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Fabrication and Erection Technique of Extremely Heavy Steel Structure for Highrise

Buildhing, Shenzhen Development Center, China
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Synopsis :

Heavy steel members up to 130-mm thick were used for a highrise building called ~
Shenzhen Development Center" constructed in China. As it was made necessary to
apply high welding techniques to the fabrication and field welding of such heavy steels,
weld experiments were performed and the results were applied to the construction of
this project. The results obtained are as follows: (1) Newly developed one-pass method of
two-electrode , consumablenozzle electro-slag(CES) welding was adopted to the
fabrication of girder-to-column connection of the box-section columns, so as to shorten
the fabrication period. (2) Before starting the erection work, welding procedure tests
using real-size models of field connections were performed in order to secure the
erection accuracy and to establish such welding procedure specifications for obtaining
sound site welding. (3) Thus, without any trouble, all steel works were smoothly

completed in May 1987.
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Fabrication and Erection Technique of Extremely
Heavy Steel Structure for Highrise Building,

Shenzhen Development Center, China
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Synopsis:

Heavy steel members up to 330-mm thick were used for a highrise
building called ‘*Shenzhen Development Center’’ constructed in
China.

i0 the {abrication and field welding of such heavy steels, weld experi-

As it was made necessary to apply high welding techniques

ments were performed and the resuits were applied to the construc-

tion of this project. The results obtained are as follows:

{1) Newly developed one-pass method of two-electrode, consum-
able-nozzie electro-slag {CES) welding was adopted to the fabrica-
tion of girder-to-column connection of the box-section ¢olumns,
$0 as to shorten the fabrication period.

(2) Before starting the erection work, welding procedure tests using
real-size models of field connections were performed in order to
secure the erection accuracy and to establish such welding pro-
cedure specifications [or obtaining sound site welding.

(3) Thus, without any trouble, all steel works were smoothly
completed in May 1987.
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Table 1 Qutline of Shenzhen Development Center Building

Client
Basic design

Shen Han Enterprise LTD,
CRRS Corporation (U.5.A.)

Watson Architectual & Engineering Design-
ing Consultants

Structural design

Constructor China Construction 3rd Division 1st Company
Use Hotel, office, exhibition hall, ete.

Floors 1B+41F, heliport (roof top)

Height =160 m

Structure Steel frame+reinforced concrete load bearing

Steel frame weight

Structural steel
specification

Maximum plate
thickness

Steel fabrication

wall
=10500t
ASTM AS572 Gr. 42, 50

Column 130 mm, girder 127 mm

Kuwasaki Steel Corp. (Yokogawa Bridge
‘Works LTD., Komai Bridge & Stee] Engi-
tll,?;gn)g Inc., and Shikoku Iron Works Co.,

=40 }

Fig. 1 TFypical floor plan
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Table 2 Standard procedure specification of CES welding for
column-girder connection

=2 ’1/ Copper shoe
~<5___T_

insert

Joint detail (mm)

N electrode

Welding condition of both

electrodes
Welding current 430A ~550A
Welding voltage 3TV ~40V

Wire KW-50C, 3.2 mmg¢
KU-1000, 12 mm¢

KF-108

Consumable nozzle

Flux

Photo 1 An example of mucre-etch specimen of CES weldmg
crack test
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Fig. 3 Crack test specimen of CES welding
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Table 3 Mechanical property of CES welded joint

Photo 2 Two wire CES welding for column-to-girder connec-

lenalon test for deposite mf:tal"‘l Fension test for welded butt joint*2

YS (MPa) TS (MPa) } El (%)

V- notch charpy Jmp'!.ct test*”, vEy (D)

Weld metal ‘ Fusion line } HAZ

Base metal

TS (MPa) ! Location of fracture
|

451 590 ‘ 26 485 i base metal

79 ‘ 45 ‘ 56

115

- ® Test pi-ece: JIS Z3111-A2 *2 Test piece: JIS Z3121-1
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# Location: #/4 (Test piece: JIS Z2202-4)
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Fig. 4 Types of field connection



BBy A [N LRERAL | st o Tee S oreth » ST Hilr 333

Table 4 ‘Type and number of field connection

Connection ' Shape of member Steel grade Plate thickness {mm) Penetration’*! Ne. of field connection
Col o col 0o, H A572 Gr. 42 64-130 FP or PP 268
olumn fo Cotnmi H A572 Gr. 50 18.1-124.7 PP 111
Gird 4 o, 0O A572 Gr. 42 75,127 (F)-75, 64 (W) FP 128
wrder to girder H A572 Ge. 50 40-75 FP az
Column to girder H Ab72 Gr. 50 13-43 FP 21200
#1 FP: Full penetration PP: Partial penetration
(o) - (mm}
. 800 1000 800 1000 <2 915 5
970 il ~ oty b &
970 100 100 - - 4 \L VT v C—r—
100 100 - IR - 1 .
g = < 64_\ Al84 8
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— Fig. 8 Test specimen of girder-to-girder connection
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Table 5 Test results of chemical composition and mechanical property of base mmetal
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Fig. 7 Welding process of column-to-column connection
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Plate i Chemical composition (%5) Tension test
Specification | thickness - o Notes
(mm) C Si Mn P S Nb YS TS El
(MPa) (MPa) (%)
| 100 0.13 0.34 1.26 0.017  0.005 0.012 333 493 36 | O-column skin plate
ASTM AST2 1 497 013 0.31 1.20  0.020 0.005 0.011 292 485 33 irder fl
Gr. 42 2 . . .2 .02 . . : 2 o I -girder flange
64 0.13 0.34 1.27 0.018 0.014 0.015 310 499 36 | I-girder web
Requirement >38.1 <0.21 0.15~0.40 <1.35 <0.04 <0.05 0.005~0.05 =280 >dl4 >20 Type-1
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Photo 3 An example of lack of fusion at groove face of upper

column
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Fig. 8 Laying process of weld beads for column-to-column
connection
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Fig. 9 Shrinkage Al due to welding of column-to-column con-
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Photo 4 Girder lower flange welding
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Fig. 11 Shrinkage due to welding of girder-to-girder con-
nection

4.2 IREWMBOWBIEH

SEOBSHECRIRLE HI0AOBEBTIYREEL T,
G AR ORISR, Lt GMAW oW TR T 0 ER
T EAL IV, S DR, BEENE - EEIRE0AD
BETY HAECKVTHEY, IS, SHiE, To 104558
Ericy, PECEGTE OBEETORFLYERL, GMAWE
EHEEOTHRYE - .

BB OBEERERT, BEL2ACIIREE0EATH
55h ($F/E 130 mm, HEMEHER B 200ke/BE4), FHF#EL2
AR InE, 7 AWNHOREBOEERH B0 (77 v oiRE 127
mm, ¥EERBEEES 150kefEE) &, T TR L 5.
BEHRSOBMEE T, SFHoREYELSOMELED, {F
FohifE R BEY S D, o TRESTISAREES
RBEC, BEOBRIEEYTICLE LTz, CO®, 1B3HE
#OTHEY &b, SHULFHETRELBRT 2 A, WIrES
24, THT 44 (CARREORECHA LT L DEE PO
R DF 9B TR L.

Photo 5 ikt & 0B & ROBEBEERNK YR T,

4.3 BBBAMORLIARF &BBEERME

BB cR oS, RIBOESFOBTIHFC LY, &
B2 R CRE TR IRERE T 5, Wi, B
HEOBTIEFG, TR bR~ E, BiRciEsbh T O,
TOEE, BEROESOBEECIARMARCREAER L L
T, TR R OESHPEE SR TS TR ORI, Fig
12 (=) iRt L s i@t okt lrE Lo itk
Be chiCH L, ¥EEOHEEOH T L OR L ROBEES T
5rahud, Fig l2b) ok sclBoBE&iind i b evviE
EORBTHD, TOLIREMIBEAEE TRV LT,
cDCEah, o TORBRECHEENH OEBSmICEECT
DGRBS v L5, FESHOETEFIIESED
i, Thbb, Fig. BoRTLo%RE L.

FEREC I T 0T, BEFOEEGIC L IBEE O
L, BrBoBST L HREORAR LU N R oBhAE
Teb DTH D, HidOEREEERFHERCIS X, FFTOTiL
BHHHUw 2mm OEELOITEY THRFTL L&, BBTOD

— 85 —

]
: : Shrinlage
T due to
g'=( welding
I (&)
[
L
bz
P! I
| [
A
/o o
Stress || | : I
(o) WA

{a) In case of girder-to-

{b) TIn case of column-to-

girder welding after column welding after

column-to-column girder-to-girder
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Photo 6 View of steel structure under construction
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