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\ lap splices

Y welded splices

¥ mechanical splices
¥ end-bearing splices
& overlap length
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Welding process English term American term

manual metal arc welding

11 (metal arc welding with covered electrode)

shielded metal arc welding

114 self-shielded tubular cored arc welding

135 metal active gas welding (MAG-welding) gas metal arc welding
136 um“‘3_21?7053\23:'5ir'?i;\lg‘ding flux cored arc welding
21 resistance spot welding

23 projection welding

24 flash welding

25 resistance butt welding

42 friction welding

A7 oxy-fuel gas pressure welding | pressure gas welding
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\ Gas Pressure Welding (GPW)
Y Enclosed Arc (EA) welding

Y Flash weld
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\ Enclosed Arc (EA) welding
Y welding jig
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Y Gas Welding
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[ (a) Prepared bars for being spliced \

Oxygen and acetylene
gases (1200~1400°C) /
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(EETIE VI The hot extrusion gas pressure welding method

Welding allows for easy visual non-destructive testing.

Tota_l System Its greatest feature is the ability to visually d ine the or failure

on the spot.

Rebar Right-Angle Cutting Machine.

The hot extrusion gas pressure welding method.

m — Gas Mixture Tube Super Valve

Burner
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Heating device

Handheld switch
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Dedicated Dedicated
Electric hydraulic pump Ram Sylinder Welding Base

M The hot extrusion gas pressure welding method consists of four processes.

g (2) Gas pressure welding completed

- \ -

Extrusion completed. ré_' In the middle of extrusion.

<

M Criteria for pass W Handling of non-conforming parts
i i i Perform re-heating and re-pressurization followed by another ext
A,',':',.:':',:i;&"{,}":::ﬂ’f inspect the surface and ensure there rusion, and then (gmdud pass/fail determination ag! in.
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\ Gas pressure welding by hot trimming (hot-punching/hot-extrusion)
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Machine Translated by Google

Yield hinge area

a Btk o

400mm orimore
100mm Ll |

Al Uik T

Class A threaded joint 100%joint . -
o Yield hinge area
/— Bihe o VEs
O
O
400mm of more

100mm &, I half jointyg g+
AR EET
Class A welded joint

(Ogata, 2015) as )l ey slaoile 13 A WS gladhoy 5,58 Jowe 1 VE-F K3
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5 b sl Ciliss la il o gos e (ToY0) slaca 5 (YerV) aliis
Tonls Ol es Oldige el Jav g5 ot ize Nilay il T gladlss 5 balge gl
Lo il g sl (Hisada et al., 2020 & Ishibashi et al., 2007) s g iz
SALY T YoV ladla s Tala 5 s ma (0l 53 VAAY Jlu s, Sie
GPW sladlos (SO slasles bl 5 balps als Laal, cpl 43S
Lo VoY il oy las ol L sl SO gladoy 5 b sladkos
35 b sldos 5 SA JIC s s S gladoy  SUIG S
S 3 1l e GPW sladhs s «KT o .5 oo gkoaib A JIC la uUS

(Hisada et al., 2020) & .$ 1 5 ;5 SA

O gl 33 oad plosl Sl lias F-¥

Sla s Sy s alie 4 Oliew o235 3 lagsy 55 OLKas 5 a2
S S GPW iy > dloy 5 idp dloy 5leslizal b oodd sl asylon
4 yo5 gz (Sharbatdar et al., 2018) wxsls 5 LG [ 5Ll 5 sbasl L 4l yass
Lo aigad (i oy TN 0 b gas (o Op) dald £gad ol oy 5550
smmu;;‘ouﬁuj@u.mp@&;j},&pﬂo. L ged 5 obgr by /)0
Sl 0355 GPW &g oy 51 s woyl o gla s Slad s (g pdy IS Al 5l
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(Sharbatdar et al., 2018) <...!

y Recommendation for Design, Fabrication and Evaluation of Anchorages and Joints

in Reinforcing Bars [2007, 2020]
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Number Name P, (kN) A,(mm) P,E&N) A, (mm) Py (kKN) P,(kN) A, (mm)

1 BR 39 3.12 229 11.41 260 221 8073
2 BOV 47 225 249 13.83 262 223 88.53
3 BF50 47 41 221 4.18 280 238 73.99
4 BF100 44 0.77 238 8.82 258 219 9291

S5aSe G amlie 5 oLl e Liass 53 OVEry) S5, 5 Cwgabs
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*a= 60 mm ** Dimensions are in milimeter
S35 WS ags 53 e g 2sse SN gl S 1 VWY S
(Kheyroddin & Dabiri, 2020)
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(Kheyroddin & Dabiri, 2020)
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(Kheyroddin & Dabiri, 2020)

JJ‘ inl-:ﬂ 3 DL u_i:.rl_in 4.1...0} L’ 4.';‘5.«.; TC4 L‘}A.! ¢ (./.O') L;Lo‘ JJ_<l:.aV DL
$gd FA K50l 5 (100) Jol 5 Sl ¥ 55 Koy 58 dhoy b €503 F2 gl (/)0 0)

.M('/.\")w‘bjﬁgijb&)jédﬁa)l{

oy sl Simross oy slerel b 5 ColiS sdas 0L G Jrasn ml
bl sl Jlaas! SO glads s o5 J= 5 sl (63U 53 gla 550
s 55U o s o Ol 4o 1wl n o3l Jlusl
.(Kheyroddin & Dabiri, 2020)

Lo oidg ahos b oao)lon glosme Sk, (YY) 0LKer 5 ol ot umen
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(Kheyroddin et al, 2021) <l s osls islad
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(Kheyroddin et al., 2021)
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(Kheyroddin et al., 2021)

sl o )3 el el Dlides (5550 e S 5o (T2YV) UL 5 (6 50
QLS.:}aJ(.Sr.?a-gd&»w\);..u;;w)ﬂb&ﬁéh&p}%j\‘u&p;
o il SOl 5 by glaakos b aslie jo s gladloy Lo )3 0l plx]
oyl ol xg ks, (Slidss 3 o,Ll 5 40 2 e 3 S el e

4 2liws ol ey éy&a}ﬁﬁ doy 4 o Syt ooy L oodda=le



%@ \'O/Qu.:br_?)}]ntry‘)«aé

Al e s ale (6518 (g0 il (I gl Bl S L S 58 g dlos
Gl 4 e Ll oo G g s ol 5o BBL 0Ly L 5 ol = Lid
55 451480 W15 53 of 51 ol sed 45 (Y=Y IS2) 35 5 ol |l slaalss

[(Dabiri et al., 2022) coul ol odalin i3

3]
o
7]
33

~

(&) (<3N
s I b s 51 o (B isliol Koy b g ooy 1 YY-Y S

(Dabiri et al., 2022) S8L o, »~ (& JB8L L8 (o

(g Salo g 3 Shes (o sat 55 i Oladsd (s ol fol- El alie
2 SOl 5 s glaalos e s Ses dhs 0L (Ko B 5 (SO
warg b e s SO Glados anslie Al o il slados Lo lie
Olass (St L Ol Cadad b - Jl s as g plmil Olidsed 530S
dglie > Sy b g ahos 3 Shes oS sl ol odins OLES ol plonil 5 50
&5l ede YWY (IS s (Dabiri et al., 2022) ol o35 eSS gladdss L
Sy oy Sleslinal by (SO LS sl eslinal Loy 05 O 5 4 5 L]

a8 13 aglin 3,50 SuG b Ko 58



. - T Z e . Q
@Us slas syl 38 olas By o/ V0T %3

90000
— 80000 —a—Non-spliced
g 70000 —a— Threaded couplers
é 60000 GPW spliced
i '
5 50000
Z 40000
2
§ 30000
Z 20000

10000

0 1 2 3 4 5 6 7 8 9 10

Drift (%)
e 58 5l ealil b calo s O O g 4y Jlall (6551 S anmlie YT IS

(Dabiri et al., 2022) K, 35 59> Wloy 3l o3lizul b

A a8 98 ool ploil Oleliae £-F

oy 5 WU Gl Sz s s ) el o oslitd ooy 4 SO )|
fom o) kS IS e 5 didys s 5558 s aib A Slentle S glas S s
3 oo poee ol sl ol Bl S (Armstrong, 1971) ¢l als o iy
Glae ol ol s s g ¢ o=l el = r)U Slislasl e
S e seslae WL L3 slaals s New Zealand Ministry of Works Ll 55
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y heat input
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(Scholz & Roberts, 2000) b o351 5 551, V/V0 e 15 4 ol gl

il 5 351l Gollas oS pehes (slas s (SSKe Dlhasda 1 0-Y gk
(NZS 4671, 2019)

Specified value Type of

Characteristic property 250Na 500Lb 500N (Sgg?:ic) (Sgi(;(l)ngic) sp::lll?:d
Yield stress (MPa) Rek.L 2250 =500 2500 2300 =500 Cyp: P=095
Reku —_ <750 <650 <380 <600 Cyy: P=0.05
Ratio (Rim/Re)k.1. =1.08 =1.03 = 1.08 21.15 2115 Cy1: P=0.90
(Rm/Re)ku -_ — — < 1.50 <140 Cyy: P=0.10

Uniform =15.0¢

elongation (%) Agtk.L 25.0 215 =25.0 S50 210.0 Cy: P=090

c:.l:.: E) g)’:"bj‘}.’. k)i‘ B ol g)':‘i‘“)‘ dﬁ‘}?— JMI‘L:)M' 6&4.1-&_} 44}».: CJLA?L.:«A
s el el WD VY a5 YO IS s edd pll sla il
ek 3 edkd (Rl B s 5 el b sl @l Slasits

el ol le\V—T' J)J.?jY'\—T'JK.i): 78 99 J«at’- C’"L:J ob,q.hA.!)js..M

G
, —_—
r.-’ \
A
Double V butt splice BD-3a (AS 1554.3) Double-bevel butt splice BD-5 (AS 1554.3)

Pl s Ped e edd Cud s jwd e sladoy i YO IS
(Scholz & Raberts, 2000)



3l sl byl (658 (solis g ahoy/ VN

(Scholz & Roberts, 2000)

K

£

Process Specimen No Electrode UTS YS Tensile/ Overall Place of Fracture
Classifi- | N/mm’ | N/mm’ vield Elongation
E Grade - Bar ¢ -Ident. No. cation Ratio %
MMAW 300-32-b1-C E41 12-0 471 306 1.54 20 HAZ
MMAW 300-32-b16-W E4818 481 311 1.55 27 55. from weld
MMAW 500-32-b7-W E6215 647 510 1.27 21 30mm from weld
MMAW 500-32-b8-C ES518 649 510 1.27 24 40mm from weld
GMAW 300-16-BD3a-F2.1 Ws0 448 331 1.35 15 Next to HAZ
GMAW 300-24-BD3a-H2.5 Ws0 458 316 1.45 17 Nextto HAZ
GMAW 500-16-BD3a-F2.19 W55 691 534 1.29 18 Nextto HAZ
GMAW 500-25-BD3a-H2.23 W55 703 562 1.25 15.5 Nextto HAZ
- Lap length
| Effective length
-f = 5 i ¢ SEE NOTE 1
. g%y ] o SPLICE BAR
; - (DIAMETER D}
w
hg? |
Haorizontal SEOTION 06 SPLICE BAR

Double lap splice L-a (AS 1554.3)

Indirect butt splice with flat backing BI-1a
(AS 1554.3)

FLARE-V-GROOVE WELDS.

Indirect butt joint two splice bars
(ANSI/ AWS D1.4)

Indirect butt splice with angle backing BI-1b

(AS 1554.3)

Fal s Pas wg °”MWJ?&}‘_§:’}>.‘;:“:£ sladoy Y-Y IS
(Scholz & Raoberts, 2000)

V.:Z:..MJ:.'G} o 83 dl.bd.pj S @L‘Q (V=Y gl
(Scholz & Raberts, 2000)

Joint Type Process Specimen No Electrode UIs YS Tensile/ Overall
E-Grade - Bar ¢-Tdent.no | Classifi- N/mm’ N/mm’ Yield Elongation *

cation Ratio %
Lap joint MMAW | 300-32-L28-C E4112-0 454 11 1.46 8

Lap joint MMAW [ 300-32-129-W E4818 441 305 1.45 10
Lap joint MMAW [ 500-32-L23-C E5518 547 510 1.07 4
Lap joint MMAW [ 500-32-L24-W E6215 528 509 1.04 4

Indirect butt GMAW | 300-16-BI-1b-V W50 485 328 1.48 10

splice flat GMAW | 300-24-BI-1b-F W50 481 318 1.51 14
backing GMAW | 500-16-BI-1b-F W55 706 537 1.31 5
" GMAW | 500-25-BI-1b-V Ws5 709 556 1.27 5

Indirect butt GMAW | 300-16-BI-1a-F W50 480 328 1.46 3

Splice flat GMAW | 300-24-BI-1a-F W50 477 305 1.57 19
backing GMAW | 500-16-BI-1a-F W53 701 542 1.29 7
" GMAW | 500-25-BI-la-F WSS 590 560 1.05 3
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350t S U Lol gm0 5558 s slasdlas (b Ye e Jlo s 0 5
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Sope A Ll s edd i el YT LB L b Shs 555 2 S
o N e (S ST S bk ged e b el w0
S e B s dsk Sl Slleig 0,8 el 281l S 5 5 Sbe

(KuLee etal., 2001) ol o &1] (5,105 g2 Sllas plol |
o Sbdoy w3l @l dlse sl b se S, SO O 5 S
R S50 3l B ek e bl o B s Ll aan s gl
51 K (Park et al., 2006) wle oo 5550 = 1) Lo g Coaslis (Jls e sla el
5> Ml ol i ahoy CokS U S hr slaalos 53 Ui oy S
A el 5 S GRS 5 SOL 0Ll baw g sdlplnl G 5o Yee L
(o S ey p S ol 5 G slgii b sle T oy s (gl o e
Goad YV sliad b plas oS Gl O e o8 B9y a4 eme 2el)L Sl eslinal
o b blite = (S S 0L S o il (i L e a5 R
Lo 3ol Olen oy Al jo 3 5 ol oz 4 IS 2 g0 Jlogad 5 i S 15 ol
3800 51 0L g S8 o bl SO Calg 3 5 B o s RIS S
SOk OF e b ol by el sy s Shoo 508 Caslin 5 (50 13 5a0)

35 ot L Ol 5228 Caslis Ol o sdipr iy & edd ahoy 3 8he ,a
.(Park et al., 2006)

oS t\.)gl Sole gl (38 (golad g oaus 5 Ses d})ﬁélwb);f&jj;

L;u:,ﬁfilmjélﬁgﬁgjjéuiﬁb&jjqﬂ:ijficsﬁj@.;b(ba\dgj;q-o)%):
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Sl gl g ol8as 2,8 ood 13 e3linul 350 Oltiny ale SIS (g5 5 55008 W
> Shas sl a8 S 15 s 2550 01 Shas alllae () 53 5 458l are 5 S 53
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(Deok-Seok, 2008) .l o3 5 JIS Z 3120

> 398 e3> (63398l Ao ) 10 o ploil Wl ltae -V

Lol 5 glas Ko 'GPW (5 plb g 5 SO cliaseiie 40l VAAT JL s
Al o558 Shas betdad 5 slas Koo b anslie 55 1y (S 831 s 6,58 51 eslinal
s s 55 ,ole ple 5N Cr Cu ,slis (Yabe, 1986) sls 13 andlas 5,40
o3 5 slas Ko 53 olie el 51 i (S8 s 8558 S ool L o] 5
Sl > Sos § 5 53 e 5 IS Slasie dig s ABL e a0y S s L
055 las Sk b glos L3 (old) il e slie oS ol Sl
Lo o fle g8 ool okt Rl imes Sl Sonl (S
S Sl pl B a0l B35 s i o e o slize a0 58 (glas S
Las oo g5 ol (1 oo JLail S sl Ol ()08 5 dayl 0 s L

(Yabe, 1986) il - V‘“‘Jé
S Sl Sl et b asn b (T O 5 i
538k 5 plad S 5 o Sl sl aile (55 e Julpe G o Sl
s andlas )00 e sbhaloy SO Slasin 5 jktley, o0 b S

Srd s awslis 4 addlls -l (Moustafa et al., 2016) Lsls | 3 (g3laag

y Gas-pressure-weldability
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(Moustafa et al., 2016) <o 3 5 <o B &

05 s Ko sl odd i (i Ao g b waddlae ol s il
D23 Foml I 4 Sl Q) oS5 slas Shs 5l S S (HY ) w55
ol 35 p S slas Koo L aeglin 3 (Ce0=0.38%) oSa 5 slas Koo dslas o S
5oy sl LS H slas Sl s UL ol 15 il s (Ceq=0.60%)
03 dhoy Cuslie I3l a4 s g essed feed HAZ &b s 1, UL o

A=Y Jsas) ol sds H slas KL

Oen 5 (hhnas fow 5 andllas 3, 50 (glas Sl 4305 (ploard S 5 1 ASY ot

(Moustafa et al., 2016) (_uSs 5 :Q ok 3, 45 (}f :H)

Code C Si Mn P S Cu Ceq®

10Q1 0.255 0203 0679 0012 0018 0256 0403
12Q1 0275 0.186 0.628 0.016 0020 0300 0416
12Q2 0206 0193 0.822 0.025 0016 0329 0387
12H 0364 0170 1.038 0.026 0.030 0475 0595
16Q1  0.277 0.151 0.639 0016 0.014 0382 0436
16Q2 0.220 0.170 0.818 0.019 0.019 0432 0406
16H 0.356 0206 1.050 0022 0.018 039 0587
32Q2 0229  0.159 0799 0022 0021 0430 0415

y Hot-rolled

Y Tempcored
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(YYamamoto et al., 2009) s (Yamamoto et al., 2010) <ol 4 Jf B

Weldfnterfwe Weld interface

-

(a) Condition A (b) Condition B

Weld interface Weld interface

-

(c) Condition C (d) Condition D

(Yamamoto et al., 2010) g5 g Lid 5 cilisus forl o 55 gz e il 1 YASY S
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Weld interface Weldlinterface
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Weld interface Weld interface
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(c) Stepll (d) SteplV

Yamamoto et al., 2009) ¢35 ¢ L & 5 sl 55 denS| cla [ESHER LT o %
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(Yamamoto et al., 2010) 558 5, Lad 59> sla U ol
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Weld interface Weld interface

Fe-O type

; nxn.i(,- \. Ferrite
inclusion

layer

¢ Ferite
5 layer

v

(Yamamoto et al., 2010) 38 5L s sla U SISl ¥V -y S

AU bl elal 15 UL cnglie (slas Sos (g g (Y074) ODSGs 5 4L
S Q) S Ui Glagarld @ plis ln i 53 S5 2L 32 S HAZ
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information regarding forging-type welded splices. Chapter 2 reviews
existing requirements in national and international standards and codes
related to gas-pressure welding for rebar splicing. Given the
development and widespread use of this method in Japan, the majority
of the provisions presented in this chapter have been gathered and
translated from Japanese references and standards. Chapter 3
summarizes past research on the subject, presenting findings from
studies conducted in Iran, Japan, New Zealand, and other countries over
the past three decades. These findings include innovations in execution
and inspection of such splices, investigations into the structural
behavior of systems constructed using this method, and metallurgical
studies related to gas-pressure welding.

Chapter 4 presents the experimental assessment of the weldability of
reinforcing bars produced in Iran. Since reinforcing bars in Iran are
manufactured using both micro-alloying and thermo-mechanical
treatment (Tempcore/Quench-and-Temper processes), and because
certain standards prohibit welding bars produced by heat treatment, the
impact of forge-welding on the mechanical properties of domestically
produced rebars was evaluated through a series of tests performed on
welded splice specimens.

Based on the conducted studies, gas-pressure welding (forging) appears
to be a viable and effective method for splicing reinforcing steel bars.
However, due to the strong dependence of splice quality on operator
skill and execution conditions, the development of a detailed procedure
for the execution and inspection of such welded splices—alongside a
system for standardizing equipment and training involved personnel—
is essential.



Abstract

One of the methods for splicing reinforcing steel bars in reinforced-
concrete structures is the use of welded splices. Among the various
existing techniques for welded rebar splices, the use of gas-pressure
welding—commonly known in Iran as forging welds—is one of the
most popular and widely used methods in Iran and several East Asian
countries due to its speed, ease of execution, and cost efficiency. This
technology entered Iran more than a decade ago, following its extensive
and successful application in Japan.

Given the influential role of American codes and standards in the field
of reinforced-concrete construction in Iran, and the absence of this
splicing method in the governing concrete design regulations as well as
in Iranian welding codes (which largely follow their American source
standards), the use and acceptance of this method has continually faced
challenges within the Iranian engineering community. As a result,
uncertainties have persisted regarding the associated technical
requirements.

Considering the necessity of developing a comprehensive guideline
covering the execution of this type of splice, as well as requirements for
inspection, testing, and acceptance criteria—which, due to the extent
and technical depth of the subject from both structural and metallurgical
perspectives, are not addressed in Chapter 9 of the Iranian National
Building Regulations or in the Iranian Concrete Code—the present
report studies the technical issues and challenges related to
standardizing gas-pressure (forging) welded splices of reinforcing bars,
with the aim of developing a national guideline. These technical studies
serve as a prerequisite for preparing the aforementioned guideline as
one of the supporting documents for Chapter 9 of the National Building
Regulations and the Iranian Concrete Code.

Chapter 1 of this report introduces various methods of reinforcing-bar
splicing in reinforced-concrete structures and presents general
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