gﬁ
< C < c ¢ CC Qo CN ¢ ¢ < Q . C C N
§PO:000:0D0 VOCHIZCY 069439 CVOQS cxgoaoa[g:n axial force co:epogc sse@oczsscu
(variation) 39§é:er°?: @o%oéu o%eoo% torque control method §<§ %é:o;éo']m Go:qoaéf
axial force ooéf [g;cf:eo:o']ooén
oc%e@)oé sgo?[;) eé bolt & eoor?ooé: oqocc:ﬁqp:l mechanical ocsgooo%qp: oooéo%cﬁ
JIS B 1186 00 er né&:oné: oqloor.uo oooocfoo[;c 30: [:c G§O(YS(C§CC: @o%ooé
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(o] [N c «a OC c O o N c C [N [N C ° c
ql:@m@c: 3&CEPO0Y 000GV gﬁ bolt oqlo@c: §pO0sC06: saa?:@[ooo:oog
oéooo:qp: ﬁol@xl Honshu-Shikoku oéooo:coé: oqocczoﬁloaéu

¢ o ¢ < <

Bearing connection 03¢ opsé §0d0o3¢:6a003 high strength bolt saqj:ze0: 03 03:cq/Si
Ree §odogdiapg (plséodepope s033gmg) [Gonge odgoddep slgdeoqs
eoloSel soqaSt 3260l0S YRS 3603035803031 Bolt soy S8 oes0rqenSi

oS bolt qp:d} ople¢ JosogSiqpogs  mevladogiaycy mgepodioopy (g
0ms004p: 6[58e0Te0qs 0g§0SqepSi

Machinery &§ o5§uoogp: §§08[88:1 Calibration cSE&:

oo8Siog8 03ased oSoooap: s03es ieSBEiep pdodigdy ool FAcHRS
GU?OSCY\)I 39q°|$ooom 39(%539@0@95 <L>c]-;$ qﬁé@é:oq Q0100

Axial force 093 or‘:)é:ooooa@f 8003/0831000038 oil pressure or°f e@oé:cﬁ@é:@é axial force
o O¢ < o < : O o N [e] [o] <
0p 09C:02000p) Fq||:F02:&CI Strain gauge 0 9p:00p3 load-cell esqllzaraoao:uesj ﬂ(ﬂoaen

0Q < < < < O NP o¢ ° <
0QE020QPIVP0  OIYOI00TO oocqlﬁaraaog@g 32q|$664): esa?:@lsj oR 39@@39@§
[o} (o] < <

< cC 0 0 ¢C < cC 0 0 1@ oc¢ C < C o C [\ cC
§19)9R0 1 GC:0R07 CPOC§:CR c[gak: 32g|$03C 0200360 POCIO: ORI AQEFIM CPOCHFCY
o C ¢ < C C . Q (o] <
098$00630:c0:6860p0N Torque wrench coodeocy|ci axial force Somel ealeall-IeNTob]
[o XY < C (o] C C oCc O C [e X} o ° C coc ¢ <
dRSogudgeloig mofj:ovndeqpad Blefoolss qispBgad ofico e 8[3844:(se
[BcpS8Elo0pSi
on%@é axial force meter @ bolts eﬂo:@fz oq_lf)ooo:oaé :39<°Bc°::sﬁ eooocfooé:ﬁ (stiffness)
oa@Q o0 member eﬁeoooéooé:ﬁ.é oreéeéo? e@ngeqo]n o?ge@ocf c?ésm:
(torque) oo$f§:ogeoa5méu axial force meter 093 oq_l&pogé eo:spaé axial force §cf
N . N O C

o009 member 0% oqléspogé eo:qoaé axial force or%oaé 0RO @e@sgec?qp:

[o} < (9} < < < < < < . Q C o < .
eSJesll oge@oq 3268§000000M0ep) member &¢ stiffness 3§:0089: 0poopy axial force

meter orc?’ agof?:@poécﬂooéu
Torque wrenches sq:300: qp:go§oopdn Torque c§8:03 38305 (dial gauge) o

oem:(6¢ vodqoopd wrench 1 torque wrench el deflection em:(g¢ cozo0pd  wrench §&

&n

ratchet 39(?_0][239002 OODéO% [(jsogoaéu G%GQQ?I[ZS’DO)OZ({IO:SQO:C\?:OD&Q 390’383908

c ¢ c o O
o

@5:0)(3:0’](7.) IGLG?%;@CQ:Z ESO%O)O’SOD&QII QSGCOOO(S torque wrench O’% C\?OC§:§CO&B (2]

co
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0003@5 éo%o%q‘ﬁé@:l C\?f)c$:g§§ Gwo?qugsé ooémooo%@é@o%col 390{):@{0383
ofE5ecTgonSe) 09§@5c0 oofcsgiadl Bioodad cGemSdlaseds

R0
095c§:88aG 048 020[036 qjzpdy [geR0(8: pSesiglal eapad(Giesnad Q) co 0ado3s
Q?$ C\Pf)eeooc§co ooén o?smfll:sao)o: §o°>eﬁ[:o>c{’3:ogc°: gun §.<§ control device o%eu?ors gun
&¢ hydraulic pressure 08$:@°c73°ooo 03[(398 Goflézméooo:ooésgog(ﬁl eﬁs?é’gc?ﬁcpogé
col&:08000:0003 008c303icd codesondeeoSi BBS torque control gpS:cod:GS

< < ’] < < < (o] co oc o _C
03]00P3F28|1 AQOdX0PY COPS3X0: (output torque) o) torque 0o G: 39(30:39@0:39(\?00

< oC o¢c o <
F20CQP:IPOPC: §$PRGOR0
390005@@%[;)01 bolt qéa%%oaoeuos@@é torque 03 08§:q|lc°@ qoopé electrical impact
< <

<
o) < .9 Q < o ¢ 0¢_0Q NRS. .8 < eRS.8 9
wrench (ﬂ(ﬂ&)@ll O%GOOOC\)&: 32620:000 q_ﬁp_pﬂ@ SOOS@C:?C.; CDC:O?JO@C:Q OOO?_]&E

3o

< ocC o¢¢ < C o N NS < ° <
39(\8(1)0)(7& G@@:?C@C:G@OQI Gc?OOOS(?:S’D&)C}O{IO@C:(TO)C GO?ZOD(;O’]II

< Q

Q%GODS OCD@S(?:GO&)(S mé.(xuéﬁc?f)spé o%qg@qeo:qs? GC\?G’B oopésaogog C\B(SO’%CQIGT)

Q . . 0 c . C
o3¢ efficiency §o0p0 torque control impact wrench 0 2Q:&C0RVI

n
Cn

Torque shear sseﬁl:swo: high strength bolts (qf)ooé 08%030 & socket :39(%5: 085 nut

<

§cf pintail oopésﬁl socket @5@ o']oola_%u 39@)50305 socket ogé nut 950305@“ Mo

le)

<

(o] < < < c Oo¢ < . : O C (@ N
torque 30:0) 2000GEPMVPN FPORC:OC: socket opc pintail o) goq[gzl GC:0D0
< < (o] ° < < (*] C N < < <
09)000p0  torque  320:0) o?,@q?oolg force oQ e[g)oc:coeo:oo@u Socket &992000
C C C < C < (*] < < < < <
OD09KGOD0Y 0GOYCIVMIANDEPRAY COPIVI (OGSO torque 330:00p01  groove
< co¢C < (*] < < (o] < < . . O
c§epocs bolt @mogoo@coo@ fracture torque o 6§pPO>20PS3200 copSepdll Pintail 0
NN C o O¢ cCoC < C ¢ 00 <
@m@c:@gl torque 330: 0 00§:g||0&COPYII0R001 302 bolt Y OMqUIIgP:oRC torque
orc?’ 08$:oop§ C\?éesooéqcﬁecﬂoéo]u Torque 320: Go:sﬁooo @500@3390305 calibration

NP (*]

08e§ec30ll Go§ 0B5:538:5S:58 oSes0:Be:qpio coSqeodGESapS

ST-149



Q) Tightening Bolt Axial Force

@u0: §—9 035 e@%[c:)ooo:ooé: design axial force oaé Steel Bridge, JHBS Part 2 &
Section 3.2.3 (2) G@g:@g:ql(ﬁogé GO’S@OOO:ODé: 3’30%8“ 0305905000:3030 allowable
force o% GE)C\)éG®€1$ cx%saf)ooé force [c}ogoaéu

Bolt cq&pogél 3900(73035@05[(3)000:@&)0 design axial force gp: qﬁe@cﬁ oqlf)qeén
o%e:n%coé: torque coefficient 1 creep §<f: relaxation, slip coefficient e@oé:cﬁﬁoﬁsﬁ
sgofll:ooﬁecpcrgﬁoﬁ ooéoé:m:[g):l bolt oqlf)oaésaqj’gé ooaé axial force oo@c design
axial force co0d 10% (?)@:qeén

Angle control method og&r-gl 2) ogé worg(fogooo:oopé nut cup_Sooé OGOGDO% eo:%&ﬂool
bolt 0% oq_léooé axial force 093 qﬁeé @ogooéu

Torque shear high strength bolt qp:saogcfs 390005035 G@%@ooo:ooé (B?lwoqp[;sé bolt
0q|<36pog§| c?5c$:§§§ qﬁeé torque coefficient §.<§ oorgg')? o?orgcx?&\%crgeooo ogé:sﬁ
torque coefficient §c°° sge[gésso:[;scf cgo[éoa)éac%wé Section 6.3.2, JHBS Part2 Steel
Bridge ogé e&@ooo:ooé sgqlcf)dc?’ @og:mo%@lqeéu

Torque shear sgefll::sgm: high strength bolt @1 3200050 sfaqlcf)%(ﬂorg J) 085
eog[(:)ooo:oaé torque 093 08$:am§coé Q?(Q)eaooéﬁ eo']wé bolt oq|5 o%gloao@cf:
cuqléoaé:sgsﬂl axial force oaé bolt & gé:eaoocczﬁ sseoTogé (I?ooéﬁ e@oé:cﬁo&éu

ofée@ocf: oogq"]oo ooé?@q%(ﬁoaé sgq‘ﬁogé on?orgcx?ooo&%afﬁﬁ (ﬂé:% axial force oaé

< < ¢ _C

ODOS?OS@O:GODO range SQUO)C: OCl GOC?(} 1 S 3

< < < < O
0)(7)%(7)&?0)&?0 ODQSQO?C: performance (T]?

o <

C\?(Q)Cﬁcﬁgédgé 390?2[;)[@?@39@9 £$3CD02 @83 §I Gé)l 0036@:61@&" Bolts Q_PZGO?J(SSC(SI
> S0

bolts gp: ) gézeaooéqéor% QL0 §-G [c}c; 006G

On

le]

<

261@&"

o [N [N N N (o] C c . (o] N c oc¢ c
onasg[g)c 0QOC§:9CcoRC bolt 0p 0910009 axial force QpPEOY OOGE$EII 0ICONV
N coc¢C o [N

(Y%?Iwoqp:sﬁ C\?(Seaoocqlmcl_)c:a?écp sge@é oo%coogqloo qp:e@xfn bolts zacqp:
(under-head length) 006q]|:q)C:8320305 ©d6s0:q5 slordien580l0pSI ©des0:6q$
c . . . (o] ° < o 0 o N .
30305 inspection equipment o3 3205:(gqepdI BBeoon Be(gmesq):0S! nominal
diameter opp3eox bolts qp:de ©8:0008E0p5 saaqp: (under-head lengths) §oopd

bolts gp:03 6g:q(0S[gc:aaa:(s¢1 bolt @ performance of 320688E00pSH
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@Raﬁ&ﬁ C\??o%ej bolt &\ torque coefficient oo.§c%: e@oém‘)w@fsgog(ﬁl bolt oPl) mu@oaé
axial force mé: e@oé:cﬁoaén Qe.§s®9&ﬁ$ (0°C-10°C, 30°C-60C) & @éoé oé:wéﬁ(f’f
C\?f)a)ésaeﬂl @VO0: 3—@ ogé e@%@)ooo:oaé bolt on ooorc)c;ep(ﬁqeé axial force

39(?;5:39@3:0% arao\?:[g)l%éo']ooén

Table 5-6 Average Value of Tightening Bolt Axial Force Outside Range of Normal Temperature

)

(0°C-10°C, 30°C-60°C)

Set Nominal designation Average value of tightening bolt axial force of the
of thread set of one production lot (KN)
M 167~211
S10T M 207~261
M 241~304

Torque gradient method @5 bolt qé@é: cqéeaoo&ﬂool Bolt oq_lc°> (75’310)085
oC < < co¢C : C co < N <
00§:§||00p06e00C&CEa0n  axial  force ) Q[O:Q[02§G:20p0  2D0I903000:60
[ c 0 O N < < ¢ 0O < O N [\ cc
sggczsa@o:ogc: §lO§| CQOC§:009C 0GOS QYOOI o?,sg@c aQOc$:9Cg torque shear
high strength bolt 0603 bolt qp:n% (qlﬁeé axial force 03 o><§eao:q§ aorgéoaéfsaepll torque

shear high strength bolt saogcrg.}é: torque high strength bolt 390305 @lcng)@ewo
C < o C < <
©8:2009qP:F0IC: CQO§ERII
Bolt ooé:oqlf)@éz Gﬂ&?’)()fg srao%srao:é (Order of Tightening)
. ccCc o < . Q . aOC < o¢ <
Joint 3203¢:g qoopQ bolt axial force qp: eorapjo']ool slip &CpO32: GOQRMYYKCIORDII
o < og. ¢ Q ,Q QO o, Q. Q ¢ Q
ocge@ygg 0WaPQC:0RC  bolts  3309qP:0)  30X0O&CP:  POPOQlE|  (0§§IP0RM
< < N O < < : N < N < <
Q003600]|MgPI e@o[;)ooo:oopjn Joint &) 39[5)039@@:? bolts qp:¢ osj 02C:07)00

sl splice plate @oocﬁcooecgﬁ[@:l contact density 03 q?é:o']:e@%éoaésaogo&

< (o] < < < <
GQQDQDOLYL)S]. bolts (:th:(f CDCDCQ U)C:(’Y{]OS].GP_’DII
(o]

c ¢ (o] (*] < . O < < < < < Q
000! bolts qp:op c30ea0n  axial force 3300¢6320C oowmeoo@:[;sq 39&):

cC o ¢ < < < < [o] < <
: oc\?moﬁlm| bolts 03C:090000:0000 F0:q: @§ecqpcooecx; §OP9320R001 bolt

3
On

5@8:0@ emo?(.qlsgo:@é §§@§§sj @lcx?f)qeéu oooeas@f;ogé axial force &\ 60% a%

(9] N NIy <
3200 QGSQ’.)C OQ_IOODC;OJQII

3
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9)

Angle control method of?:ooé:saaﬂléﬁ ooq,@: ooné ooé:oqlcc)ooooé:m lap gap gp:
o] < (o] C "l < < Q < C < N < <

©§€02200003200 Q|06 l0D1 09OPYF: @:eo:oaasgogm FP00M0RC coo@ooo:oog
(o] O C ¢ ¢ (o] <

:Eoooosfa@e E:)ch?oeﬁ, ec\?agocﬂu

Joint 085 ogeogpoé q_p&p@é@ Gap eoT@é:

Qﬁs@c‘:)&ogél bolt (qf)[éé: [c}pg@@:oaé sae[§sae§og§ member ooogqogcc: o']occzoaé:

c Oo¢ o _¢ oc gl C < (o] o o C C

Q0MNCEP agooosgcec:qp:sﬁ friction e@:oq @oeoao Stress 0 QOGO

%:e@oézeo:q$s'aorgcr3 treatment or% ew%[c}ooo:oaéu Bolt sacoloden 39??: o$:oqjéogc°:

ooe§[§8: (contact gap) @95@07‘0'](73 stress cra:e@oé:gcr% 3903%39000: @5@@&)@?3908(73

cC O N_O

bolts q_pz(ﬁ) mé:aq_l&pogc QO contact gap qp: e@o%eoTeoq$ F200: osaglqeén Bolt
39@0103§cf eo:ooé: 39@§:§5:§030 contact gap @ogeoTon stress r@:e@oé:ﬁogé

(*]

@a:o‘?oﬁooéuf 3300(3@@0@ 661%80']" O%ngmé: CI%(T?QBG’DG@G’DG@G?"_:C?SOEC\}J(SI
251000538 48 B0Sei[BE:0303 cooguSe§a0gad of:entaiq§ SmSclaspd

<

05[;)0:3909 (Plate thickness) gps [§o:§o:[§§:| o%eo?og member qp:ooé 0762005605

le)

lo]

ooé: Ofreéﬁl é@ﬁ@ﬁ@é: ooapé me@s@e@qp:ogé material 3980539(‘55:%: (g2 ete)
contact gap qp: @ogeoTcnoSooéu gﬁe@spogé qégg$oaé plate thickness [§o:§o:[§§:
&%:Dé?‘)l mo%é%éooé: @0:§Ozﬁl ogx\éﬁ (plate thickness tolerance) (rcg’ chf)cg$e§ooéf

0EOCD @o%oén o%e@y)cf: nominal plate thickness eogéeoy) member qp:cﬁ; oo@@éu

9005@& C\?f)ooé: srae@sgeeﬁ’u:ogél filler o.'?:ﬁl plate thickness qp:@y): ogomﬁfcﬁ)
< C < < < [ < < < <

csqpooeo)@c: ©0 @l@c?zq_p: GS0OCHMQ$ COPYIYC: OOl

ooo%c9$| steel @ plate thickness on:cgjél tolerance cop_S: o%:cuooop_%n Joint 093 m@@:

C < CcC Oo¢ C o 0 O < < C o < N <

02C: |09 @)lcx?osd@ogc gap Qg0 ©0GIV:EERI  GFIMDIVIFOEG  OIC:NRYOQ
N < o¢c O co oc¢ < [e] < .

@mo@:oo@ssqﬁoo contact gap qp: 09|$§E$&COR @e@@e@qﬂ:ogc filler plate

<
00

3
On

[BS:88 member w0: 0o8:08e0q§30905 taper rSES: ea3pS c0§ecqeo
[BlleSgqpr:0? cpdesoéaupn

Member 6p800088: (inconsistency) o3 coSc§:985 [G§copSoreniq§ 80530005 o330
RO5pOgpOI§03¢  QO3ROgepdieosiqp: 00psoy el aqlgqs weq:(3io0ps

0nu8onbaoé(gé: (temporary assembly) o cpSesonepdadoloni inconsistency §o§
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o:éc;ao:sﬁ sgeq:@:@:l s;mooSej inconsistency e@ocf: @5ooé lap gap oPl) c;ogﬁéo']m
< N < < < (o] < N O c - . < N <

Q0 GOQPOM @)caocgo? @)lc\?oqegu ocgsa[;)c inconsistency @oc;.?ooa ssc;@sgc;@ogc
. O < N . < co ° N < <

splice plate o oqlooogsaa'h splice plate 0pC I86PVIQEAD QOO QOIVYC:Y
< T oc < C Qe < < < O o _¢C < <

@@co COKCIPITIORMD OEGIOICHMIR|MIQP: M) NP @[Q?oqegu

9.6.6 Bolt oq8(5&:(8:00p3e8005 odeso:(gé: (Inspection after Completion of Tightening)

(@) oaoS@oSooo:eooo ooé:oqléﬁor% @lcx?éooo:[g):e@oéz ®o§eeozsaooé[<:)[q$ bolts qp:o%
ooé:qé@:oaée@cﬁ oogeeo:gf [(:)I_QBSSlGéII
Q) oo%eaozﬁé ocﬁqéq@é:eﬁlz ﬁ(ﬂml wéeo.lrgoaé @[@f:ﬁor% @[cqé[ci): oaorggeorgooozeoy)

<

quality qsﬁ 6800 g_orgqegu

®) 6320050 sgqj(f) 0) .}cf J) 093 cx%cﬁ@ocgjé 3200050 39(35 (@) .}cf q), ('rc?> e@cop_Soaé 0
%@%éwéll
o) bolt mé:qé@:@:@ézl mé:mnéooo:gsse@ssqo% o><§eao:qeéu
J) od%qléqeooo :rae@araec?éfuzogé bolt oq_l((ieé: axial force 093 o>5eao:[§5:§cf @[@&ﬁ
o O < oC C < <
007 essomo']sgo?c: QQOGIOOCEBROI
() Torque control method 0% o?:oaé 39@@:39@.?03& ® oao&forgooo:oaé
oogeoo:sﬁ gaeq:faogcﬁ:;a@ogl Bolts 3?803 ooo%qeué:o%@ 10% s2o: toque wrench
(o] ° C C (o] < < . .
o GQQ?SE)LGj 02C:MJOPIIE§II000) POE:EOI Acceptance criteria ¢
ooé:cqléoaé torque &\ oo$(%:oaé calibration C\?So)ém torque oo$f§: & + 10
% @ogé:%’m@é@o%oaéu ooSqIéqeoao bolt group gp:3o: 066 oaogeao:eﬁl
bolts 39@@1390805 () © ORGj o>o§eao:qeé @5[@)“ 056 oaogeao:epémé:
< ° ’] ° [0} C < C C < <
003g|860l001 bolts g:320:00: 0D PBE0:6EPOI 0IC:ORO00D: WY torque 0
N N N C (o] < < C < [0}
Q00590) tOrque cond §p0:6§6I00 bolt QPO 2000Q0D tOrque GePAI20PO300
066 mé:qéeo:q@é@é@u oao&fos) torque 0005 10% eoqf) c%qp:e;?eooo
bolts qp:o%el% bolts sets mwéqlo:§é: 3900:0(%: C\\)C\POS@):I ooé:cq@q@én

<

() Torque shear saqj:30: high strength bolt o3 od:clooi pin tail [go5ogade

Qo _O

0)0%@@2@82 ?((:: 33?0833330:%]0: @I.C\?(SGj (?0$3088@80’3 ®0§Gm3[§8308(7?
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[01cpSaepSi eorE:aqSqeaniod emypogaieonn bolt gp:golmi agdeo:qepd
[c}o%oaéu ooémq_lcc)ﬁ 0§23 méogcﬁe§wé bolts qp: (simultaneous rotation)
§olont bolt 32006(6¢ 300:03:(8: (0§05 agdev:qepdi

(0) Angle control method 03 a3:00p3328 3e05m000:qp: (QpSe) d0s:098[QE
obaso s o bols s e BogSoped 3G coplfontioss oot
(rotational angle) 20p5 @3C¢: §.6.6 o3¢ 0050050006000 303E:30
203¢:§ §esqepdil 0005905000600 rotational angle cond cogpR§pS:e50lm

E ce N C o Ce C o < N < . C O ']
Og@GSQOC 0000L CDC.(')?_IOGO.G]_@&II ODO)?OD rotational angle (e e]0p) (BG§O m

bolt set saoaog[zscf G?OO:O%:[@):I [§$oq|560:qep_3u

9.9 méeaoocﬁmﬁaoé@é: 3.;0305 C\%araf)eoao ocﬁogé:qp: (ERECTION
EQUIPMENT FACILITY)
9.9.0 0Ss0éep§ 0pS5(8Sageo(sE: (Erection Stability)
N e Q < . S RSy, e Q . . 0¢. QO o
(DUDGQI’)oS’BO. Q0000 G(I)’.)(Y)GG(LQ)& @e.qlo.l QOO bracmg qpol CDQ§°(7? G’BO?.E)I_Q
[o N < < < C (o] < < < C C C o (@ c(oc C
®§SMZ@C: 0&7& §@:C\)G:Gﬂ’):0? CT)O)?QICZ@OGO)I GO']CZOOﬁ[gNDGO G\?:@: O’D& COG320C
C < C < c 0 (o] C C C co C C
C\POQ@@ @@OD&II qCZ(Y? (I?QD(DG?Q (DOC\{I(DQGOQO 39@0203(7364{]03 3’366139080’)
o o < ¢ O . < C ¢ O ¢ cre <
C\?C\?GC\)’)(DGQ)’J(YD (7? dlaphragms Q{IOZI cross-frames Q:th:@(.} 0000 C qlooaom[gzoa@
(9} Qo ¢ coc < ° coc ofre
FPOOI structure Sﬁ G@ST)SQC\?(D U)&b@ﬁl structure 030?0?885 038[96? Qﬂbzl structure

BuSBE B0 2ecos0Smmedlss qS0pS8Ees: §arpSad coSqens [G8asaSi

9.9.) ™8§:3g053c003qP:

U)éGSU)O‘SU)(SSOé@é: C\?(SC%:O%(;QI(’YS({P:?CE C\?(SC%ZOé({P:%E (7381%;239({)"_2390)’3“

%)

meoﬁzm o§c§§emo£o€qeé ;ogozeeo: (pick radius) | oo?ﬁor% 08.$:ooo:| GaONABM
ooo:eé §é:m§:q_p: (m?ﬁ:emcﬁé@xl 05:@3: eqoooél esgo(f)éé oaoaé) o%

GQ_SQJQSGI$3308(YSI Oé@ member O)OS?QIE:O%S’B%OS 390:?:@'_@&? (YJ%%:O)OS?QJCQZZGQ)

Bo o o

ooo:eé: G§qup§§(§ 2] Gél GCD’.)(YS(YJ$@§ LD(YSG({P:O% Qjé@él qidseé §é§€\)§:(ﬂ0:
GOS[(:)G].@&QII
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O

Erection 30305 3a3{5joo8ogS:qpaps aead(5000:0008 c9Scdi08 rSa3ias c3zeSeooo
ooeﬁ oooegqj Se\ 28 araf:)c: @pé: ooéeaooo%(el boom length | counterweight

cocC

g@@ Q! aoio?oo.%coog esflooqp: (outrigger) {gpé:c?l eaﬁ qeé o$sﬁ mcm:qo|$ or%or%
0P3[0Pd E:00¢:000(0000:0005 capacity chart gp:l @oxoigp: olocqedSi oo&s:
23099 9 Q 22 R R Sl Mo

. < "I" < Q Q ¢ (o] < C
operatlon 330803 G@GOI e@emm 32000:3230: | SQOUJSSQBG{PSI 39(7.):%39030)

(338&)’)08393%9_[3“ eq)! qéoéeoorgmzcx%&q_pz oooé) @égée@qozcr%mé: Erection
Plans & Procedures 085 e@%@ooo: qeéu

<

39&%@[@80888%038 méﬁ:qp:sao: GSO’J(YSC\?(SGQ:QB(SC$:C\?(S(Y$§OD§ G’D{lg(fo)é

0088EAm1 DFedoSompS BmEoieon M&S:03 BBBREBH cSraopS coSeiqled
Q?:&)Oﬁ?q ng[g)LQJ(YSGQGOT%é (ﬁd)é&)éll 39[:8:0:6&30(7)%%23908(73 0’380882616@?

[o] N <

39839®éog§ sgac%@l C\350$:390805 cx%sg&)oé m%%:oo5§q|§:<%sﬁ 300D 39§§ Sopd:
méeaoo&i{)qul boom lengthi counterweight go)é:(?qul eo%o?o&% oaé eel]orgqu

< <

(outrigger) §0p5:41 oq] qopl o3el Becorqly J4op (G8lgpade §C:coS:0090(geonionpy
capacity chart gp:1 @ooo:qp: cloéeepSi adead GE:320305 Erection Plans & Procedures,
Erection co8c§:538ep 0305510594203 [3§0008 0o8ogS:q§ecsdl

Crane supports gp: (00§§:63005505(G0:1 08:([30:eq0081 cvSc§:008§ 630053) 03ad
03006000 opdoopy 86gj0q]:0} 6% coplogieudigeorqepdi gjjeeoqIdPieS
dp05S0lonr endogpbia3fuogp: (wEqic§onséep (od) cpdegigpr Bog030pi00p3)
BAROD RGROIYOREN  B000ISJYA>  E2gAIISIGP: GFod: PG §E0RSN
Bag|odaecondqp:al Erection Plans & Procedures op¢ copdagc:aepd(es(S:i qE:0005
oRScd:qlel ecgaropiondad §¢ gé[gjgndeeeclogé godpdepd [gdarpdn Crane
Supports qp:acg03 cg0dgIE3gePiaRR! G303aIny 205905 eu3(gaoi(gS:q): dewpod

N

@og:m%ooogqlcﬁqp: o']eﬁwpé 39@@39@§qp29 30! Erection Plans & Procedures &C

o]

cROdqEIgqPicgs  op3ogiqd ool ogeard cpdediqéoopd  Kgegodqledgep:dy

c0ge000p1006§S 8¢ 200[|§CqFRR05  spdoopiaqifoptesy  e0xCisces
%&Déll
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9.0 oocSaoé[éé: (ERECTION) C\?5c$: [(_)3:8:038"@@(73 @oﬁé:mmqo:(ﬁ oogeao:[écezz

< C(@.9 < (o]
(O) ODOSOC@ o3 ®8G§O I 2deaod07: 080 O']OCODQ member ({p Gﬁ assembly premswn

Q)é 8(%8 $32§) wO’S?OSCDO OD@ g@ G&)OCS% (performance) O? 0'??08@‘; G[(:)CD@GOOD@

() 39(??5 ®) ogf: e@g[g)ooo:ooé§cfsgé ondsoéolm 33(%5 @) or°3 e@méoaé 0 oaao%éooén
®) méaoé@:&ooé@m& o@eooéooo:ooé member qp:csﬁ assembly precision oo@c @uD:
977 0l gelgom:ea 03 Giqpia¢ ofadpSqepdu

Table 5-7 Assembly Precision after the Completion of Erection

Item Allowable value (mm)
Span length + (20 + L/5)

Warp (25 +L/2)
Alignment + (10 + 2L/5)

Note: In the formula of allowable value, L is the span length (m) of the main girder

and the main structure, respectively.

Table 5-8 Assembly precision of pier after the completion of erection

Item Allowable value
Standard height + 20 (mm)
Distance between gate piers + 20 (mm)
Tilt of column 1/500

< <

oooaoc@é: (Erection) @:S:wéeq?ocﬁ C\c?’sgf)ooé assembly precision (')rc?> qﬁ%é@é: eﬁe%’l

@Lmé ®o§eao:3900é@poésse§@& (IBOSC\?(S?(’DOC\)G@%)E:(%E C\)éZGCDOC:I or;)eooo

<

le)

< < < < . c < < <
ooo:oo@ members (:HO:G?OZ U)O&)CG§33£ Erection (DOC\DSQOQCSOBC CDE:GOJOC:I

e . .9 Q Q °[:c°
398.())3900. CDOCH?(‘Q Q0G:|C:

< < <
G300C 8(7303&"
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298: 6.  odooo:[36:98: (DECK)

Bo m@eogecy

< < C < < o ¢
00030C

Q < < : ° C Qc
:0:600000p0:  load eonceea0:0py  orthotropic 0507 @e:ac:a@ooosgcec:

Cco

N O

[o XY C NN < < C . . o 0o ¢ < C(e
0pC:00p0 320PC:IOND NPYOYR DIV (tolerance limits) qpzo cx?ooc?oqeg@o@u
caomesd(oolmegmesgp:omor AASHTO/AWS D1.5M/D1.5 Bridge Welding Code
& 39(?;5: 9 ol @go%:qcﬁqp:s@o%é: @éqeéu

< <

(@)jesepog 32805338: (element) 0poopd ©o:q0en e (panels) 1 g|Soos:
(stiffeners) 1 3a§2:038(00: (flanges) §¢ @2(52:3280533C: 02697)E:803 8332005

- Element col§ 60500896 328805 eqo€pde (flatness) g[eoéon§:g (straightness)
6R:99:¢ (curvature) o3el deviation s300pSen A33605e template edge s803 conesmy)
mogoaeco:(gdoopSi Template edge 00pS 388056000 a[@E0ns:¢ 36105 cag:94:603
§o00:(8:1 03E:00000pS element ¢ 3605 sdesapoz SesaepSil

- Template edge opS odecsoiegaopd element @ 3qp5e0:3203¢:30700005
seoqdegseann maqp:ooe§epSi panel 3og058309E panel 2038d:309p:@N © 20 § 0005
seoqdegsqoli gE:03 element & §052005q)S: 30p¢: epSavpdesepogtesd ca:§E copSi
- Template edge & element 0308e0300p5 MSq0532605 | 9 [030: deviation o3

o C N o C N < s e (o] < ¢ ¢ O 0o <
O?CZQ@&II o?c:oooe@ooa segment 33(7800 tolerance limit (7? ODOD(?CDQ@ (I?@?CDE{P:

le]

E:y): sacrgosaeo:cr% Qeooq?é:obogé ooéogé:s@a?:@lqeé (or%sa(go:raeo:ooé (Ga0§D0:
< < C ¢ Oo¢ oC C O < < (o Xy
320900 W 03903000:6000 element & Q0MCEP F20PCII0000 ﬂ?ﬁ §§:w£399']o?c:
< < ° <
0PRC:e sso?:[g)lqe@) I
(Qﬁs@a%:ogé Panel vpco c»ooo:ch:oogc qllf)oo$: (stiffeners), webs, flanges §<§ plate
edges qp:@é: Goooéoogooo:ooé: steel plate qcﬁ@o@éeﬁ esciwo (clear area) @é@u
@000:0p element qp:[;scf: oof)éccéé:@o:ooo:[é& eeﬁeoogcooo sgep@ogooén Qﬁsgs.%sﬁ
[;)go$:q_|c75 qp:(f)f o0z panels qQp: sgoch?:‘?é orthotropic-deck o%eo?org box girders
e flanges q_p(r}o% ooo%ocrgmé:ogéax) q”f)ooo:ooé plates qp:sgogcrs of?:qeén oc%
N < < < < C : < < < < <
plates gp:ogc qjloms?:eo']oogmoocf oBoBGcﬂc: clear width &¢ g||0o>8: o']oogoom?
< < C <
qllom§:qp:[i:n: panel gps oqocoop_ou
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6.,

PANEL gp:el eq[oco3(eder (08(0):28p00¢ (FLATNESS OF PANELS)

Panel 00696\ m88056q(0¢p8¢ (detailed flatness) 360705 603:919:¢ (curvature) o3
ypradicogends: (maximum deviation) 00pS ©.0098 @036 360308 A5V
GengaSiy 8 02§3:03 eeoppogian

D

< 2
144V T

Where:
D = the least dimension along the boundary of the panel, in.

T = the minimum thickness of the plate comprising the panel, in.

COMPRESSIVE STRESS cooSeqpa520p ORTHOTROPIC-DECK RIB gp:

3901:906I Gé]é(‘%ﬂg q_uﬁooqﬁ:qp:eﬁ G@Oémgti

Compressive stress oacf)esp(f)eé es'léc\%og web qp: oféeu?org 39@0: stiffener qp:sﬁ
C c .C < ¢ O N o ¢ N < .

POYPISC  GOOOCHSMY|  COEPYSIQIORC QIO I2§OD e@oqoo@g (straightness)

o%eo?org cR:¢1 9:¢ (curvature) =) sra[ééag deviation ¢o L/480 ees) eeoqrgc\g%qcﬂu

L
480

5

IA

Where:

L = the length of the stiffener or rib between cross members, webs, or flanges, in.

COMPRESSIVE STRESS eooc3eqpadoopd mgcog(sod WEB qp:aé 32(e0:
q_"_(S(‘D$:(ﬂO.Gﬁ G[(:Y.)éd)$.ﬁ

Compressive stress 6o005eqpaSoopd m§od[Gos web gpas m[o: g Soodigpreh
DogpigG coGedoy codiepegodgaps fodpd 34805 efgafondig (straightness)
B0 ezl $:¢ (curvature) &N 3(9¢ed: deviation ¢o L/240 cood eeoqdoggeol

L
240

=

Where:

L = the length of the stiffener between cross members, webs, or flanges, in.
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6o

CLOSED SECTION RIB qp:cﬁ OGU)GWSQ)’J:ODé 39005

(@) esgocrgéoi[c:)o: (backing strip) éej cos00506w> (full penetration) @éeoorgoaé closed rib

()

®R)

<)

ooogezsﬁ joint 085 backing strip §<f: Gagocrge@ material [gsogooé closed rib 39@0:
saooe§cpogé @cﬁe@né:e@éeo'reo)q$ §<f: 0@00:39@@9 fatigue crack @5@01@5:(‘:%
co¢ < C C . o _ C . - C c O C < <
O0R0O&C0R 2005¢0o fatigue strength §q8 joint eooo@c:o? G00g|P GIOICHMEERI
Backing strip ooé closed rib §c§ ooé:oqjégo o@aocﬁmﬁooo:q@o%@:l 00063 NGLIFOY
(o] o ¢

N c. O Qc [Ny < C C e <
063000 | G@OC:(XE:(X)’.):GODO (groove) SQ(BCSO?OD’.) C‘D@O’)S’B(BCZ({P: U)OSOCGTDOgC O.?:OD&

oewd (assembly welding) @lc\?éqeéu
< N < o0¢ < [e] O . .
D003003002: GO NGUIIBEPI3EIP: GOV §|§C 0P Q| I24)|:F O PID Backing strip
C o c
39[590 R:qeI
¢ O C (o] C < . < [o] <
0GUDZORMD AYIP0EID QGO VEID (Penetration amount) 3‘9@@3‘90 e

< < < < < N
«?&3(\)@2[(:90“0\73 Gaoocgooegu

() Closed rib gp: & 33005 (joint) ooé Goao?o.ﬂs'ao:[;scf é%éqésw:[éfgeo:wé high

[ < < (*] < (¢] < < < C ¢ ¢ cc
strength  bolt joint [gsoqep_ou QG CPI0F VI GIOMPOGE:  CPOC$:YCY
< < (o] . (o] C . ¢ ¢ N
oeooeoooqooasgaﬂ Q@ joint o eopsocnoew>  (full  penetration) cQOC$:&¢
saéeeooég(ﬁqeén backing strip [g)[c?f)oop_s q?é:mé:?og?ﬁoflooéu Closed rib &\
(}é@[cx?f)ooo:eooo oo@o (flat  bar) 091’) of?:oopé §p_3:co§:§<§ diaphragm 091.’
C < < N C ° < < C o~ ¢ < (*] C < .
mo:cﬂoog:moe?esgoc qoej Q0:00p) §P03C06: og@ooopdon aQeoocopo: fatigue test
qméqp:@ @éqé ob@o:(ﬂat bar)cr% a’?:wém (céﬁemoé:oaén o:%e@oé
oS@o:sao?:@[spogé closed rib ogé sgﬁ{eeo:o?) eog:ooo:oaé (cold bending)
o ¢ oc C ° < < < N [o] < '] N < <
32000PQC:4¢ flat bar cpecoomdgo ogwmo@c:eeﬂoop_gssa 0GUA02:0RC s'ame[@oc:qp:
GoTc\n.%cQ:a)én 039003633@9:@:33@3 cops0050ew (full penetration) &) oeoosse@
o$:cq|c°:cr$ oo%c;ao:spogél closed rib or}o%c;ooo 3805 structure Of]OéGé]%OI]O’)I non-
. < C C < < <N < (o] < (*] < < <
destructive §pj:®e:[§q ©0G0:6)§ NIV ocgc@oq QIR0 FEPOIEGIY:
N [o] < < ¢ ¢ < (o] o< C < ¢ ¢
c;ooqpcoﬁlm 6§50 $3PORM NGLD CVOC§:9C ase@sge§qjo:cq G0§P00$:§||0 CPOGIOICHS

a%a@éoop_su oc%c;@)oé G@oézewgooo:cm&?qa (groove) sﬁs@ogé:? ogoqlﬁ‘?f: 0050003@):
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< < O < < < < NS ¢c <. 0
GS@O(T)O’] 396183’380836?]030? ODU)?U) @)S’.)@:(I)’.):OD&II OG(D&)(D@C:C\?OC 2(7?

[N < < C C N ’] (o] < ocC oo0¢ <
9$6$M$M§ GIOICHMROIM PIEPIFIIEY:gRIFI0PC: NGUIA:E§ECIORI
0GOS sge[§ & @ogozeeo: (Root distance) : 4 mm _ 8mm

eé@oﬁ (Irregularity) : 1 mm or less

cmcﬁéﬁ@nzﬁlé@o: 30> (Gap with backing strip) : 1 mm or less

(G) Closed rib qp:tsﬁ QPSC$:§5§ eooSooé oemqusaogcrs fatigue tests qc\)&{p:o% GDG[ééGjI

Q)

Co o ° < C < < < [o] < C O
GS’QO('DOOD[C:)O:Q?:OD& GO?SOOOOGU)QIO:%C ES@GOTOD& 32000 GD(DG[:('DOC: G{P('Y?

Q '] oc Q¢ e . g <
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Figure 6-1 Example of Working Instruction on Site Welding of Closed Section Rib
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Figure 6-2 Amount of Penetration in the Welding of Longitudinal Rib and Deck Plate
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Figure 6-3 Inspection of Deck Plate Welded Portion by Ultrasonic Flaw Detection
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Figure 6-4 Detail of Crossover Portion and Weld
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Appendix 1 : Standard Items of QC & Inspection Records

Inspection
Chapter Items Check Sheet Title Contractor| Submit to | Supervisor
Voluntary |Supervisor| Attendance
1 [General
1.1 |Scope of Application
1.2 [Construction in
General
1.3 |Execution Plan Fabrication Plan O O A
Welding procedure O O A
Erection Plan O O A
Working Drawing O O A
Shop Drawing O O A
Erection Drawing O O A
Camber Diagram O O A
2 |Steel
2.1 Mill Sheets O O B
2.2 Storing status O - C
3 |Fabrication
3.1 |Working Reference Tape/Plank layout O O A
(Processing) Dissection/Cutting O - C
Bolt Hole O - C
Strain removal O - C
Penetration and stop rate of bolt hole O — C
Cold bent radius O - C
3.2 |Weld Welding plan, Material O - B
Management of electrode and flux O - C
Welder
Welding procedure test and results O O A
Welding control sheet(Pre-heating,
Heat gain restriction, © -~ B
Flaw inspection, repair O - B
Non-Destructive Testing O O B
Attachm_ent"and removal of o o B
Suspension jig
Repair of welding flaw O O B
3.3 |Stud Bolt Material, Dimensions O — C
visual inspection O — B
3.4 |Bolt Tightening O O B
3.5 |Member Precision |Dimension O O A
3.6 |Assembly Precision |Dimension including temporary o o A

assembly precision
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3.7 |Painting Painting work plan O — A
Paint Material inspection O — C
Storing inspection O — C
Surface treatment inspection O — C
Environmental inspection O — C
Stirring inspection O — C
Maturity and pot life inspection O — C
Paint film inspection O _ B
Used volume inspection O — C
Repair paint inspection O — C
Repaint inspection O — C
Scaffolding O — C
Painting work sheet O — C
Transportation @ O C
Erection
51 I\H/Iandll_ng & Storing o o C
aterial
5.2 Insta!latlon of o o A
Bearing
5.3 |Erection Procedure O O
5.4 |Stress & Stress and configuration observation
Configuration during |during construction O O A
Erection
5.5 |Field Assembly O O A
5.6 |HTB Tightening Material , Tightening control sheets,
Contact surface control, Assembly O O A
accuracy
5.7 Erec_:'_uon Equipment , o B C
Facility
5.8 |Inspection of
dimensions after O O A
completion
Deck
N |Precast Deck O O A
6.1 |Orthotropic Deck O O A
Completion Inspection
Ap-]Loading Test O O A
Ap-1Shape Inspection O O A
AP-|Submission Documents O O A
(O Necessary
— Not Necessary
A Attend in principle
B Inspect during other inspection
C Noneed to attend
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Appendix 2 : Fabrication Conforming to AASHTO

11.4

Followings are reference when fabrication is complied with AASHTO.

Chapter number is in accordance with AASHTO Construction Specification.

Fabrication

11.4.1 Identification of Steels during Fabrication

The Contractor's system of assembly-marking individual pieces, and the issuance of cutting
instructions to the shop shall be such as to maintain identity of the original piece.

The Contractor may furnish material that can be identified by heat number and mill test report from
stock. During fabrication, up to the point of assembling members, each piece of steel, other than Grade
36 (Grade 250) steel, shall show clearly and legibly its specification.

Any piece of steel, other than Grade 36 (Grade 250) steel, which will be subject to fabricating
operations such as blast cleaning, galvanizing, heating for forming, or painting which might obliterate
marking prior to assembling into members, shall be marked for grade by steel die stamping or by a
substantial tag firmly attached. Steel die stamps shall be low stress-type.

Upon request by the Engineer, the Contractor shall furnish an affidavit clarifying that throughout the
fabrication operation the identification of steel has been maintained in accordance with this
specification.

11.4.2 Storage of Materials

Structural material, either plain or fabricated, shall be stored above the ground on platforms, skids, or
other supports. It shall be kept free from dirt, grease, and other foreign matter, and shall be protected
as far as practicable from corrosion. Storage of high-strength fasteners shall conform to Article
11.5.6.4, "Installation."

11.4.3 Plates
11.4.3.1 Direction of Rolling

Unless otherwise specified in the contract documents, steel plates for main members and splice plates
for flanges and main tension members, not secondary members, shall be cut and fabricated so that the
primary direction of rolling is parallel to the direction of the main tensile and/or compressive stresses.

11.4.3.2 Plate-Cut Edges
11.4.3.2.1 Edge Planning

Sheared edges of plate more than 0.625 in. in thickness and carrying calculated stress shall be planed,
milled, ground, or thermal-cut to a depth of 0.25 in.

11.4.3.2.2 Oxygen Cutting

Oxygen cutting of structural steel shall conform to the requirements of the current AASHTO/ AWS
DI 1.5M/D 1.5 Bridge Welding Code.

11.4.3.2.3 Visual Inspection and Repair of Plate- Cut Edges

Visual inspection and repair of plate-cut edges shall be in accordance with the current AASHTO/ AWS

ST-169



D1.5M/D | .5 Bridge Welding Code.

11.4.3.3 Bent Plates
11.4.3.3.1 General

Cold-bending of fracture-critical steels and fracture- critical members is prohibited. Perform cold-
bending of other steels or members, in accordance with the AASHTO/AWS D 1.5M/D 1.5 Bridge
Welding Code and Table 11.4.3.3-1 and in a manner such that no cracking occurs.

Unless otherwise approved, the minimum bend radii for cold-forming (at room temperature),
measured to the concave face of the plate are given in Table 11.4.3.3-1. If a smaller radius is required,
heat may need to be applied as a part of the bending procedure. Provide the heating procedure for
review by the Engineer. For grades not included in Table 11.4.3.3-1, follow minimum bend radii

recommendations of the plate producer.

If possible, orient bend lines perpendicular to the direction of final rolling of the plate. If the bend line
is parallel to the direction of final rolling, multiply the suggested minimum radii in Table 11.4.3.3-1
by 1.5.

Table 11.4.3.3-1 Minimum Cold-Bending Radii

Thickness, in. (t)
AASHTO M 270M/M 270 Up to Over 0.75 to Over 1.0
(ASTM  A709/A709M) . . Over 2.0
Grades: ksi 0.75 1.0,incl. to 2.0, incl.
36 1.5t 1.5t 1.5t 2.0t
50, 50S, 50W, or HPS 50W 1.5t 1.5t 2.0t 2.5t
HPS 70W 1.5t 1.5t 2.5t 3.0t
HPS 100W 1.75t 2.25t 4.5t 5.5t

11.4.3.3.2 Hot-Bending

If a radius shorter than the minimum specified for cold-bending is essential, the plates shall be bent
hot at a temperature not greater than 1200°F, except for AASHTO M 270M/M 270 (ASTM
A709/A709M), Grades HPS 70W and HPS 100W (Grades HPS 485W and HPS 690W) for which
plates shall be bent hot at a temperature not greater than 1100°F.

11.4.4 Fit of Stiffeners

End bearing stiffeners for girders and stiffeners intended as supports for concentrated loads shall have
full bearing (either milled, ground, or on weldable steel in compression areas of flanges, welded as
specified in the contract documents) on the flanges to which they transmit load or from which they
receive load. Intermediate stiffeners not intended to support concentrated loads, unless specified in the
contract documents otherwise, shall have a tight fit against the compression flange.

11.4.5 Abutting Joints

Abutting ends in compression members of trusses and columns shall be milled or saw-cut to give a

ST-170



square joint and uniform bearing. At other joints, not required to be faced, the opening shall not exceed

0.375in.

11.4.6 Facing of Bearing Surfaces

The surface finish of bearing, base plates, and other bearing surfaces that are to come in contact with

each other or with concrete shall meet the ANSI surface roughness requirements as defined in ANSI

B46.1, Surface Roughness, Waviness, and Lay, Part I:

Table 11.4.6-1 Facing of Bearing Surface

Steel slabs

ANSI 2000 pin. (50 pm) (RMS)

Heavy plates in contact in shoes to be welded

ANSI 1000pm (25pum) RMS

Milled ends of compression members, milled or

ground ends of stiffeners and fillers

ANSI 500 pm. (12.5um) RMS

Bridge rollers and rockers

ANSI 250 pin. (6.3 pm) (RMS)

Pins and pin holes

ANSI 125 pin. (3.2 pm) (RMS)

Sliding bearings

ANSI 125 pin. (3.2 um) (RMS)

11.4.7 Straightening Material

The straightening of plates, angles, other shapes, and built-up members, when permitted by the
Engineer, shall be done by methods that will not produce fracture or other injury to the metal. Distorted
members shall be straightened by mechanical means or, if approved by the Engineer, by carefully
planned procedures and supervised application of a limited amount of localized heat, except that heat-
straightening of AASHTO M 270M/M 270 (ASTM A709/A709M) Grades HPS 70W and HPS 100W.

(Grades HPS 485W and HPS 690W) steel members shall be done only under rigidly controlled
procedures, each application subject to the approval of the Engineer. In no case shall the maximum
temperature exceed values in Tablel 11.4.7-1.

Table 11.4.7-1 Maximum Straightening Temperature

AASHTO M270M/M 270
(ASTM A709/A709M) Temperature
Grades
HPS 70W 1100°F
HPS 100W 1100°F

In all other steels, the temperature of the heated area shall not exceed 1200°F as controlled by
temperature indicating crayons, liquids, or bimetal thermometers. Heating in excess of the limits
shown shall be cause for rejection, unless the Engineer allows testing to verify material integrity.

Parts to be heat-straightened shall be substantially free of stress and from external forces, except
stresses resulting from mechanical means used in conjunction with the application of heat.

Evidence of fracture following straightening of a bend or buckle will be cause for rejection of the
damaged piece.
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11.4.8 Bolt Holes

11.4.8.1 Holes for High-Strength Bolts and Unfinished Bolts
(1) General
All holes for bolts shall be either punched or drilled, except as noted herein. The width of each standard
hole shall be the nominal diameter of the bolt plus 0.0625 in. The standard hole diameter for metric
bolts M24 and smaller shall be the nominal diameter of the bolt plus 2 mm. For metric bolts M27 and
larger, the standard hole diameter shall be the nominal diameter of the bolt plus 3 mm.

Except as noted in the articles below, material forming parts of a member composed of not more than
five thicknesses of metal may be punched full-size.

When more than five thicknesses of material are joined or, as required by Article 11.4.8(5), material
shall be sub-drilled or sub-punched and then reamed full-size, or drilled full-size while in assembly.

When required, all holes shall be either sub-punched or sub-drilled 0.1875 in. smaller and, after
assembling, reamed or drilled to full size.

Holes in cross frames, lateral bracing components, and the corresponding holes in connection plates
between girders and cross frames or lateral components may be punched full size. Holes in
longitudinal main load-carrying members, transverse floor beams, and any components designated as
fracture critical (FCMs) shall not be punched full-size.

When shown in the contract documents, enlarged or slotted holes are allowed with high-strength bolts.

With the owner's approval, round or slotted holes for non-main members in thin plate may be thermally
cut by plasma, laser, or oxygen-acetylene methods subject to the requirements herein.

(2) Punched Holes

If any holes must be enlarged to admit the bolts, such holes shall be reamed. Holes must be clean-cut
without torn or ragged edges. The slightly conical hole that naturally results from punching operations
shall be considered acceptable.

(3) Reamed or Drilled Holes

Reamed or drilled holes shall be cylindrical, perpendicular to the member, and shall comply with the
requirements of Article 11.4.8.1(1) as to size. Where practical, reamers shall be directed by mechanical
means. Burrs on the outside surfaces shall be removed. Reaming and drilling shall be done with twist
drills, twist reamers, or rotabroach cutters. Connecting parts requiring reamed or drilled holes shall be
assembled and securely held while being reamed or drilled and shall be match-marked before
disassembling.

(4) Accuracy of Holes

Holes not more than 0.03125 in. larger in diameter than the true decimal equivalent of the nominal
diameter that may result from a drill or reamer of the nominal diameter shall be considered acceptable.
The width of slotted holes which are produced by thermal cutting or a combination of drilling or
punching and thermal cutting should be not more than 0.03125 in. greater than the nominal width. The
thermally-cut surface shall be ground smooth to obtain a maximum surface roughness of ANSI 1000
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in.

11.4.8.2 Accuracy of Hole Group
(1) Accuracy before Reaming
All holes punched full-size, sub-punched, or sub-drilled shall be so accurately punched that after
assembling (before any reaming is done) a cylindrical pin 0.125 in. smaller in diameter than the
nominal size of the punched hole may be entered perpendicular to the face of the member, without
drifting, in at least 75 percent of the contiguous holes in the same plane. If the requirement is not
fulfilled, the badly punched pieces shall be rejected. If any hole will not pass a pin 0.1875 in. smaller
in diameter than the nominal size of the punched hole, this shall be a cause for rejection.

(2) Accuracy after Reaming
When holes are reamed or drilled, 85 percent of the holes in any contiguous group shall, after reaming
or drilling, show no offset greater than 0.03125 in. between adjacent thicknesses of metal.

All steel templates shall have hardened steel bushings in holes accurately dimensioned from the
centerlines of the connection as inscribed on the template. The centerlines shall be used in locating
accurately the template from the milled or scribed ends of the members.

(3) Numerically-Controlled Drilled Field Connections

In lieu of sub-sized holes and reaming while assembled, or drilling holes full-size while assembled,
the Contractor shall have the option to drill or punch bolt holes full-size in unassembled pieces and/or
connections including templates for use with matching sub-sized and reamed holes, by means of
suitable numerically-controlled (N/C) drilling or punching equipment. Full-size punched holes shall
meet the requirements of Article 11.4.8.1.

If N/C drilling or punching equipment is used, the Contractor shall be required to demonstrate the
accuracy of this drilling or punching procedure in accordance with the provisions of "Check
Assembly- Numerically-Controlled Drilling," by means of check assemblies.

Holes drilled or punched by N/C equipment shall be drilled or punched to appropriate size either
through individual pieces or drilled through any combination of pieces held tightly together.

(4) Holes for Ribbed Bolts, Turned Bolts, or Other Approved Bearing-Type Bolts

All holes for ribbed bolts, turned bolts, or other approved bearing-type bolts shall be sub-punched or
sub-drilled 0.1875 in. smaller than the nominal diameter of the bolt and reamed when assembled, or
drilled to a steel template or, after assembling, drilled from the solid at the option of the Fabricator. In
any case, the finished holes shall provide a driving fit as specified in the contract documents.

(5) Preparation of Field Connections

Holes in all field connections and field splices of main member of trusses, arches, continuous-beam
spans, bents, towers (each face), plate girders, and rigid frames shall be sub-punched or sub-drilled
and subsequently reamed while assembled or drilled full-size through a steel template while
assembled. Holes in cross frames, lateral bracing components, and the corresponding holes in
connection plates between girders and cross frames or lateral components may be punched full size.
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Holes in longitudinal main load-carrying members, transverse floor beams, and any components
designated as fracture critical (FCMs) shall not be punched full-size. Holes for field splices of rolled
beam stringers continuous over floor beams or cross frames may be drilled full-size unassembled to a
steel template. All holes for floor beams or cross frames may be drilled full-size unassembled to a steel
template, except that all holes for floor beam and stringer field end connections shall be sub-punched
and reamed while assembled or drilled full-size to a steel template. Reaming or drilling full-size of
field-connection holes through a steel template shall be done after the template has been located with
utmost care as to position and angle and firmly bolted in place. Templates used for reaming matching
members or the opposite faces of a single member shall be exact duplicates. Templates used for
connections on like parts or members shall be so accurately located that the parts or members are
duplicates and require no match-marking.

For any connection, in lieu of sub-punching and reaming or sub-drilling and reaming, the fabricator
may, at the Fabricator's option, drill holes full-size with all thicknesses or material assembled in proper
position.

11.4.9 Pins and Rollers
(1) General
Pins and rollers shall be accurately turned to the dimensions shown on the drawings and shall be
straight, smooth, and free from flaws. Pins and rollers more than 9.0 in. in diameter shall be forged
and annealed. Pins and rollers 9.0 in. or less in diameter may be either forged and annealed or cold-
finished carbon-steel shafting.

In pins larger than 9.0 in. in diameter, a hole not less than 2.0 in. in diameter shall be bored full-length
along the axis after the forging has been allowed to cool to a temperature below the critical range,
under suitable conditions to prevent injury by too rapid cooling, and before being annealed.

(2) Boring Pin Holes

Pin holes shall be bored true to the specified diameter, smooth and straight, at right angles with the
axis of the member and parallel with each other unless otherwise required. The final surface shall be
produced by a finishing cut.

The diameter of the pin hole shall not exceed that of the pin by more than 0.02 in. for pins 5.0 in. or
less in diameter, or by 0.03125 in. for larger pins.

The distance outside to outside of end holes in tension members and inside to inside of end holes in
compression members shall not vary from that specified more than 0.03125 in. Boring of pin holes in
built-up members shall be done after the member has been assembled.

(3) Threads for Bolts and Pins

Threads for all bolts and pins for structural steel construction shall conform to the United Standard
Series UNC ANSI B 1.1, Class 2A for external threads and Class 2B for internal threads, except that
pin ends having a diameter of 1.375 in. or more shall be threaded six threads to the inch (metric screw
threads-M Profile ANSI B1.13M with a tolerance Class 6G for external threads and 6H for internal
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threads).

11.4.10 Eyebars

Pin holes may be flame-cut at least 2.0 in. smaller in diameter than the finished pin diameter. All
eyebars that are to be placed side by side in the structure shall be securely fastened together in the
order that they will be placed on the pin and bored at both ends while so clamped. Eyebars shall be
packed and match-marked for shipment and erection. All identifying marks shall be stamped with steel
stencils on the edge of one head of each member after fabrication is completed so as to be visible when
the bars are nested in place on the structure. Steel die stamps shall be low stress-type. No welding is
allowed on eyebars or to secure adjacent eyebars.

The eyebars shall be straight and free from twists and the pin holes shall be accurately located on the
centerline of the bar. The inclination of any bar to the plane of the truss shall not exceed a slope of 0.5
percent. The edges of eyebars that lie between the transverse centerline of their pin holes shall be cut
simultaneously with two mechanically operated torches abreast of each other, guided by a substantial
template, in such a manner as to prevent distortion of the plates.

11.4.11 Annealing and Stress Relieving
Structural members which are indicated in the contract documents to be annealed or normalized shall
have finished machining, boring, and straightening done subsequent to heat treatment. Normalizing
and annealing (full annealing) shall be as specified in ASTM A941. The temperatures shall be
maintained uniformly throughout the furnace during the heating and cooling so that the temperature
at no two points on the member will differ by more than 100°F at any one time.

Members of AASHTO M 270M/M 270 (ASTM A709/A 709M) Grades HPS 70W and HPS 100W
(Grades HPS 485W and HPS 690W) steels shall not be annealed or normalized and shall be stress
relieved only with the approval of the Engineer after consultation with the material producers.

A record of each furnace charge shall identify the pieces in the charge and show the temperatures and
schedule actually used. Proper instruments, including recording pyrometers, shall be provided for
determining at any time the temperatures of members in the furnace. The records of the treatment
operation shall be available to and meet the approval of the Engineer. The holding temperature for
stress relieving shall be in accordance with Section 4.4 of the current AASHTO/ AWS D1.5M/D1.5
Bridge Welding Code.

Members, such as bridge shoes, pedestals, or other parts that are built up by welding sections of plate
together shall be stress relieved in accordance with the procedure of Section 4.4 of the current
AASHTO/ AWS D 1.5M/D 1.5 Bridge Welding Code, when required by the contract documents.

11.4.12 Curved Girders

11.4.12.1 General
Flanges of curved, welded girders may be cut to the radii specified in the contract documents or curved
by applying heat as specified in the succeeding articles providing the radii is not less than allowed by
Article 10.15.2, "Minimum Radius of Curvature," of the AASHTO Standard Specifications for
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Highway Bridges, 17th Edition, Design Specifications.

11.4.12.2 Heat-Curving Rolled Beams and Welded Girders
(1) Materials
Structural steels conforming to AASHTO M 270M/M 270 (ASTM A709/A709M), Grade 36, 50, 50S,
50W, HPS 50W, HPS 70W, or HPS 100W (Grade 250, 345, 345S, 345W, HPS 345W, HPS 485W, or
HPS 690W) may be heat-curved.

(2) Type of Heating

Beams and girders may be curved by either continuous or VV-type heating as approved by the Engineer.
For the continuous method, a strip or intermittent strips along the edge of the top and bottom flange
shall be heated approximately simultaneously depending on flange widths and thicknesses; the strip
shall be of sufficient width and temperature to obtain the required curvature. For the V-type heating,
the top and bottom flanges shall be heated in truncated triangular or wedge-shaped areas having their
base along the flange edge and spaced at regular intervals along each flange; the spacing and
temperature shall be as required to obtain the required curvature and heating shall progress along the
top and bottom flange at approximately the same rate.

For the V-type heating, the apex of the truncated triangular area applied to the inside flange surface
shall terminate just before the juncture of the web and the flange is reached. To avoid unnecessary
web distortion, special care shall be taken when heating the inside flange surfaces (the surfaces that
intersect the web) so that heat is not applied directly to the web. When the radius of curvature is 1000
ft or more, the apex of the truncated triangular heating pattern applied to the outside flange surface
shall extend to the juncture of the flange and web. When the radius of curvature is less than 1000 ft,
the apex of the truncated triangular heating pattern applied to the outside flange surface shall extend
past the web for a distance equal to one-eighth of the flange width or 3.0 in., whichever is less. The
truncated triangular pattern shall have an included angle of approximately 15 to 30 degrees but the
base of the triangle shall not exceed 10.0 in. Variations in the patterns prescribed above may be made
with the approval of the Engineer.

For both types of heating, the flange edges to be heated are those that will be on the inside of the
horizontal curve after cooling. Heating both inside and outside flange surfaces is only mandatory when
the flange thickness is 1.25 in. or greater, in which case, the two surfaces shall be heated concurrently.
The maximum temperature shall be prescribed as follows.

(3) Temperature

The heat-curving operation shall be conducted in such a manner that the temperature of the steel does
not exceed 1200°F for Grades 36, 50, 50S, 50W, and HPS 50W (Grades 250, 345, 345S, 345W, and
HPS 345W); and 1100°F for Grades HPS 70W and HPS 100W (Grades HPS 485W and HPS 690W)
as measured by temperature-indicating crayons or other suitable means. The girder shall not be
artificially cooled until after naturally cooling to 600°F. The method of artificial cooling shall be
subject to the approval of the Engineer.
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(4) Position for Heating

The girder may be heat-curved with the web in either a vertical or a horizontal position. When curved
in the vertical position, the girder shall be braced or supported in such a manner that the tendency of
the girder to deflect laterally during the heat-curving process will not cause the girder to overturn.

When curved in the horizontal position, the girder shall be supported near its ends and at intermediate
points, if required, to obtain a uniform curvature; the bending stress in the flanges due to the dead load
of the girder and externally applied loads shall not exceed the usual allowable design stress. When the
girder is positioned horizontally for heating, intermediate safety catch blocks shall be maintained at
the mid-length of the girder within 2.0 in. of the flanges at all times during the heating process to guard
against a sudden sag due to plastic flange buckling.

(5) Sequence of Operations

The girder shall be heat-curved in the fabrication shop before it is painted. The heat-curving operation
may be conducted either before or after all the required welding of transverse intermediate stiffeners
is completed. However, unless provisions are made for girder shrinkage, connection plates and bearing
stiffeners shall be located and attached after heat-curving. If longitudinal stiffeners are required, they
shall be heat-curved or oxygen-cut separately and then welded to the curved girder. When cover plates
are to be attached to rolled beams, they may be attached before heat-curving if the total thickness of
one flange and cover plate is less than 2.5 in. and the radius of curvature is greater than | 000 ft. For
other rolled beams with cover plates, the beams shall be heat-curved before the cover plates are
attached; cover plates shall be either heat-curved or oxygen-cut separately and then welded to the
curved beam.

(6) Camber

Girders shall be cambered before heat-curving. Camber for rolled beams may be obtained by heat-
cambering methods approved by the Engineer. For plate girders, the web shall be cut to the prescribed
camber with suitable allowance for shrinkage due to cutting, welding, and heat-curving. However,
subject to the approval of the Engineer, moderate deviations from specified camber may be corrected
by a carefully supervised application of heat.

(7) Measurement of Curvature and Camber

Horizontal curvature and vertical camber shall be measured for final acceptance after all welding and
heating operations are completed and the flanges have cooled to a uniform temperature. Horizontal
curvature shall be checked with the girder in the vertical position.
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Appendix 3 : Loading Test
1. Purpose of the Test
The purpose of the test is to verify the theoretical strength or rigidity of the proposed structure and
also to verify if the load distribution in the structure is as predicted in the analysis. At the same time,
the test will reveal any unusual structural behavior which is not accounted for in the analysis. Loading
test is carried out after completion and before service.

2. Design Live Loads
Static live load

There are some design live loads in Myanmar. Those are,

(1) Truck Loading

1)-1 H truck
CLEARANCE AND
LOAD LANE WIDTH
100"
CURB
#*
H20-44 8,000 LBS. 32,000 LBS.* - _.'
H15-44 6,000 LBS. 24,000 LBS. 20" &-0" 20
(a)-1 H Truck
1)-2 HS 20 or HL 93 Truck
GLEARANCE AND
LOAD LANE WIDTH
lU 100"

i i
HS20-44 8,000 LBS. 32,000 LBS* 32,000 LBS¥

HS15-44 6,000 LBS. 24,000 LBS. 24,000 LBS. GURB
g E B [ |
: 140" ol v a0 & 2o

o — i — —

COMBINED WEIGHT ON THE FIRST TWO AXLES WHICH IS THE SAME

AS FOR THE CORRESPONDING H TRUCK.

V = VARIABLE SPACING — 14 FEET TO 30 FEET INCLUSIVE. SPACING TO BE
USED IS THAT WHICH PRODUCES MAXIMUM STRESSES.

(a)-2 HS Truck

o
=1} =
—E——— oy

=
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1)-3 HS-25 Truck

Hs-25 Loading = 1.25 XHS-20

45 kN
35 kN

(HS-25)
145 kN

510
510

180 kN

180 kN
145 kN

4.3m to 9.0m !

(2) Tandem Loading

HS 20-44

2dhip Zdkip

Alt Military

(3) Lane Loading
3)-1 HS20-44

CONCENTRATED LOAD—

18,000 LBS. FOR MOMENT*
26,000 LBS. FOR SHEAR

|
510
|

UNIFORM LOAD 640 LBS. PER LINEAR FOOT OF LOAD LANE

TLLLLL LT i ad s e s s o d s s,

H20-44 LOADING
HS20-44 LOADING

3)-2 HL93

648 pif

L L3 r L J ¥

Lane Load
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(4) Truck load loading
4)-1 HS 20-44 and HS25-44

a. Truck Train Axle Distance

35KN  145KN 145KN 35KN  145KN 145KN (HS20)
4.3-9.0 9.0 apart 4.3-9.0
«— < et w/N“»
4)-2 HL93

As for truck load, 1 Vehicle /lane.

(5) Combination of Live Load

Loading Case (a) HS20-44 (b) HS25-44 (c) HL93

(H Truck Train Load Truck Train Load Single Track Load
+Lane Load

2) Single Tandem Load | - Single Tandem Load
+ Lane Load

3) Lane Load - -

(4) Impact 50/(L+125)=0.3 50/(L+125)=0.3 0.33

(Not applied to lane load)

Comparison of Load Intensity for Bridge 2-lane, 40m span.

(a) HS20-44
(1) Truck train Load 325%2%2%1.3 = 1690KN
(2) Single Tandem Load 24kips*2*4 4KN/kips*n*1.3 = 274KN*n
(3) Lane Load (18KIb*4.4KN/kips*2=158KN) + (9.3KN*2*40=744KN) = 902KN
(b) HS25-44
(1) Truck Train Load (45+2*180) *2*2*1.3 = 2106KN
(c) HL93
(1) Single Truck Load +Lane Load (325%2%*1.33=865KN) + (9.3KN*2*40=744KN)=1609KN
(2) Single Tandem Load +Lane Load ~ (25kips*2*4.4KN/kips*1.33=293KN) + (9.3KN*2*40=744KN)

=1037KN
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Measurement Items

Measurement items are as follows:

Static Measurement

a. Vertical deflection

b. Stresses as necessary

c. Expansion and contraction due to temperature change
Vibration Test

a. Fundamental natural periods and modes

Measurement method
1) Static measurement
a. Live load for static measurement is the design load without impact in principle. In case, no
design truck is available at the loading test site, equivalent truck loading can be applied.
b. Contraction and expansion amount are measured with use of temperature change of night time
and day time.
2) Vibration Test
Vibration test is applied for long span bridges.
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Appendix 4 : Work Procedure for Bolt
1. Temporary fixing

BELBIS ||

uaber are recired over Afpes.

es = 10-13

e Drift pins are firstly driven. If pilot holes are determined in factory, drift pins are driven
first into the pilot holes.
e Service bolts are installed into inner holes to outer holes

2. Inserting actual bolts

W T
Installation permament bolis g

e Permanent bolts are inserted into the empty holes.
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3. Initial tightening

s~ K A

Initial tightening of permament

e Initial tightening is done from inward to outward until 60% of target axial force by impact

wrench.
e Temporary bolts and drift pins must be removed after initial tightening finish.
e Temporary bolts shall be removed first and drift pin shall be second.

4. Marking
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5. Secondary tightening

e Secondary tightening is done from inward to outward till 100% target axial force or pin tail
cut by bolt tightener.

6. Inspection after tightening

e Torque control method
> Induced torque is measured by torque wrench.
> Confirmation of marking.

e Torshear bolt method

Tightening work completion

Good
Dut : turned
bolt : no turned
washer ! no turned

No good
tuened with nut and/or washer. bolt

No good bolt change to another new one.

e Confirmation of marking.
e Confirmation of marking and pin tail cut.
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