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Company Profile
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Hutong Yangtze River Bridge
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WUHAN TIANGAO WELDING CO., LTD. (Tiangao for short,
stock code: 831559), established in 2001, is a high-tech
company integrating R&D, production and sales of welding

consumables, processes, technologies and equipments. Now Tiangao
is the biggest production base of ceramic weld backings in
the world.

As an 1SO9001 certified company, Tiangao has dozens of patents,

CCS, ABS, LR, DNV-GL, RINA and NK certificates. Tiangao is
National High-tech Company, National Pilot Demonstrative Enterprise
of Industrialization and Informatization, Provincial Pilot Enterprise of
Innovation, Provincial Key Cultivated Enterprise, Provincial Model
Enterprise of Intellectual Property Management, Postdoctoral Practice
Base and Postdoctoral Workstation. “Tiangao” is a Provincial and
Municipal Famous Trademark. And Tiangao's technological center
has been certified as Provincial and Municipal Level Company

Technological Center.

Tiangao has drafted SO and national standards for ceramic welding
backings. The leading product has won the titles of National Key New
Products, Excellent Chinese Patent Award, Provincial Scientific and

Technological Progress Awards, Provincial Famous Brand Products,

Independently Innovated Products of Hubei Province ete. TG series
of ceramic backings and SAW fluxes gain a significant market share
in bridge engineering. And Tiangao custom-made SAW consumables
are the only conforming and designated ones for Q500gE high-strength
steel of Hutong Yangtze River Bridge, the world’s largest span
highway-railway cable-stayed bridge.
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Project Background
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Section of Hong Kong—Zhuhai-Macau Bridge

Orthotropic steel decks are widely applied in large span bridges due to their light weight, material consistency, stable quality, easy production
in factory, rapid erection and convenient recycling.

In less than 20 years, China has built nearly one hundred large span bridges, which is unprecedented in speed, quantity or scale in the
world. However, the fatigue problem in weld joints gradually appears with the wide application, especially the fatigue cracks found in
rib-to-deck weld joints, which substantially weakens the load capacity and shortens the lifespan of the bridges. What's more, it is hard

to repair the cracks. This issue has become an international concern for bridge industry without a satisfactory solution.
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Domestic and Overseas U-rib Welding

ARIZ IR FFUBN SERE ZMERHRER S R ES >>

Typical Cracks in Rib-to-deck Weld Joints of Steel Bridges in Service
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Cracks Extend to Decks
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Domestic and Overseas U-rib Welding

B : IRV RS E T HEmREIRR

Cracks in Rib-to-deck Weld Roots Hidden under Pavements
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Cracks Extend to U-rib Plates

KIARF LAY FRFBRAZENNFHEFE. XNER  BFEBTEEHNEBRER  ERIENR

REFEURIERE !

Cracks similar to those in the pictures exist in steel bridges no matter when they came into service. Serious overload in China maybe

one of the causes, but the fundamental cause lies in U-rib welding.

UINEEEERYE—E > >

Domestic and Overseas U-rib Welding

Problems of U-rib Welding

URH SiRAFER BRI EEEFR"URDIEEE". UBIR
2SR , —RE=xE73300%x280mm, RES
738~10mm, BIRKEZELSKL L, MKHN=ES
aHIL TIREEL , ERIMSITHIERFEURSIMU 2
EHEIE , BB FETATO% ~80%, REZEHGRK
BER  BIRERNRBRESERRRREFE B
NEEEEIEPEFTITFZARERR !

U-rib welding is short for welding U-ribs to decks. The internal
section of U-rib is a trapezoid, normally bottom base width x height
is 300%280mm, plate thickness is 8-10mm, and length is 8 meters
or above. The narrow and long cavity structure limits welding
operation, so itis required that single-side welding at the outside
of U-rib should reach 70-80% penetration in domestic and overseas
design of steel bridges. Although the standards of different countries
have some slight differences, the defects inside the roots are
innate and lasting. What's more, there are many uncertainties
during welding:

Domestic and Overseas U-rib Welding

a, IBEHRRA, BEXMRE. UIhEZE R
BAFER  HLSHERNTRIRE  EIRERE
FS BB B A IR BIIER R

b, EIRBRERIBIUEERY , EUBREFE
HOELIRRR | BT R RIREIEM . SRABCOAE8 R
T RBHEE , BEPLEFERSHABHRKI ;

c. ARURIZENTIREES | IREBERREDREA
F80% , BEHEZEARTES50% , [BENTHEEDHELL
{RIE ;

d. MEESLEEARAXNARRGE | BERRGE
SMmLITNEERGREEARE , BEKEREMERA
AR, Bt UINEESHRIERH TGRS , 18
BHNEHREES LR —MERERE.

N5k , UBhSEIERET ZRTHRAE 2 HRREID
RREAHRAAGR | BNHEFINSERANG A &
BERERAGTHEE | ZFaIERBTEURI A ERHEAN
F|ABCOARIBEHITIRE. ITFENBBRATZN
R . (BUBNICOASRIFERBIAEIB0% , EREGHIAFIE |
(AR GEIRARRIR,

R&D in new technologies and methods for the solutions of U-rib welds
has never stopped during the past decades. Japan, being advanced
in smart technology, used micro-robot in the U-rib with CO: welding
several years ago.And in recent years, similar methods are also used
in China, butthe problem is not solved fundamentally although the
CO:welding penetration reaches 80%.

NENNFEEEE R

a. When welding current is too large, welding torch angle deviates,
or clearance of U-ribs assembling is too big, big overlaps at the
back of the welds will appear due to burn-through during welding.

b. When tack welds are short and arc extinction is not properly
operated, cracks in track welds cannot be eliminated, and CO:
welding cannot re-fuse the welds, so there must be many internal
defects in the welds.

c. To avoid possible burn-through, few welds reach 80% penetration,
some ofthem cannot even reach 50%, and the effective weld throat

cannot be guaranteed.

d. Fillet welds cannot be tested with X-ray or ultrasonic test that
only works for the thickness of 8mm and above, while the ultrasonic
phased array cost is too high. Therefore only magnetic particle
test is carried out for most of the U-rib welds, and the weld quality

is actually uncontrolled.
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100% Penetration Welding Process and Consumables for U-ribs 100% Penetration Welding Process and Consumables for U-ribs

EFWEETZ. HRZFHR  RRALURNFRIETRE, FRINANERER  KINXSBEROER
NEIXAEPA , EERIERERMG, SULBEREFIREER , NIE. #8l. BREF2HHITRFHH
RIFKR , BT —f 23R4 EIAHIETS % | BIUFBIE.

After years of experience in R&D in welding processes and materials, Tiangao technical team has completely investigated steel bridge construction
and service, and successfully found a brand-new welding method, UFB, which can eliminate weld defects, and realize 100% penetration for U-rib

welding.

UFBLEN >>

Brief Introduction of UFB

UFBiZBISTEE R S MM EIR P ITiE Tid 2 |
SEEURN MBSk ab R MEBE ERAT 20 | SR FETESMUSR S
R RS BIIE |, STV SHERERELET
ENE RS EIERETE . BTRURNETH
PR (HA , U UBD, F IR, B 458 ) .,

UFB (abbreviation stands for U-rib submerged arc welding

with flux & backing) method: when welding U-rib to orthotropic
steel decks, ceramic backing is installed inside the U-rib,

B9 : UFBEIREERT

UFB Weld Pictures

double-power-multi-wire submerged arc welding method is

taken outside to achieve one side welding both sides formation

with 100% penetration at the rib-deck joint.

) UFBZZMIRA ERER T LABIUANIR R ERVER NG . ERNELITOE > >
A : UBRiE °

Real-life Picture of U-rib Welding

O

UFB method has eliminated the U-rib weld defects, as shown in the following aspects

‘o) UFTE MRBERR, EEIN

“= Innovative process that ensures weld quality and improves efficiency

@ URJ o U-rib
) _ o IEMEERA | IREREYT | BTLHBM | IFESEER | SERIERUERER | LISTHSBEIRR |
@ 12HE Weldmg Torch The SAW has the advantages of deep penetration, high weld quality, easy automation, high welding efficiency and full re-fusion of the tack
o ® P i Fl@xible Backing welds to realize 100% penetration.
/// @ R — Support Bracket X
> e -~ o REBHIFESTE  SBREATSREMN (IR, 2. RO, A8 ) WEEE , HILES. 1978
| B TZHE L -
Principle Diagram @ Et& Deck

Custom-made flexible backings can ensure penetration when the welding conditions differ (clearance, root face, groove angel, tack weld)

and prevent burn-through and overlap.
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100% Penetration Welding Process and Consumables for U-ribs

o BUSHEILA/MIRER. BIE. IREEE, IRZ4EE, SAXLEESE  RIEHER, RERE. BARINE
SERERRTY

Thefilling, weld guality, fillet size and surface formation are guaranteed by reasonably matched outside welding current, voltage, speed,

clearance between wires, feed rate of cold wires, etc.

o Hifl. BBIE. IBEE. BLAENRIFIE  BEIRE  RENHRERRES ;
The inside of fillets can be repaired with reasonably matched current, voltage, speed and wire angle, and fillet quality can be improved
and ensured.

B : EERERE

Images of Weld Repair

o RAT AR HBoaE Rz | IMNREELTRIFAIERIE | cTRAIMUIREEIMNE S RMEETR IR E | [F
FItE B ARIF AR R BAIREFRIHINZRRE  HRERLNNASHESRE  WNMRE 7TELES
&b ;

Inside of the welds, backings are attached to achieve forced formation, and outside, the fillets are welded in the flat position, so weld

contours of both sides are concave with smooth transition, and undercut or excessive weld reinforcement can be avoided, making the
weld joints stress distribution more reasonable, consequently the joint fatigue life is prolonged.

=7
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100% Penetration Welding Process and Consumables for U-ribs

o DIFEBRT , MEXLR , NEER/) , EEREEER,

With 100% penetration, lateral deformation will not appear and longitudinal deformation will be tiny enough to be repaired easily.

‘® LR EAHINRERTZ | BRIREELNFMEE

~ Joint physical performance is effectively improved by optimizing consumables and processes

BIEENNNIEEMRERREIENEESZ. EICEME  MHUEEMH | IR —SHERIBEELD
FitgE, REEBREMRFR. £F-RL, BX. PRSEMR0EEN  BREMEEERS | NEIREES
{RIEEHIME.

Itis widely accepted that the welding performance of SAW is the most stable and reliable. And the optimization of SAW consumables
can further ensure weld joint physical performance. Tiangao is strong in R&D and production of wires, fluxes & backings, and the consumables

are made as a whole to improve weld microstructure and ensure low-temperature toughness.

BiEEsLetil®
Weld Joint Performance Test

SR B =51 (D] 1842
Experiment Parent Metal Flux Backing Wire
HO8MnA
- Q345gD30mm+8mm TGF-5J988U TG-U 3.2*1+4.0*1 ER50-6
1.6*1
AR REE PR EE

Sampling Diagram for Tensile Test Sampling Diagram for Impact Test

|\
Vo ;\1 ‘\fn\ \‘.
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100% Penetration Welding Process and Consumables for U-ribs 100% Penetration Welding Process and Consumables for U-ribs

(Bl i gEl e BiEEL SR
Weld Joint Performance Test Weld Joint Microscopic Examination

MiEIE Impact Test R KRaE
e Heat Affected Zone Weld
i iimE
ik V= vA=— omt G T :
Test Temperature
Test Sampling Position
-20°C -30°C -40°C -50°C
124zl
76. 73. 75 60. 66, 66 64, 56, 72 60. 54, 66
Weld Center
a= U BnRStRIIE S£E
Longitudinal Fusion 56, 52,55 52, 50, 54 50. 49. 49 48, 47, 50
Line of U-rib Plate

52

=1
R /9 5571075 JhaRIRIZTH | &8 55*10%10 iz IR I TR ~ Miz{E % 2 :
st Parent Metal Fusion Zone
The specimen's dimensions are 55*10*5, if convert the size to 55*10*10, the value of impact
Remark
energy absorption roughly doubles the specimen's test value.
Fi{eit3s Tensile Test
B UE nfsEE (Mpa)
ks WS [RIR3EE (Mpa) FEAERZE(%)
Sampling Tensile
Test No. Yield Strength Elongation
Position Strength
1-1 JE4E 527.52 617.65 26 HIEERER | RERASRIF , WERERE , AN
12 Weld E95 3¢ 616.09 26 The test results show: good weld fusion, no internal defects, smooth appearance.

11
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100% Penetration Welding Process and Consumables for U-ribs 100% Penetration Welding Process and Consumables for U-ribs

(@) SLHIUADIRERIE R IRIR AT URDEEF= iRz

Ultrasonic test is applicable for U-rib welds U-rib Fabrication Flow

UFBZIZEMUM SHEIREELNEIRE | RABSE KRG EEERBSITIRIE.

UFB welding has realized 100% penetration of rib-to-deck joints and effective ultrasonic test for weld quality control.

BRI UBhtmE N T
Inspection Application and Transferring U-rib Standardized Fabrication
to the Next Working Procedure

IR

Grinding and Cleaning

REETE N

Weld Test

HAER : 100%EE ; TREHERE

Test result: 100% penetration, no defects in welds U ¢
i &
RRCMIRBErS , TRENNIREE =
Standardized production with the special automatic welding manufacturing line =3 %
¥ a
KStRBEUD BB T 2SR, aTR X JEER (B AN
7kiE R B R R (R R TTIR AR B IREE Repairing
%, ZEFERBRERNAN  RIEEREREN
RENIRERE. BRREFSFIAoN Sk
IBEEEE600mMm/min, BiiCIREEFZRERIR
EEERBECRRE. ELIRE. EXBEI,
RIBELEKS RS , BHI. RS, FEL, X A |
Eﬂ@@%‘ﬁﬁﬁﬁ]ﬁ, Ei?dfsg | - iﬁﬁnﬁ?fzgifffnd Support Brackets

Tiangao has developed an automatic gantry welding production line with 6 heads for 100% penetration of rib-to-deck joints. The line

has turning rolls with swing units to guarantee the stability of welding machines and welding quality. 6 heads for multi-wire can weld FRRZR

at the speed of 600mm/min. And the line also has the green and smart properties including current and voltage recording and alarms, Putlt on Turning Rolls

online video monitoring, auto flux recycling, auto fuse gathering, no visible arc, no noise, no smoke, etc.
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Fatigue TestPrinciple

AREURD IR SEf—5 |, SR
M IERZ BN iR S 8Tk, HE A
Q345qdi. MG ITEESEWTE :

To guarantee the U-rib joint welding is in accordance with that
of real bridges, all the specimens are cut out from arthotropic
deck structures, and the material of the specimens is Q345qd
steel. Main parameters of the specimens are listed in the

following table:

URh £ 18 1B (B 15K & & 13 % %0

Fatigue Test of 100% Penetration Deck-to-rib Joints

SR
Test Result
| mommmn
RS | A (Mpa ) TERIREL
T Ly Average
Specimen Measured MNumber of
Specimen Process Crack Number of
Ma. Stress Cycles
Cycles
TIHPHETRE SWP75-1 1652 58754 FrE Yes
Single Weld SWPTS-2 1708 | 221289 FH Yes
158276
Specimen with 75%
SWP75:3 1615 94785 Fl Yes
Penetration
SORTRERFIEY | DWPSE-1 1633 | 173165 FFE Yes
Double Weld | DWPsD-2 1328 | 832320 FrE Yes
464034
Specimen with 50%
DWPsD-3 1762 3Be01E FE Yes
Penetration
SfEERESE UFB-1 1775 5019712 FEA No
Specmenwith | UFB-2 1667 5012355 FH No 5023016
100% Penetration LFE-3 1823 5036982 FoR No

1R REAE S 2R TR MRS R b L RS R L B | MR TFI15.8 HRIINER TS 46.4 5k
FE | EEREELS00 i | SEERE RS EESSGN—EHElLE | RERmaRES
Accarding to the fatigue test of weld joints conducted by CCCC Ship and Bridge Project Quality Supervision
and Test Center, In average, cracks initiate in one-side welding joints at 158000 cycles and in two-side
welding joints at 464,000 cycles, while the 100% penetration weld joints have no failure after 5,000,000 cycles,
whose fatigue life is over 100 times of that with the previous methads, exhibiting extracrdinary fatigue

resistance performance.

iR
Mairy Dimensions of The Specimens.

[

L4mm
Thickness of the Deck
R S
Length of the Deck
U Hirfis

Bmm
Thickness of the U-rb
\ Bt

170mm
Lergth of the U-rib
TR [ U ADAPHREE ) €0

mm

Width of the Spedmen (Longitudinal Length of The L-rib)

B BEXHRER

Fatigue Test Devices

15

M TR g
TS HIETE
Measured Mumber of Crack
Specimen No. Specimen Process
stress Cycles Dascripition

RHETF R
{ SRR )

165.2 58754 A crack initiate
at the weld root

SWRTE-1
{close to groove)

LB, | PSR |
EEE GFPREE
{ FET URD )

Twaor eracks: in

DWP50-1 1633 173165

intermal unfused
zone and weld
toe (chose to

W-rib)

1775 5019712 FEERY
Mo cracks

UFB-1

TZW&E >>
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Expert Visit and Comment

Process Evaluation

2017548 , ERESXFNRITREAGEL
St EREFLBABTN (EXREFERE
TUBBBIREHARRS) EXIFES L, UBI2IB
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MERATDEHPAX. HiXFUKTIXIFREER
A8, BNBKIXFRIRIEES. BUAFTEMR
BERAE. BIBTAFFEXPANERNERE
IFE.

InApril 2017, 100% penetration welding process, equipments and
consumables for U-ribs were approved in the review meeting of
Research Reporton 100% Penetration Welding for Orthotropic Steel
Bridge Decks with U-ribs. It was organized by China Railway Major
Bridge Reconnaissance Design Institute Co., Ltd. and Hubei Welding
Society, and the review panel members included experts from China
Railway Baoji Bridge (Yangzhou) Co., Ltd, China Railway Jiujiang
Bridge Engineering Co., Ltd, Wuchuan Heavy Engineering Co., Lid,
China Communications 2nd Navigational Bureau Structure
Engineering Co., Ltd.China Construction Steel Structure Corp. Lid.
(Central China Region), Wuhan Qingshan Yangtze River Bridge
Construction Co., Ltd., Yangsigang Yangtze River Bridge Construction
Headguarters and Wuhan University of Technology.
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Expert Visit and Comment

FREE >>

Achievement Appraisal

2017588 , L BH%IEEBERXATIERIRIERE
BERRXRERFBF (AELKRFEZRERUIIEE
BIEENARR) FRRSERITHES , SHPEK
ERZFHAREARRESEEEEK , PR
RitRERABRAE. hHAHFEERABRAE. +
BENFIRBRLE. PHER (HM ) BIRAE.
X ERIGNRABRAE. ITHRPTRIRG AR
NEFRXBUERBEMOITRAER  INEZIE
RAESGH , BEReY, [FEE—MEEREE
ITEE  FHAALHNUEE B IREA N RIE LS
AHFEERRMNE , ENESPTENFREKTEES
BEENX,

B : {FHaIE

Reviaw Meating

BA : iFEExRAE
Review Panel
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InAugust 2017, Shanghai Railway Bureau Nanjing Pivotal Project
Construction Headquarters organized the review meeting of R&D
on Application of 100% Penetration Welding for Orthotropic Steel
Bridge Decks with U-ribs in Wufengshan Bridge in Wuhan. Cheng
Jiging, aresearcher of China Academy of Railway Sciences, acted
as the panel leader, and the panel members included experts
from China Railway Major Bridge Reconnaissance Design Institute
Co., Ltd., China Railway Major Bridge Engineering Group Co., Ltd,
China Railway Jiujiang Bridge Engineering Co., Ltd, China Railway
BaojiBridge (Yangzhou) Co., Ltd, Wuhan Guojian Testing Technology
Co., Ltd and Jiang Su Huning Steel Mechanism Co.,Ltd. The panel
has approved the project, and agreed that the realization of 100%
penetration welding for U-ribs is not anly valuable for the research
in Wufengshan Bridge, but also significant for improving Chinese
steel bridge construction level.

AENAFEZ BHER U2 EERERANR
FHRETHEEERERD

2017 4E8 A 25 H, LiptERM RS E TRR ORI ER
AT CESULOCHFES R U i SR RIe e e A Fl M S T Rirw e,
RN R R R R AT PR AT, PERIEREH
TP RIUKAMERGARAT . PR TETHRAT. T8EF (M)
frmAn., REEERRNEATREAR . IXPTHERETRATSAE AR
AeEenTal. SUERYEY (E0ME) . TREWHT AL KRE
LR RN ATATEARSIINH, ST RBRRFERIT.

L e ARAE, AT SR,
= T EHHECRRAE T, WA EEMA. UBamSnieNoRm e,
RATHEI
= FILIES R U B S B DU e L TR IR A BT AT (B,
AT SR AP ARG AT AR EEE N
M. w#il
€1 sRa i S PBLUT ATRa L, SRR F NS
BWFE R
(2) EREFERASIFRITE, WEXRERNSER,
C3) M —FRRO U R T B R R .

GRAME :V?\ ){/5
o"-—".:?l ?

ERAGAEL

Expert Visit and Comment

HIXBUKIAHEFRLATUNLBEERRA >>

Technical visit of Wuhan Qingshan Yangtze River Bridge project personnel for 100% welding of U-ribs.

R LKXFERLBUMNEBBIRERA >>

Technical visit of Wufengshan Bridge project personnel for 100% welding of U-ribs.

BHEARRAHMEFRLABUNSIBEIRERA >>

Technical visit of Yichang Wujiagang Bridge project personnel for 100% welding of U-ribs.

18
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Expert Visit and Comment

FENEERAEE I ILIEF—TEELEUMSRBIRERA >>

Chief engineer Dai Lixian and his party from China Construction Steel Structure Corp. Ltd. visited Tiangao
for 100% welding of U-ribs.

WILE BRI R S TRIMKSESF—TERLFUERBIRERA >>

Vice chief engineer Zhang Wei and his party from Hubei Provincial Communications Planning and Design
Institute visited Tiangao for 100% welding of U-ribs.

HILERERAEFR S IEMBEREE—TERLEUIEREEERA >>

Vice chief engineer Pei Bingzhi and his party from Hubei Provincial Communications Investment Group Co., Ltd.
visited Tiangao for 100% welding of U-ribs.

RBAGYDY, 0k,
Bhtto BT, BR@H 9,
L DHBREREAHRBEEZ D/
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