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Fundamental Researches on the Welded joint of High Carbon steel (Report 3)

—On the Impact Properties in Weld Heat-affected Zone of Rail—

Teruaki sato and Kiyokazu ToMOMOTO

(Received April 26 ,1977)

The authors previously reported the impact properties and the fatigue properties of simulated welded-heat

affected zone of the welded joint of high carbon steel in Report 1 and Report 2. The correlations among the

heat treatment temperature, the sorbitic and pearlitic micro-structure, the grain size, the testing temperature

and the notch toughness were reported by using high carbon rail steel.

In the present report, the impact properties of the heat affected zone of as-rolled rail which was welded

by means of enclosed arc welding in the same way as in field welding were investigated. It was clarified that

the impact properties become better as the structure becomes finer and that the fractured surface of charpy

impact test specimen shows the brittle fracture at the testing temperatures below the normal temperature.
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Table 1 Chemical Compositions and Mechanical Properties of the test material

Chemical Compositions (%)

Mechanical Properties %

Ttems c Si Mn ‘ P S ( Cu } Ni Cr
Rail 0.68 0.14 0.83 0.012 0.036 0.16 0.03 0.04
(As Recieved)
JIS. JRS 0.60 0.10 0.70
50kg, 60kg ~ ~ ~ =0.035 | =0.040 — — —
Rail standard 0.75 0.30 1.10
Pi,o_ifo ?21%55 Tensile stzfength Elongation R(«)at(_ilxzrtggn Hardness
(kg/mm?2) (kg/mm2) (% (%) (Hge)
46.3 86.2 16.3 22.2 23.8
46.0 85.9 14.8 23.1 23.5
— =80 =8 — —
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I ZBHSER% Table 2 [ RT L D AEMICTHEELL °C

Table 2 Summary of welding Condition

Process

Comments

1 Setting up

N

Adjustment of root opening

3 Preparation of Groove

4 Drying of Welding rods

5 Preparation of welding machine

6 Preheating

7 Flange welding

8 Taking away of slag
9 Preparation of enclosed welding

10 Enclosed welding

11 Removal of strapped equipment

12 Post-heating

13 Cooling

Setting up of rail material on a base for rail fixing.
Adjusting root opening from 15mm to 17mm by a scale
Groove is cleaned by using a wire brush and a portion of butt is
straightened
Welding rods are preheated in a furnace for 1hour at 400°C and dried
in a air bath for 5 hours at 100°C.

sort of welding rod: LB116 ¢4, $5x 400

LB8OE ¢5x 450

Using 115 amp.
Rails are preheated by using an electric furnace and a gas burner

Temperature of a furnace . 600°C
Holding time time : 20minutes
Temperature of rail surface : 570-580°C

At a rail surface temperature of 400 to 500°C first layer is welded by
a welding rod of LB116 ¢4.

After the slag is taken away, the flange portion is welded at a current
of 190 Amp. by using LB116 ¢5.

The slag is taken away carefully after welding of the flange portion.
As shown in photo 1,a strapped cooling equipment of copper is set to
the side of a rail. welding current; 220A

Rails are welded at a single heat to a part of head by using welding
rods LB80OE ¢5.

Welding rods are changed quickly in order to exclude the slag, and the
slag is take away from a space between the rail and strap.

After enclosed welding strapped equipment is removed quickly

An electric furnace is placed on rails and gas burners are ignited and
the rails are kept for 30 minutes at 600°C like preheating

Cooled until 400°C in a furnace and then air cooled

14

Welding heat,
input

Condition Current Voltage Time Section area Heat input
Flange welding 185A 30V 825 sec 24.5cm2 {1.9%105J/cm2
Enclosed welding 220A 3BV 1015 sec 32.0cm2 | 2.4x105]/cm2
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Table 3 Chemical Composition and Mechanical
Properties of Welding rods

Chemical Composition (%
Mechanical Properties of Welding rods

Items C|Si |Mn| P S Ni | Cr |Mo

LB116 0.07,0.631.45/ 0.009; 0.006/1.81)0.26/0.44

LBSOE 0.060.46/1.40, 0.008| 0.007/1.78/0.53/0.36

. . Tensile . 3¢ Charpy
Yield Point Strength Elongation Impact Vale
(kg/mm?) | (kg/mm?2) (%) (kg-m)
74 85 24 12
— 88 21 —

¢ —5°C, 2mm Vnotch
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Table 4 Summary of charpy Impact Test Resulis (kg-m/cm2)

Location As Weld 3mm Smm 10mm 15mm 20mm 25mm 3mem
. from from from from from from rom
Recieved | Metal Bond Bonded | Bonded | Bonded | Bonded | Bonded | Bonded | Bonded
ecleve cta Part Part Part Part Part Part Part
1.0 1.0 0.8 0.9 0.9 1.0 0.9 0.9 0.9 0.9
—30 100 7 7A.D 5 50.8) 5°7(0.8)] (0.9 77 (L.O)| {511 ;7 g(0.9)] 4°5(0.9) 57(0.9)
0.9 1.4 0.7 0.7 0.9 1.1 1.1 0.7 0.9 1.1
o |9%a.0 1Eta.m i) 0.8 )09 g s 370920 30
1.0 1.8 0.7 0.8 0.7 1.0 1.4 1.0 1.0 1.0
20 11D 17919 §79(0.8) 175(0.8) {75 (1.0)| 1'g(1.4)| 177 (1.3)) 577 (0.9)) 174 (1.0)) 777 (1.1)
1.1 2.7 0.9 0.9 1.3 1.5 ‘1.9 0.7 1.0 1.4
50 1.2(1.2) 1.6<2'2) 0‘9(0.9) 0.8(0'9) 1.2(1.3) 1_4(1.5) 1.8(1'9) 1.0(0.9) 0 7(0.9) 1.2(1.3)
1.2 2.7 1.4 1.2 2.2 3.5 4.2 1.5 1.4 1.5
100 1614 379(.3) 1310 7509 151.9 3032|369 113 1.5(1.5) 1_5(1.5)
2.4 5.1 2.4 2.7 3.8 5.0 5.0 2.9 2.4 2.4
130 1'9(2.2) 5'3(5.2) 1.8(2'1) 2_7(2.7) 3‘1(3.5) 4‘9(5.0) 4.8<4'9> 2_4(2.7) 2_4(2.4) 2_3(2.4)
3.6 5.5 2.3 3.5 5.5 5.1 5.5 3.8 4.1 3.6
150 303D 57961 5522 ;4.0 5 5(5.5) 23(6.2)| 5'2(5.5) ;' 7(4.0) 5';B.1) 375(3.4)
5.1 7.2 1.9 5.0 6.1 6.9 6.6 5.9 4.5 4.8
200 506D 6.6 6.9 5321 ;'a(4.9) £5(6.0)| g7g(6.9) 5", (6.5) 5155 434D 161D
4.5 5.9 2.2 4.2 5.9 5.6 5.8 4.5 4.4 4.8
250 4 54.5) 6.36.1 179(2.1) 5 (4.3)] £-](6.0) g'3(6.0) 5'5(5.7) 5 g(5.3) 49D 4 7(4.8)
( ):Mean
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(100% Brittle) (100% Shear)

(As Recieved)

Photo 4 Fractography of charpy impact specimen
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Table 5 Brttle Fracture (%)
Location 3mm S5mm 10mm 15mm 20mm 25mm 30mm
As Weld ¥ K £ r:
Bond Tom rom rom from from from rom
Recieved | Metal Bonded | Bonded | Bonded | Bonded | Bonded | Bonded | Bonded
eclev: Part Part Part Part Part Part Part
—30 100 100 100 100 100 100 100 100 100 100
0 100 100 100 100 100 100 100 100 100 100
20 100 100 100 100 100 100 100 100 100 100
50 100 90 100 100 100 100 90 100 100 95
100 80 65 90 90 90 90 70 90 90 85
130 60 5 50 65 45 20 45 60 60 65
150 30 0 25 30 0 0 40 35 40 35
200 0 0 0 0 0 0 0 0 0 0
250 0 0 0 0 0 0 0 0 0 0
Table 6 Summary of Results on Charpy Impact
Ttems Transition Temperature
. Max, Impact| Min, Impact ,-\150 B
Log?tll\&r&h Value Value vTrl0 vTrs s ° /O—O'O\o/o OO0
(kgm/cm?) | (kgm/cm2) e 49) ?:; . i o ot
As Recieved 5.0 1.0 114 135 %’-,100 B ,n' \ {
o3 ' \ H
Weld Metal 6.9 1.1 20 112 & PN
5501 l” '\‘~ ’
Bond 2.2 0.8 116 135 2 J Y o==Trs
3 F 2 é o==yTri0
o m T e 0.8 110 w  f . S
Emm from R~ -10%=5 0 5 10 15 20 25 30
Bonded Part 6.0 0.9 0 130 weld Metal(—B—oﬁnd)
10mm from 6.9 1.0 57 192 Distance from Bonded Part (mm)
Bonded Part i : Fig.7 The relation between Transition
é?)r;ﬁl; df?anrlt 6.5 1.1 43 128 Temperature and Distance from
SOmm fro Weld Bond
Bonded Part 5.5 0.9 110 135
25mm from
Bonded Part 4.7 0.9 mn 135 o8t oMasimumimpadvaue
£ oMini [ tyal
Somm from 4.8 0.9 110 135 L7t a nimumimpactyslie
| !/0\ N\
e » 5 I "% Sfoo° c\o‘a—
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