
BEML LIMITED 
(A Govt. of India Mini Rathna Company under Ministry of Defence) 
BEML Soudha, 23/1, 4th Main Road, SR Nagar, Bangalore 560 027. 

Phone 080-22963179 email: tirthabharati.samal@bemlltd.in  

____________________________________________________________________________ 
EOI Ref: BEML/CMRM/ROUND & BAR      Date: 09/10/2024 
 
EOI (Expression of Interest) is invited from steel suppliers for the items as shown at table below:- 
Sl 
No. 

Stock No. FAMILY 
GRADE/Nearest grade 
(normalised condition) 

DIA 
CUT/ 

SUPPLY 
LENGTH 

Unit Qty 

        MM MM   (approx.)  
1 460TMB0098 ROUND 16Mn5Cr4; IS4432 36 Std 5~7 Mtr  Kg 9387 
2 701ZZB0017 ROUND 709M40 32 Std 5~7 Mtr  Kg 438 
3 701ZZB0025 ROUND 709M40 36 Std 5~7 Mtr  Kg 141 
4 701ZZB0033 ROUND 709M40 75 Std 5~7 Mtr  Kg 420 
5 11Z9910024 ROUND AISI/KC1085- sph. anneal 60 Std 5~7 Mtr  No 98 
6 30Z9910117 ROUND AISI/KC1085- sph. anneal 70 Std 5~7 Mtr  No 145 
7 41Z9900026 ROUND AISI/KC1085- sph. anneal 70 Std 5~7 Mtr  No 80 
8 51Z9910212 ROUND AISI/KC1085- sph. anneal 80 Std 5~7 Mtr  No 199 
9 225RSB9768 ROUND AISI420 (En 56B) 56 Std 5~7 Mtr  Kg 90797 

10 C100108006 ROUND C1001-08 IS2062 gr B 6 Std 5~7 Mtr  Kg 103 
11 C100108008 ROUND C1001-08 8 Std 5~7 Mtr  Kg 104 
12 C100108010 ROUND C1001-08 10 Std 5~7 Mtr  Kg 355 
13 C100108012 ROUND C1001-08 12 Std 5~7 Mtr  Kg 678 
14 C100108016 ROUND C1001-08 16 Std 5~7 Mtr  Kg 383 
15 C100108020 ROUND C1001-08 20 Std 5~7 Mtr  Kg 218 
16 C100108022 ROUND C1001-08 22 Std 5~7 Mtr  Kg 26 
17 C100108025 ROUND C1001-08 25 Std 5~7 Mtr  Kg 846 
18 C100108028 ROUND C1001-08 28 Std 5~7 Mtr  Kg 13 
19 C100108032 ROUND C1001-08 32 Std 5~7 Mtr  Kg 199 
20 C100108036 ROUND C1001-08 36 Std 5~7 Mtr  Kg 117 
21 C100108040 ROUND C1001-08 40 Std 5~7 Mtr  Kg 275 
22 C100108045 ROUND C1001-08 45 Std 5~7 Mtr  Kg 262 
23 C100108050 ROUND C1001-08 50 7250 Kg 4630 
24 C100108056 ROUND C1001-08 56 Std 5~7 Mtr  Kg 45 
25 C100108063 ROUND C1001-08 63 Std 5~7 Mtr  Kg 196 
26 C100108070 ROUND C1001-08 70 Std 5~7 Mtr  Kg 1900 
27 C100108075 ROUND C1001-08 75 Std 5~7 Mtr  Kg 4130 
28 C100108080 ROUND C1001-08 80 Std 5~7 Mtr  Kg 721 
29 C100108085 ROUND C1001-08 85 Std 5~7 Mtr  Kg 15 
30 C100108090 ROUND C1001-08 90 Std 5~7 Mtr  Kg 662 
31 C100108100 ROUND C1001-08 100 Std 5~7 Mtr  Kg 1072 
32 C100108110 ROUND C1001-08 110 Std 5~7 Mtr  Kg 1629 
33 C100108120 ROUND C1001-08 120 Std 5~7 Mtr  Kg 1358 
34 C100108160 ROUND C1001-08 160 Std 5~7 Mtr  Kg 1793 
35 C100109120 ROUND C1001-09 120 Std 5~7 Mtr  Kg 178 
36 C100109140 ROUND C1001-09 140 Std 5~7 Mtr  Kg 4130 
37 C100109150 ROUND C1001-09 150 Std 5~7 Mtr  Kg 2142 
38 C100109160 ROUND C1001-09 160 Std 5~7 Mtr  Kg 2999 
39 C100109175 ROUND C1001-09 175 Std 5~7 Mtr  Kg 355 
40 C100109200 ROUND C1001-09 200 Std 5~7 Mtr  Kg 576 
41 C100111012 SQUARE C1001-11 12 Std 5~7 Mtr  Kg 7858 
42 C100111016 SQUARE C1001-11 16 Std 5~7 Mtr  Kg 73 
43 C100111020 SQUARE C1001-11 20 Std 5~7 Mtr  Kg 92 
44 C100111025 SQUARE C1001-11 25 Std 5~7 Mtr  Kg 75 
45 C100111032 SQUARE C1001-11 32 Std 5~7 Mtr  Kg 271 
46 C100111040 SQUARE C1001-11 40 Std 5~7 Mtr  Kg 844 



47 C100111050 SQUARE C1001-11 50 Std 5~7 Mtr  Kg 5679 
48 C100111063 SQUARE C1001-11 63 1580 Kg 1446 
49 C100111100 SQUARE C1001-11 100 Std 5~7 Mtr  Kg 3020 
50 C100288009 SQUARE C1002-88/ IS2062E410C 100X100 3500 Kg 109 
51 C100288010 SQUARE C1002-88 100X100 4200 Kg 103 
52 2AR056004500 ROUND C1101 56 4500 Kg 6447 
53 2AR070004100 ROUND C1101 70 4100 Kg 4104 
54 2AR070004700 ROUND C1101 70 4700 Kg 1271 
55 2AR080005300 ROUND C1101 80 5300 Kg 12275 
56 2AR100005400 ROUND C1101 100 5400 Kg 20406 
57 C110108008 ROUND C1101-08 /CK45 8 Std 5~7 Mtr  Kg 20 
58 C110108012 ROUND C1101-08 12 Std 5~7 Mtr  Kg 21 
59 C110108016 ROUND C1101-08 16 Std 5~7 Mtr  Kg 455 
60 C110108018 ROUND C1101-08 18 Std 5~7 Mtr  Kg 764 
61 C110108020 ROUND C1101-08 20 Std 5~7 Mtr  Kg 33 
62 C110108025 ROUND C1101-08 25 Std 5~7 Mtr  Kg 910 
63 C110108032 ROUND C1101-08 32 Std 5~7 Mtr  Kg 239 
64 C110108036 ROUND C1101-08 36 Std 5~7 Mtr  Kg 971 
65 C110108040 ROUND C1101-08 40 Std 5~7 Mtr  Kg 6737 
66 C110108045 ROUND C1101-08 45 Std 5~7 Mtr  Kg 3201 
67 C110108050 ROUND C1101-08 50 Std 5~7 Mtr  Kg 715 
68 C110108056 ROUND C1101-08 56 Std 5~7 Mtr  Kg 6301 
69 C110108060 ROUND C1101-08 60 Std 5~7 Mtr  Kg 38 
70 C110108063 ROUND C1101-08 63 Std 5~7 Mtr  Kg 3930 
71 C110108070 ROUND C1101-08 70 Std 5~7 Mtr  Kg 5751 
72 C110108075 ROUND C1101-08 75 Std 5~7 Mtr  Kg 1243 
73 C110108080 ROUND C1101-08 80 Std 5~7 Mtr  Kg 14162 
74 C110108085 ROUND C1101-08 85 Std 5~7 Mtr  Kg 19752 
75 C110108090 ROUND C1101-08 90 Std 5~7 Mtr  Kg 2529 
76 C110108100 ROUND C1101-08 100 Std 5~7 Mtr  Kg 19550 
77 C110108110 ROUND C1101-08 110 Std 5~7 Mtr  Kg 998 
78 C110108120 ROUND C1101-08 120 Std 5~7 Mtr  Kg 4089 
79 C110108140 ROUND C1101-08 140 Std 5~7 Mtr  Kg 170 
80 C110109125 ROUND C1101-09 125 Std 5~7 Mtr  Kg 2554 
81 C110109140 ROUND C1101-09 140 Std 5~7 Mtr  Kg 2024 
82 C110109150 ROUND C1101-09 150 Std 5~7 Mtr  Kg 2069 
83 C110109160 ROUND C1101-09 160 Std 5~7 Mtr  Kg 875 
84 C110109170 ROUND C1101-09 170 Std 5~7 Mtr  Kg 2451 
85 C110109180 ROUND C1101-09 180 Std 5~7 Mtr  Kg 673 
86 C110109200 ROUND C1101-09 200 Std 5~7 Mtr  Kg 2983 
87 C110109210 ROUND C1101-09 210 Std 5~7 Mtr  Kg 2612 
88 C110109240 ROUND C1101-09 240 Std 5~7 Mtr  Kg 3069 
89 C110109270 ROUND C1101-09 270 Std 5~7 Mtr  Kg 4829 
90 C110111020 SQUARE C1101-11 20 Std 5~7 Mtr  Kg 9 
91 C120408025 ROUND C1204-08/SAE8620H 25 Std 5~7 Mtr  Kg 179 
92 C120408028 ROUND C1204-08 28 Std 5~7 Mtr  Kg 14 
93 C120408032 ROUND C1204-08 32 Std 5~7 Mtr  Kg 37 
94 C120408036 ROUND C1204-08 36 Std 5~7 Mtr  Kg 142 
95 C120408040 ROUND C1204-08 40 Std 5~7 Mtr  Kg 214 
96 C120408045 ROUND C1204-08 45 Std 5~7 Mtr  Kg 4304 
97 C120408056 ROUND C1204-08 56 Std 5~7 Mtr  Kg 405 
98 C120408063 ROUND C1204-08 63 Std 5~7 Mtr  Kg 1474 
99 C120408070 ROUND C1204-08 70 Std 5~7 Mtr  Kg 234 

100 C120408080 ROUND C1204-08 80 Std 5~7 Mtr  Kg 185 
101 C120408090 ROUND C1204-08 90 Std 5~7 Mtr  Kg 586 
102 C120408100 ROUND C1204-08 100 Std 5~7 Mtr  Kg 253 
103 C120408120 ROUND C1204-08 120 Std 5~7 Mtr  Kg 70 
104 C120408125 ROUND C1204-08 125 Std 5~7 Mtr  Kg 1147 



105 C120409125 ROUND C1204-09 125 Std 5~7 Mtr  Kg 178 
106 C120409140 ROUND C1204-09 140 Std 5~7 Mtr  Kg 254 
107 C120409150 ROUND C1204-09 150 Std 5~7 Mtr  Kg 41 
108 C120409160 ROUND C1204-09 160 Std 5~7 Mtr  Kg 163 
109 C120508016 ROUND C1205-08/SAE4320H 16 Std 5~7 Mtr  Kg 82 
110 C120508032 ROUND C1205-08 32 Std 5~7 Mtr  Kg 21 
111 C120508045 ROUND C1205-08 45 Std 5~7 Mtr  Kg 166 
112 C120508050 ROUND C1205-08 50 Std 5~7 Mtr  Kg 1115 
113 C120508056 ROUND C1205-08 56 Std 5~7 Mtr  Kg 4957 
114 C120508060 ROUND C1205-08 60 Std 5~7 Mtr  Kg 1561 
115 C120508063 ROUND C1205-08 63 Std 5~7 Mtr  Kg 2566 
116 C120508080 ROUND C1205-08 80 Std 5~7 Mtr  Kg 556 
117 C120508090 ROUND C1205-08 90 Std 5~7 Mtr  Kg 5894 
118 C120508100 ROUND C1205-08 100 Std 5~7 Mtr  Kg 1693 
119 C120508125 ROUND C1205-08 125 Std 5~7 Mtr  Kg 73 
120 C120509110 ROUND C1205-09 110 Std 5~7 Mtr  Kg 995 
121 C120509120 ROUND C1205-09 120 Std 5~7 Mtr  Kg 245 
122 C120509125 ROUND C1205-09 125 Std 5~7 Mtr  Kg 4271 
123 C120509140 ROUND C1205-09 140 Std 5~7 Mtr  Kg 1349 
124 C120509150 ROUND C1205-09 150 Std 5~7 Mtr  Kg 496 
125 C120509160 ROUND C1205-09 160 Std 5~7 Mtr  Kg 2825 
126 C120509170 ROUND C1205-09 170 Std 5~7 Mtr  Kg 433 
127 C120509180 ROUND C1205-09 180 Std 5~7 Mtr  Kg 1944 
128 C120509200 ROUND C1205-09 200 Std 5~7 Mtr  Kg 2209 
129 C120509240 ROUND C1205-09 240 Std 5~7 Mtr  Kg 912 
130 C120509260 ROUND C1205-09 260 Std 5~7 Mtr  Kg 450 
131 C120509270 ROUND C1205-09 270 Std 5~7 Mtr  Kg 340 
132 C120509290 ROUND C1205-09 290 Std 5~7 Mtr  Kg 526 
133 2CR100004700 ROUND C1209/SAE4135H 0.1 4700 Kg 9944 
134 2CR056001775 ROUND C1209 56 1775 Kg 8340 
135 2CR056001970 ROUND C1209 56 1970 Kg 6263 
136 2CR063002300 ROUND C1209 63 2300 Kg 2972 
137 2CR110004000 ROUND C1209 110 4000 Kg 9543 
138 2CR120004200 ROUND C1209 120 4200 Kg 2610 
139 2CR125004600 ROUND C1209 125 4600 Kg 1139 
140 2CR140001990 ROUND C1209 140 1990 Kg 721 
141 2CR140002255 ROUND C1209 140 2255 Kg 2044 
142 181HCB9385 ROUND C1209 150 2700 Kg 2301 
143 2CR150002375 ROUND C1209 150 2375 Kg 2672 
144 2CR150002740 ROUND C1209 150 2740 Kg 2281 
145 181HCB9239 ROUND C1209 170 2610 Kg 3886 
146 181HCB9247 ROUND C1209 170 2540 Kg 2187 
147 181HCB9369 ROUND C1209 170 2645 Kg 1791 
148 2CR170002160 ROUND C1209 170 2160 Kg 9728 
149 2CR170002375 ROUND C1209 170 2375 Kg 2327 
150 2CR170002730 ROUND C1209 170 2730 Kg 13439 
151 2CR180002615 ROUND C1209 180 2615 Kg 10960 
152 181HCB9296 ROUND C1209 200 3250 Kg 3358 
153 C120908025 ROUND C1209-08 25 Std 5~7 Mtr  Kg 163 
154 C120908030 ROUND C1209-08 30 Std 5~7 Mtr  Kg 13251 
155 C120908040 ROUND C1209-08 40 Std 5~7 Mtr  Kg 941 
156 C120908045 ROUND C1209-08 45 Std 5~7 Mtr  Kg 0 
157 C120908050 ROUND C1209-08 50 Std 5~7 Mtr  Kg 2334 
158 C120908056 ROUND C1209-08 56 Std 5~7 Mtr  Kg 9807 
159 C120908063 ROUND C1209-08 63 Std 5~7 Mtr  Kg 34488 
160 C120908070 ROUND C1209-08 70 Std 5~7 Mtr  Kg 16573 
161 C120908075 ROUND C1209-08 75 Std 5~7 Mtr  Kg 2176 
162 C120908080 ROUND C1209-08 80 Std 5~7 Mtr  Kg 17465 



163 C120908085 ROUND C1209-08 85 Std 5~7 Mtr  Kg 5217 
164 C120908090 ROUND C1209-08 90 Std 5~7 Mtr  Kg 25575 
165 C120908100 ROUND C1209-08 100 Std 5~7 Mtr  Kg 43508 
166 C120908110 ROUND C1209-08 110 Std 5~7 Mtr  Kg 13077 
167 C120908120 ROUND C1209-08 120 Std 5~7 Mtr  Kg 28022 
168 C120908125 ROUND C1209-08 125 Std 5~7 Mtr  Kg 3732 
169 C120908130 ROUND C1209-08 130 Std 5~7 Mtr  Kg 1860 
170 C120908140 ROUND C1209-08 140 Std 5~7 Mtr  Kg 588 
171 C120908150 ROUND C1209-08 150 Std 5~7 Mtr  Kg 1188 
172 C120908170 ROUND C1209-08 170 Std 5~7 Mtr  Kg 600 
173 C120909125 ROUND C1209-09 125 Std 5~7 Mtr  Kg 989 
174 C120909130 ROUND C1209-09 130 Std 5~7 Mtr  Kg 481 
175 C120909140 ROUND C1209-09 140 Std 5~7 Mtr  Kg 18635 
176 C120909150 ROUND C1209-09 150 Std 5~7 Mtr  Kg 23539 
177 C120909170 ROUND C1209-09 170 Std 5~7 Mtr  Kg 14094 
178 C120909180 ROUND C1209-09 180 Std 5~7 Mtr  Kg 5083 
179 C120909200 ROUND C1209-09 200 2880 Kg 11576 
180 C120909260 ROUND C1209-09 260 Std 5~7 Mtr  Kg 842 
181 C121008045 ROUND C1210-08 / SAE4340H 45 Std 5~7 Mtr  Kg 282 
182 C121008063 ROUND C1210-08 63 Std 5~7 Mtr  Kg 412 
183 C121008065 ROUND C1210-08 65 Std 5~7 Mtr  Kg 105 
184 C121008080 ROUND C1210-08 80 Std 5~7 Mtr  Kg 211 
185 C121008090 ROUND C1210-08 90 Std 5~7 Mtr  Kg 22 
186 C121008120 ROUND C1210-08 120 Std 5~7 Mtr  Kg 146 
187 C121008200 ROUND C1210-08 200 Std 5~7 Mtr  Kg 123 
188 C121009090 ROUND C1210-09 90 Std 5~7 Mtr  Kg 14 
189 C121009140 ROUND C1210-09 140 Std 5~7 Mtr  Kg 138 
190 C121009160 ROUND C1210-09 160 Std 5~7 Mtr  Kg 280 
191 C121009180 ROUND C1210-09 180 Std 5~7 Mtr  Kg 664 
192 C121009240 ROUND C1210-09 240 Std 5~7 Mtr  Kg 71 
193 C121009310 ROUND C1210-09 310 Std 5~7 Mtr  Kg 271 
194 C121209100 ROUND C1212~09/SAE4140H 100 Std 5~7 Mtr  Kg 926 
195 C121209110 ROUND C1212~09 110 Std 5~7 Mtr  Kg 558 
196 C121209125 ROUND C1212~09 125 Std 5~7 Mtr  Kg 1556 
197 C121209140 ROUND C1212~09 140 Std 5~7 Mtr  Kg 2182 
198 C121209150 ROUND C1212~09 150 Std 5~7 Mtr  Kg 366 
199 C121209160 ROUND C1212~09 160 Std 5~7 Mtr  Kg 20 
200 C121209170 ROUND C1212~09 170 Std 5~7 Mtr  Kg 238 
201 C121209180 ROUND C1212~09 180 Std 5~7 Mtr  Kg 2362 
202 C121209200 ROUND C1212~09 200 Std 5~7 Mtr  Kg 469 
203 C121209210 ROUND C1212~09 210 Std 5~7 Mtr  Kg 136 
204 C121208032 ROUND C1212-08 32 Std 5~7 Mtr  Kg 2 
205 C121208045 ROUND C1212-08 45 Std 5~7 Mtr  Kg 964 
206 C121208050 ROUND C1212-08 50 Std 5~7 Mtr  Kg 303 
207 C121208056 ROUND C1212-08 56 Std 5~7 Mtr  Kg 330 
208 C121208063 ROUND C1212-08 63 Std 5~7 Mtr  Kg 2693 
209 C121208070 ROUND C1212-08 70 Std 5~7 Mtr  Kg 1450 
210 C121208075 ROUND C1212-08 75 Std 5~7 Mtr  Kg 726 
211 C121208080 ROUND C1212-08 80 Std 5~7 Mtr  Kg 1831 
212 C121208090 ROUND C1212-08 90 Std 5~7 Mtr  Kg 1122 
213 C121208100 ROUND C1212-08 100 Std 5~7 Mtr  Kg 2522 
214 C121508036 ROUND C1215-08/SAE4142RH 36 Std 5~7 Mtr  Kg 16 
215 C121508042 ROUND C1215-08 42 Std 5~7 Mtr  Kg 19435 
216 C121508050 ROUND C1215-08 50 Std 5~7 Mtr  Kg 28067 
217 C121508052 ROUND C1215-08 52 Std 5~7 Mtr  Kg 66724 
218 C121508060 ROUND C1215-08 60 Std 5~7 Mtr  Kg 101612 
219 C121508075 ROUND C1215-08 75 Std 5~7 Mtr  Kg 3390 
220 E150408085 ROUND E1504~08 / BORON 85 Std 5~7 Mtr  Kg 19442 



221 E150408100 ROUND E1504~08 100 1890 Kg 38535 
222 E150408110 ROUND E1504~08 110 Std 5~7 Mtr  Kg 14782 
223 701ZZB0041 ROUND EN39B 32 Std 5~7 Mtr  Kg 990 
224 2GR315001720 ROUND LW4130VD/4330VD 315 1720 Kg 15820 
225 701ZZB0066 ROUND SAE 5120H / SAE8620H 36 Std 5~7 Mtr  Kg 1236 
226 2GR210001075 ROUND SAE4130HVD 210 1075 Kg 73276 
 

# Supply should be in multiple of the cut length. 
 
 EOI publishing Date: 09/10/2024 
 EOI closing date: 08/11/2024 Time 5:00 PM (30 Days) 
 
 # Subject EOI to be submitted to email id: bemleoi@beml.co.in 
 
 
3. This tender is bound by all Government guidelines attached in the Tender document. 
 
For any clarification, point of contact is given below;  
Purushothama G  
Deputy General Manager – Corporate Materials  
BEML Limited  
Telephone: +91-80-22963179 
Mail Id:  purushothama.g@bemlltd.in 
               tirthabharati.samal@bemlltd.in 
 
4. Terms and conditions as per Annexure-A. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 



Terms & Conditions Annexure-A 

Sl. No. Particulars Terms 
Bidder 

Confirmation 
(Yes/No)  

Mandatory Terms & Conditions 

1 Material Grade 
As per the material (TDC/STD) indicated at table 
above. 

 

2 Quote 

Rate (F.O.R beml div inclusive gst)to be quoted as per 
tendering unit only. 
Quarterly Pricing based on index published in website 
like eaindusty.nic.in can be considered 

 

3 Delivery Terms 
F.o.R Beml. (KGF, Mysore, Palakkad,Bengaluru)  
EXW is not acceptable. 

 

4 Delivery Schedule Jan’2025 till Dec’ 2025  

5 Payment terms 

Payment terms is 60 days from receipt and acceptance 
of material / LC -90 days can be considered subject to 
approval by beml management. For MSME firms, as 
per MSME act. MSE vendors payment through TReDs. 
Advance payment terms are not acceptable. 

 

6 MOQ 
Buyer may quote MOQ, however, final qty is on BEML 
discretion. BEML reserves right for reduction in qty 
post tender. 

 

7 Local content   
Firm shall submit the local content 50% as per Make in 
India for Class I and 20% for Class II Supplier 

 

8 
Supplier  
Mill TC/ NABL TC   

EOI is invited only from OE/MILL Supplier. Bidder 
should submit Mill /LAB/ NABL TC. 
 

Mill should have testing facility to ensure supplies are 
as per BEML TDC. 
 
Stockist and traders are not eligible. 
 
In case agents are quoting mill authorisation is  
mandatory. Format MA is attached  
herewith. 
 

Only Class-1 Indian mills with ISO certification and 
quality management systems are eligible. In case of 
class-2 source vendor should disclose the raw material 
source and Indian works address where value addition 
is done. 

 

9 Supply condition 

Bidder should supply each size from one heat only and 
supply should be with both MILL and NABL TC. 
Mandatory.  
 
Vendors who do not have beml vendor code will be 
evaluated by visit of our quality assurance team and 
developmental order will be placed thorough a separate 
tender. Post allotment of permanent vendor code these 
vendors will be allowed to participate in beml regular 
tenders in GeM/SRM portal. 
 
Vendor having BEML Vendor Code need not to quote 
for this EOI. 

 



10 Deferent Clause 
PO is subject to deferment, re-scheduling, cancellation, 
Short / Pre-closure based on equipment sales order 

 

11 PBG 
Successful bidder should submit Bank Guarantee @ 5% 
of PO/ contract Value. 

 

    12 LD Clause  LD Applicable for late deliveries.  
13 Offer validity 90 days from tender opening date  

14 
PAST 
PERFORMANCE 

PO copies of Supplies to other PSUs  

Note: Invoice to be generated at delivery plant GST only.  
 
Bidder’s declaration         __________________ 

I hereby confirm to supply as per above terms & conditions.                                     Seal & Signature  



Disclosure to Promote the Right To Information

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 

इंटरनेट मानक

“!ान $ एक न' भारत का +नम-ण”
Satyanarayan Gangaram Pitroda

“Invent a New India Using Knowledge”

“प0रा1 को छोड न' 5 तरफ”
Jawaharlal Nehru

“Step Out From the Old to the New”

“जान1 का अ+धकार, जी1 का अ+धकार”
Mazdoor Kisan Shakti Sangathan

“The Right to Information, The Right to Live”

“!ान एक ऐसा खजाना > जो कभी च0राया नहB जा सकता है”
Bhartṛhari—Nītiśatakam

“Knowledge is such a treasure which cannot be stolen”

“Invent a New India Using Knowledge”

है”ह”ह

IS 4432 (1988): Case hardening steels [MTD 16: Alloy Steels
and Forgings]







I I

---- ---- ---

hdhn Standard
( Reaffirmed 1998)

SPECIFICATION FOR CASE HARDENING STEELS

(First Revision )

1. Scope - Covers tfre technical delivery requirements for wrought low carbon unalloyed and
*!loysd steel bars, billets, rods and finished forgings for csse-hardenhtg.

1.1 The $t@s are, in general, intended for forgings and fabrication of case-hardened machine Or

wtomobile parts.

1.2 Ca$e.har@ning of parta rnaans which are carburized or carbonitrided on their surface and
wbee~ently hardened to produce. a high degree Of f’tardrressin the surface zone, whilst the core
rneterie$is characterized by relatively good toughness.

2. supply of Material — General requirements relating to the supply of the material shall conform
to IS :1387-1967 ‘Genaral raquiremertts for the supply of metallurgical materials ( first revision)’.

2.1 While placing an order, the information to be given by the purcttaser is given in Appendix A.

L2 Steels covwed in this standard sha!l be ordered and delivered on any one of the following basis.

Requirements Types of Condit[orr of Delivery
——

‘A B C D E F G H~
Chemical composmtm Xxxx xxx xx

Hardness: Xx xxx xxx

Maximum val;y ss wrought

Maximum valufr~ as annealed/i-lT
or

Range, es treated for improved
machinability

Mechanical properties for simulated x xx
Case-hardened test bars

Grain size ( h4cQuaid Ehn ) x xx

f+ardertability x x

Cleanliness, in step-down test xx x
Note v — Other mode of dollvwie$, if jmtifiod by !!IS qualilv rsvirsmenlc ot the parts either for manufacturing or 10!

e~d-ws, can be SPBGMIY agraed to m the iima Gferxwiry and order.
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4. Freedom from Defects- The material shall be free from such surface and internal defects 
which may impair the forgeability of the steel and/or adversely influence the mechanical properties 
of the parts. 

The method of evaluation surface and internal defects and the allowable limits shall be mutually 
agreed to at the time of enquiry and order. 

4.1 Removal of surface defects, by appropriate means, shall be permitted provided that the remaining 
dimension after defects removal is not less than that specified at any point of the bar or billet, etc, 
and that the operation is not likely to affect the processing of the material. Removal of surface 
defects beyond this level may be permitted only on the approval of the purchaser. 

5. Chemical Composition -The ladle analysis of steel shall be as given in Table 1. The analysis 
of steel shall be carried out either by the method specified in IS : 228 ‘Methods for chemical analysis 
of steels ( issued in parts)’ and its relevant parts or any other established instrumental/chemical 
method. 

In case of dispute, the procedure given in IS : 228 and its relevant parts shall be the refree 
method. However, where the method is not given in IS : 228 and its relevant parts, the refree method 
shall be agreed to between the purchaser and the manufacturer. 

5.1 Steel, other than free cutting steel, in Table 1 can be ordered in combination of sulphur and 
phosphorus as below: 

Sulphor Phosphorus 

Limit 1 0.045 Max 0.045 Max 

Limit 2 0.020-0.035 0.035 Max 

Note - For grades specifying sulphur range according to Limit 2, a letter ‘S’ shall be added at the end of grade 
designation, for example, 20Mn5Cr5-S. 

6.2 Check Analysis -The check analysis shall be carried out on the finished product. The permissible 
variation of check analysis from the limits, specified in Table 1 and 5.1 shall be as given in Table 2. 

5.3 Elements not specified in Table 1 shall not be added to the steels except where agreed to 
other than for the purpose of finishing the heat, and shall not exceed the following limits, if present: 

Constituent Percent, Max 

Chromium 0.30 

Nickel 0.30 

Copper 0.25 

Vanadium 0.05 

Molybdenum 0.05 

Note 1 - All reasonable precautions shall be taken to prevent the addition, from scrap or other material used in 
manufacture, of such elements which affect the hardenability, mechanical properties and applicability. 

Note 2 - Trace elements ( Ni+Cr+Mo ) added together shall not exceed 0.50 percent. 

Note 3 - Cu+l O(Sn) in the steel shall not exceed 0.50 percent. 

6. Heat-Treatment - Recommended temperature for hot-working and heat-treatments aimed at 
controlling the hardness, machinability, shearability, etc, are given in Table 3 for guidance only. 

6.1 Conditions for heat treating test bars and treatment of the steels, in order to comply with the 
properties specified in Table 4, shall be as given in Table 5. 

6.2 Only steels with inherently fine grain structure may be subjected to single quench heat- 
treatment, provided the test bars comply with the mechanical properties specified in Table 4. 

7. Hardness 

7.1 The hardness requirements for steels delivered in the conditions ‘as-rolled’ (R ), ‘annealed to 
maximum hardness’ ( A), or ‘treated to improve machinability’ (M) shall be as in Table 6. 
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TABLE 1 CHEMICAL COMPOSITION OF CASE HARDENING STEELS 

w 

SI Steel 
No. Designation 

i) lOC4 

ii) 15C8 

iii) lOC8SlO 

iv) llClOS25 

v) 14c14s14 

vi) 15Cr3 

vii) 16Mn5Cr4 

viii) 20Mn5Cr5 

ix) 14CrNi6 

x) 15Ni5Cr4Mol 

xi) 15Ni7Cr4Mo2 

xii) 16Ni3Cr2 

xiii) 20Ni7Mo2 

xiv) 20Ni2Cr2Mo2 

xv) 20Ni7Cr2Mo2 

xvi) 13Ni13Cr3 

xvii) 21 Cr4Mo2 

( Clause 5 ) 

Constituents 
_-._-_---_____---____--- -_---_h_-------- __--_---___ --------7 

C 
Percent 

0.15 Max 

0~10-0’20 

0.15 Max 

0.08-O 18 

0’10-0’18 

0’12-0’18 

0.14-0’19 

0’17-0’22 

0.12-0’17 

0’12-0.18 

0*12-0.18 

0.12-0.20 

0.17-0’22 

0’18-0.23 

0.17-0.22 

0~10-0’15 

0.26 Max 

si 
Percent 

0’15-0’35 

0’15-0.35 

0’15-0’35 

0.1 o-o.35 

0.10-0.35 

0.15-0.35 

0’15-0’35 

0.15-0’35 

0’15-0.40 

0’15-0’35 

0.15-0’35 

0.15-0.35 

0.15-0.35 

0.15-0.35 

0’15-0.35 

0.15-0.35 

0.1 o-o.35 

Mn 
Percent 

0’30-0’60 

0’60-0.90 

0.60-0’90 

0.80- 1’20 

Ni 
Percent 

Cr 
Percent 

MO 
Percent 

- - 

- 

- 

- 

1.20-I ‘50 

0.40-0.60 

1.00-l .30 

1.00-I .40 

0.40-0.60 

0.60-I ‘00 

0.60-l .OO 

0.60-I .OO 

0.40-0.65 

0’70-0’90 

0.45-0.65 

0’40-0’70 

0’60-0.90 

- 

- 

- 

1‘40-1’70 

1~00-1’50 

1’5 -2.0 

0.60-I .OO 

1.65-2’00 

0.40-0.70 

1.65-2’00 

3.00-3.50 

- 

0.50-0.80 

0.80-I.10 

1.00-I .30 

1.40-1.70 

0’75-1.25 

0’75-1.25 

0.40-0.80 

- 

- 

0’08-0.15 

0’10-0~20 

S 
Percent 

0.045 Max 

0.036 Max 

0.08-0’13 

0’20-0’30 

0~10-0~18 

0.035 Max 

0.035 Max 

0.035 Max 

0.035 Max 

0.035 Max 

- 

- 

- 

0.40-0’60 

0.40-0.60 

0~60-1’00 

0.90-I ‘20 

0.20-0’30 

0’15-0.25 

0,20-0.30 

0’15-0.30 

0.035 Max 

0.035 Max 

0.035 Max 

0.036 Max 

0.035 Max 

0’035 Max 

0.035 Max 

P 
Percent 

0,045 Max 

0.035 Max 

0’035 Max 

0.045 Max 

0.045 Max 

0 035 Max 

0.035 Max 

0’035 Max 

0 035 Max 

0.035 Max 

0,035 Max 

0’035 Max 

0.035 Max 

0.035 Max 

0.035 Max 

0.036 Max 

0’035 Max 

Note 1 - For steels in SI No. vi-xv, sulphur and phosphorus range can also be ordered according to 5.2. When ordered as Limit 2 of 5.2, add a letter ‘S’ 
designation, for example, 16Mn5Cr4-S. 

Note 2 - Drop forging and case hardening are not generally recommended for high sulphur free cutting steel, for example, 1lClOS25. However, this 
users. The condition fully killed may not be applicable to these steel grades. 

Note 3 - In case of steel with guaranteed hardenability, minor variation in ladle analysis from this table is permissible. 

at the end of grade 

5 
is at the option of 

f 

Note 4 - Steel, when ordered according to chemistry only ( mode A delivery ), the product analysis is to be guaranteed according to this table in conjunction with Table 2. 
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TABLE 2 PERMISSIBLE VARIATION IN CHECK ANALYSIS 

( Clause 5.2 ) 

Element Permissible Content in Permissible Variation 
ladle Analysis in Product Analysis 

Percent Percent 

C GO.23 f0.02 

si GO.40 f0.03 

Mn g1*00 f0.04 

>l*OO---91.5 f0.06 

P (0.045 f0.005 

*S GO.045 fO.005 

Cr Q1’70 f0.05 

Ni <I.00 *0*03 

> l*OO-Q2.00 f0.05 

MO GO.30 f0.03 

Note 1 - Steel ordered with sulphor Limit 2 should not have less than 0.017 percent sulphur in the product, unless 
otherwise agreed. 

Note 2 - f means that in one cast the deviation may occur over the upper value or under the lower value of the 
specified range in Table 1 but not both at the same time. 

*For re-sulphurized steel grades, permissible variation in ‘S’ will be according to IS : 4431-1978 ‘Specification for 
carbon and carbon-manganese free-cutting steel ( first revision )‘. 

TABLE 3 RECOMMENDED TEMPERATURE OF ,HOT-WORKING AND HEAT-TREATMENT FOR CONTROLLING 
HARDNESS, MACHINABILITY SHEARABILITY, ETC 

SI Type of Full Annealing 
No. Steel (A) Ternrrature 

i) 
ii) 
iii) 
iv) 
v) 

vi) 

Vii) 
viii) 

ix) 

x) 
xi) 

xii) 

xiii) 
xiv) 
xv) 

xvi 

xvii) 

1 oc4 
15C8 : 
10c8s10 
llClOS25 r 
14~14~14 j 
15Cr3 

16Mn5Cr3 1 
20Mn5Cr5 > 
14CrNi6 J 

900-930 

880-910 

860-900 650-700 1 150-850 840-870 

15Ni5Cr4Mol] 
15Ni7Cr4Mo2 > 
16Ni3Cr2 J 

20Ni7Mo2 1 
20Ni12Cr2Mo2 > 
20N17CrMo2 J 

860-880 650-700 1 150-850 840-870 

860-880 650-700 1 150-850 840-870 

13Ni15Cr3 860-880 850-700 1 150-850 840-870 

21 Cr4Mo3 860-880 650-700 1 150-850 840-870 

( Clause 6 ) 

Specially Treated for Good Machinability (n/l) Hot-working Normalizing 
r--- -_-_-_h--__--_~ Temperature Temperature 
Sub-critical Anneal Isothermally transformed Range ‘C “C 
for Softening, “C 
After Normalizing 

Isothermajly transformed 

650-700 
‘to ferrite and pearlite 
structure without bainite 1 loo-850 880-910 

650-700 

as per respective trans- 
formation diagrams 

1 loo-850 880-910 

7.2 Maximum as-rolled hardness for steels for improved cold shearability or the range of hardness 
for improved machinability, if the values are different from those given in Table 6, shall be mutually 
agreed at the time of enquiry and order. 

7.3 Hardness values given in Table 6 shall be determined in accordance with IS : 1500-l 983 'Method 
for Brine11 hardness test for metallic materials (second revision)‘. 

8. Mechanical Properties 

8.1 If required, the mechanical properties of the reference test bars after simulated case hardening 
and tempering in accordance with Table 5 shall conform to the requirements given in Table 4. Values 
other than specified in Table 4 shall be mutually agreed at the time of enquiry and order. 
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TABLE 5 RECOMMENDED CONDITIONS FOR HEAT-TREATMENT FOR ACHIEVING PROPERTIES AS PER TABLE 4 IN ADDITION 
TO OTHER HEAT-TREATMENTS PERTAINING TO CASE-CARBURIZED STEELS 

SI Type of Steel 
No. 

i) lOC4 

ii) 15C8 
iii) IOCSSlO 
iv) llClOS25 J 

v) 14c14s14 
vi) 15Cr3 9 

J 
vii) 16Mn5Cr4 1 

viii) 20MnCr5 > 
ix) 14CrNi6 J 

x) 15Ni5Cr4Mol-j 
xi) 15Ni7Cr4Mo2 > 

xii) 16Ni3Cr2 J 

xiii) 20Ni7Mo2 1 
xiv) 20Ni2Cr2Mo2 > 
xv) 20Ni7Cr2Mo2 J 

xvi) 13Nil3Cr3 

- 

870f5 

870f5 

870f5 

870f5 

xvii) 21Cr4Mo2 870f5 

Jominy ( End 
Quench ) Test 

Quenching, 
OC 

Carburiring 
Temperature 

OC 

900-940 

900-940 

890-940 

890-940 

890-940 

890-940 

890-940 

890-940 

( Clauses 6.1 and 8.1 ) 

Direct and 
Single 

Hardening 
Tempera. 

ture *C 

830-860 

830-860 

820-850 

81 O-840 

81 O-840 

81 O-840 

81 O-840 

810-840 

Double Hardening 

r------ *---- __~ 

Core Harden- 
ing Tempera- 

ture “C 

880-900 

870-890 

870-890 

860-880 

840-880 

830-870 

860-880 

840-880 

Case Harden- 
ing Tempera- 

ture ‘C 

780-820 

780-820 

780-820 

790-830 

780-820 

780-820 

790-830 

780-820 

Quenching Media 

Water/Thermal-bath at 140-220°C 

Water/Thermal-bath at 140-220°C 

Oil/Water 

Oil/Thermal-bath/Poly Quench 

Oil/Thermal-bath/Poly Quench 

Oil/Thermal-bath/Poly Quench 

Oil/Thermal-bath/Poly Quench 

Oil/Thermal-bath/Poly Quench 

% 
Tempering 

00 

Temperature “C 

150-180 

150-l 80 

170-200 

170-200 

180-220 

1 SO-220 

1 SO-220 

180-220 

Note 1 - Thermal-bath also includes use of suitable salt baths. 

Note 2 - For direct and single quenched process, fully aluminium killed fine grained steel should be used. 

Note 3 - Temperature given in the table are for guidance, the actual temperatures choosen should be those that will give the required properties. 

Note 4 - If the steel is direct hardened, in general, a carburizing temperature of 940°C is not exceeded. 

Note 5 - Time for austenitizing. as a guide, can be taken as 45 minutes for 25 mm section and time for tempering, as a guide, can be taken as 1 h Min but preferably 90 minutes_ 

Note 6 _ The kind of quenching media depends on the shape of the product, cooling conditions, etc. 
mild quenching media. 

For control distortion, use lower hardening temperature with suitable 
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TABLE 6 HARDNESS REQUIREMENT FOR PRODUCTS DELIVERED IN AS-ROLLED 
CONDITION (R), ANNEALED (A), OR IMPROVED MACHINABILITY (M) 

( Clauses 7.1, 7.2 and 7.3 ) 

SI No. Type of Steel Brine11 Hardness ( HB ) in the Condition 
C-__-----------h___--___--_ 

M 

R ( Max ) A ( Max ) 
r__-_--h--___ 

Min Max 
i) lOC4 
ii) 15C8 

iii) lOC8SlO 7 

iv) ‘llClOS25 1 

- 

180 

131 

150 

so 

105 

145 

170 

vj 14~14~14 J 
vi) 15Cr3 202 174 120 180 
vii) 16Mn5Cr4 235 207 150 202 

viii) 20Mn5Cr5 249 217 160 210 
ix) 14CrNi6 235 217 160 210 
x) 15Ni5Cr4Mol 263 229 170 220 

xi) 15Ni7Cr4Mo 263 229 170 220 
xii) 16Ni3Cr2 249 207 150 202 
xiii) 20Ni7Mo2 249 217 160 210 
xiv) 2ONi2Cr2Mo2 249 217 170 220 
xv) 2ONi7Cr2Mo2 263 229 170 220 

xvi) 13Ni13Cr3 235 217 160 210 
xvii) 21 Cr4Mo2 249 217 170 210 

Note - For improved machinability, the steel should be heat-treated to a ferrite pearlite structure such as by Processes 
like isothermal annealing or nOrmalizing followed by subcritical tempering, if necessary, to temper down incidental bainite 
and also partially breakdown the dense Pearlite. 

8.2 The properties given in Table 4 shall be applicable to test bars taken on rounds in the direction 
of the rolling fibre, the axis of which corresponds to Fig. 1. 

>2tI 
CIRCULAR SECTION 

TENSliE TEST IMPACi TEST 
PIECE PIECE 

I 12-5-t-i 

RECTANGULAR SECTION 

All dimensions in millimetres. 

FIG. 1 LOCATION OF THE TEST PIECES IN THE PRODUCTS TO BE DELIVERED 
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8.3 For rectangular sections, the ranges for equivalent sections shall be as given in Fig. 2. 

WIDTH IN mm 

FIG. 2 APPLICABILITY OF THE VALUES, GIVEN IN TABLE 4 FOR ROUND SECTION, 
TO RECTANGULAR SECTION OF OIL OR WATER-QUENCHED PRODUCTS 

8.4 Methods for determining the mechanical properties specified in Table 4 shall be in accordance 
with IS : 1598-1977 ‘Method for izod impact test of metals (first revision )’ and IS : 1608-1972 
‘Method ior tensile testing of steel products ( first revision )‘. 

9. Grain Size 

9.1 Unless otherwise agresd, the steel when tested for grain size in accordance with IS : 2853-1964 
‘Method of determining austenitic grain size of steel’ shall show an austenitic McQuaid Ehn grain 
size in the range of 5 to 8 for inherently fine grained steels. 

9.1.1 Grain size outside the range of 5 to 8 may, however, be supplied on request or on mutual 
agreement. 

9.1.2 Tf,e grain size specification shall be considered satisfactory if 75 percent of grains are 
within the specified size limits, but the remaining 25 percent of the grains falling either one size 
below or above the range and not spreaded at both ends of the range. 

IO. Cleanliness of the Steel 

10.1 Inclusion rating of the steel shall be determined in accordance with IS : 4163-I 967 ‘Method for 
determination of inclusion content in steel by microscopic method ( first revision )‘. The worst field 
of each inclusion from each specimen shall be recorded as a rating for the specimen. The inclusion 
rating for the specimens shall not exceed the following limits: 

Rating 
r---------- h_--------- 

a) For air melted quality A B C D7 
he7 r-h_7 r_h-7 T-A-T 

‘fh Tk Th Tk Th Tk Th Tk 
3 2 3 2 3 2 3 2 

b) For vacuum, EFR or secondary 
refined quality 

Subject to mutual agreement 

10.2 When required and ordered, cleanliness of the steel can also be assessed by step-down test 
and magnetic particle test method according to IS : 10138 ( Part 2)-1983 ‘Macroscopic methods for 
determination of non-metallic inclusion content in wrought steels : Part 2 Step machined test method’ 
and IS : 10138 ( Part 3 )-I983 ‘Macroscopic methods for determination of non-metallic inclusion 
content in wrought steels : Part 3 Magnetic particle inspection method’, or as agreed to at the time 
of enquiry and order. 

The acceptance level of non-metallic inclusions shall be mutually agreed keeping in view of the 
process limitations and end use of the material. However, this clause is not applicable for re-sulphurized 
steel grades according to Table 1. 

8  
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11. Dimensional Tolerances 

11.1 The dimensional tolerances for hot rolled steel products shall be in accordance with 
IS : 3739-l 987 ‘Dimensional tolerances for carbon and alloy constructional steel ( first revision )‘. 
Any additional stipulations on dimensions may be mutually agreed at the time of enquiry and order, 
if the forging process or the product so calls for. 

11.2 For forged steel bars, billets, blooms, etc, the tolerance shall be in accordance with IS : 3469 
( Parts 1 to 3 )-1974 ‘Tolerances for closed die steel forgings ( first revision )‘. 

11.3 Tolerances on Straightness - Unless otherwise agreed to between the purchaser and manu- 
facturer, the steels shall be supplied in hot-bed straightened condition with the following limits: 

Nominal Size/Section Permissible Deviation from Straightness 

40 mm and below 6 mm/metre length, Max 

41 to 80 mm 4 mm/metre length, Max 

81 to 200 mm 3 mm/metre length, Max 

12. Sampling 

12.1 Sampling for Chemical Analysis -The ladle analysis shall be supplied by the manufacturer. 
If the product analysis is required by the purchaser. at least one sample product shall be taken from 
each cast. 

12.1 .l For product analysis, the selection of samples shall be carried out. The selection of 
samples shall be as agreed to mutually between the supplier and the purchaser. 

12.2 Sampling for Hardness in the Normalized or Annealed Condition - One sample product shall 
be taken from each heat-treatment batch for the determination of hardness. 

12.3 Sampling for Mechanical Properties- If the material is supplied on the basis of core properties 
of test bars after case hardening, one sample product shall be taken from each size grouping for heat- 
treatment and testing. 

12.3.1 Test pieces for mechanical tests shall be taken in the longitudinal direction of the product 
in accordance with Fig. 1. 

12.4 General condition for selection and preparation of samples and test pieces shall be in accordance 
with IS : 371 I-1966 ‘Method for selection and preparation of samples and test pieces for mechanical 
tests for wrought steel’. 

13. Retests 

13.1 Retest for Product Analysis - If the results of the product analysis do not meet the composition 
requirements given in Tables 1 and 2, unless otherwise agreed to between the purchaser and the 
manufacturer, two new samples shall be taken on different pieces from the same cast. Should the 
two analyses satisfy the requirements, the lot represented shall be accepted. Should either of the 
tests fail, the material shall be taken as not complying with this standard. 

13.2 Retest for Hardness Test in the Normalized/Annealed Condition - If the sample selected 
under 12.2 fails to meet the requirements under 7, two further samples shall be selected from the same 
heat-treatment batch. The consignment shall be considered to conform to the requirements if both 
the additional tests are satisfactory. Should either of the samples fail, the manufacturer shall have 
the right, if he so desires, to re-heat-treat the product in any suitable manner before two fresh 
samples are taken for testing. 
represented shall be accepted. 

Should the two tests satisfy the requirements of this standard, the lot 
Should either of the samples fail, the material shall be taken as not 

complying with this standard. 

13.3 Retest for Mechanical Tests on Test Pieces - lf the sample selected under 12.3 fails to meet 
the requirements under 8, two further samples shall be selected from the same size grouping for 
making fresh test bars. The fresh test bars, shall be case hardened, turned and tested. The 
consignment shall be considered to conform to the requirements if both the additional tests are 
satisfactory. 
this standard. 

Should either of the test pieces fail, the material shall be taken as not complying with 
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14. Additional Tests 

14.1 If agreed to between the purchaser and the manufacturer at the time of enquiry and order, any 
or a combination of the following tests may also be carried out to ensure that the steels meet the 
quality requirements of the purchaser: 

a) 

b) 

d 

4 

e) 

f) 

9) 

Macroetch test in accordance with IS : 11371-1985 ‘Method for macroetch test of wrought 
steel products’, 

Ultrasonic test in accordance with IS : 3664-1981 ‘Code of practice for ultrasonic pulse echo 
testing by contact and immersion methods ( first revision )‘, 

Hardenability test in accordance with IS : 3848-1981 ‘Method for end quench test for 
hardenability of steel (first revision)‘, 

Blank hardening test for core strength guarantee according to recommendations of Table 7, 

Cleanliness test by ‘Blue fracture test’ according to IS : 10138 ( Part 1 )-I 982 ‘Macroscopic 
methods for determination of non-metallic inclusion content in wrought steels : Part 1 Blue 
fracture test method’, 

Microstructure for machinability including banding, and 

Hot up-set test for forgeability. 

14.2 The acceptance level for each or any of these tests shall be mutually agreed to at the time of 
enquiry and order. 

15. Marking 

15.1 All bars of 40 mm dia or equivalent section and above shall be stamped or suitably marked at 
the end with material designation, heat number and name or trade-mark of the manufacturer. Bars 
of smaller sections shall be tied in suitable bundles which will carry metal tags giving the information. 

TABLE 7 RECOMMENDED HARDENABILITY AND BLANK HARDENED VALUES FOR STEELS 
AS PER TABLE 1 

SI Type of 
No. Steel 

i) lOC4 

ii) 15C8 

iii) lOC8SlO 

iv) llC10.525 

v) 14c14s14 

vi) 15Cr3 

vii) 16Mn5Cr4 

viii) 20Mn5Cr5 

ix) 14CrNi6 

x) 15Ni5Cr4Mol 

xi) 15Ni7Cr4Mo2 

xii) 16Ni3Cr2 

xi ii) 20Ni7Mo2 

xiv) 20Ni2Cr2Mo2 

xv) 20Ni7Cr2Mo2 

xvi) 13Nil3Cr3 

xvii) 21 Cr4Mo2 

Blank 
Hardened 
Values in 

HRC 

[Clause 14.1 (d)] 

Jominy Hardenability Values Hardness in HRC at a 
Distance from the Quenched End Face in mm 

r__--_-_--_____-_- __-- h._-______-___-_-_--~ 

I.5 mm 5mm 20 mm 30 mm 40 mm 
- - - - - 

- 
- 
- 

28 

30 

35 

34 

35 

35 

34 

34 

34 

35 

35 

34 

- - - - - 

- - - - - 
47 Max 44 Max 31 Max 28 Max - 

39 Min 31 Min - - _- 

41-49 36-48 23-37 

39-47 36-46 24-37 

36-47 36-46 26-38 

39-48 37-41 28-42 

36-45 26-41 30 Max 

41-48 26-42 32 Max 

41-48 30-44 20-32 

41-49 34-47 24-37 

39-47 37-41 26-38 

36-47 36-46 28-42 

20-34 30 Max 

21-34 20-30 

24-35 22-30 

25-38 24-37 

- - 

- 

20-34 

21-34 

24-30 

- 

30 Max 

20 -30 

22-30 

Note 1 - Blank hardening should be carriad out on 30 mm dia turned specimen, taken from the same location of the 
billet as recommended for tensile test specimen. The blank hardened hardness to be determined at the centre of such a 
specimen. 

Note 2 - Blank hardening temperature for all steels, excepting 15Cr3. should be 870f10°C with 45 min soaking 
followed by oil quenching. For 15Cr3, the temperature should be 880flO”C. followed by water quenching. 

Note 3 - Jominy hardenability test shall be carried out according to IS : 3848-1981. 
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15.2 The bars, billets, etc, shall be suitably colour coded at the ends to mark the grade ofithe 
material. The colour scheme followed can be in accordance with IS : 2049-1978 ‘Colour code for 
the identification of wrought steels for general engineering purposes ( first revision )’ according to 
purchaser’s requirement. 

16.3 Standard Marking - Details are available with the Bureau of Indian Standards. 

IS:4432-1988 

APPENDIX A 

( Clause 2.1 ) 

INFORMATION TO BE GIVEN BY THE PURCHASER 

A-l. Basis for Order 

A-l .I While placing an order for the steels covered by this standard, the purchaser should specify 
clearly the following: 

a) Grade; 

b) Quality; 

Size; 

Tests required; 

e) Special requirements, such as bundling, packing, etc; 

f) Method of manufacture; and 

9) Test report, if required. 

EXPLANATORY NOTE 

This standard was first published in 1967. While reviewing this standard in the light of the 
experience gained during these years, the Committee has decided to bring it in line with the present 
practice followed in the country. The Grade designations have been modified. 

11 
Printed at Swatantra Bharat Press, Delhi, India 
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Foreword

This Part of BS 970 has been prepared under the direction of the Iron and Steel 
Standards Policy Committee. It supersedes those clauses concerned with bright 
finished bars in BS 970-1:1983, which is withdrawn.
Technical Committee ISM/31 has decided that requirements for bars supplied in 
the bright cold finished condition should be withdrawn from BS 970-1:1983 to 
appear in a separate standard for the sake of clarity and as a preparatory step 
towards a European Standard for this product range.
This Part of BS 970 specifies the requirements for bright cold finished bars in 
carbon, carbon manganese, alloy, free-cutting and stainless steels supplied in 
straight lengths.
A British Standard does not purport to include all the necessary provisions of a 
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.

Summary of pages
This document comprises a front cover, an inside front cover, pages i to iv,
pages 1 to 30, an inside back cover and a back cover.
This standard has been updated (see copyright date) and may have had 
amendments incorporated. This will be indicated in the amendment table on 
the inside front cover.
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1 Scope
This Part of BS 970 specifies requirements for 
carbon and carbon manganese, alloy, free-cutting 
and stainless steels normally supplied in the bright 
cold finished condition. It is only applicable to steels 
supplied in straight lengths.
In addition to the definitive requirements, this Part 
of BS 970 also requires the items detailed in 
clause 3 to be documented. For compliance with this 
Part of BS 970, both the definitive requirements and 
the documented items have to be satisfied.
Special ordering options to be called up as required 
by the purchaser are included in appendix A.
NOTE The titles of the publications referred to in this standard 
are listed on the inside back cover.

2 Definitions and symbols
2.1 Definitions
For the purposes of this Part of BS 970 the following 
definitions apply.
2.1.1 
bright cold drawn bars 
bars of various cross-sectional shapes obtained, 
after descaling, by drawing of hot rolled bars or rod, 
through a die (cold deformation without removing 
material)
NOTE This operation gives the product special features with 
respect to shape, dimensional accuracy and surface finish. In 
addition, the process causes cold working of the product, which 
can be eliminated by subsequent heat treatment. Products in 
lengths are delivered straightened regardless of size.
2.1.2 
bright turned bars
bars of circular cross section having the special 
features of drawn product concerning shape, 
dimensional accuracy and bright surface finish with 
the additional benefit of metal removal on 
decarburization and surface defectiveness produced 
by turning
2.1.3 
precision ground bars
drawn or turned bars of circular cross section given 
an improved surface finish and dimensional 
accuracy by grinding or grinding and polishing
2.1.4 
annealing
heat treatment consisting of heating and soaking at 
a suitable temperature followed by cooling under 
conditions such that, after return to ambient 
temperature, the metal will be in a structural state 
closer to that of equilibrium
NOTE The heat treatments in 2.1.4 to 2.1.7 can be carried 
out either before or after cold conversion and can result in surface 
discolouration.

2.1.5 
normalizing
heat treatment consisting of austenitizing followed 
by air cooling to refine the metallurgical structure 
(See note to 2.1.4.)
2.1.6 
stress relieving
heat treatment including heating and soaking at a 
suitable temperature followed by cooling at an 
appropriate rate in order to relieve internal stresses 
without substantially modifying the structure 
(See note to 2.1.4.)
2.1.7 
hardening and tempering
heat treatment including heating to a temperature 
above the upper critical temperature followed by 
rapid cooling by means of a suitable quenching 
medium and subsequent reheating to a temperature 
below the lower critical temperature 
(See note to 2.1.4.)
2.1.8 
ruling section
the equivalent diameter of that portion of the 
product at the time of heat treatment that is most 
important in relation to mechanical properties
2.1.9 
limiting ruling section 
the largest diameter in which certain specified 
mechanical properties are achieved after a specified 
heat treatment
2.1.10 
equivalent diameter
the diameter of a hypothetical bar of infinite length 
of uniform circular cross section which, if subjected 
to the same cooling conditions as the product, 
i.e. same initial and final temperature and same 
cooling medium, would have a cooling rate at its axis 
equivalent to that at the slowest cooling position in 
the product or relevant part
2.1.11 
test sample
a sufficient quantity of material taken from the 
sample product for the purpose of producing one or 
more test pieces
2.1.12 
test piece 
part of the test sample, with the specified 
dimensions, machined or unmachined, brought to 
the required condition for submission to a given test

Li
ce

ns
ed

 C
op

y:
 J

oh
n 

M
ay

, P
ow

er
tr

ai
n 

Lt
d.

, F
eb

ru
ar

y 
20

, 2
00

2,
 U

nc
on

tr
ol

le
d 

C
op

y,
 (

c)
 B

S
I



BS 970-3:1991

2 © BSI 11-1998

2.2 
symbols
the symbols used in this Part of BS 970 are given 
in 1.3 of BS 970-1:1991

3 Information and requirements to be 
agreed and to be documented
3.1 Information to be supplied by the 
purchaser
The following information to be supplied by the 
purchaser shall be fully documented.
Both the definitive requirements specified 
throughout this Part of BS 970 and the following 
documented items shall be satisfied before a claim of 
compliance with this Part of BS 970 can be made 
and verified:

a) details of the form of section, size, length and 
quantity; 
b) the tolerances required on sections (see Table 1 
to Table 4);
c) the grade of steel required (see Table 5 and 
Table 6 and Table 12 to Table 28);
d) the tolerances required on length;
e)  surface condition of supply (see clause 12 and 
Table 7 to Table 11);
f) heat treatment condition together with any 
physical properties required (see Table 19 to 
Table 28);

3.2 Options
If the purchaser wishes to take up any of the 
optional requirements given in this Part of BS 970 
(see appendix A), such requirements shall be 
specified at the time of the enquiry and/or order. In 
the absence of such information, the manufacturer 
shall supply in accordance with the basic 
specification.
3.3 Items for agreement
The following items to be agreed between the 
contracting parties, which are specified in the 
clauses referred to, shall be fully documented. Both 
the definitive requirements specified throughout 
this Part of BS 970 and the following documented 
items shall be satisfied before a claim of compliance 
with the standard can be made and verified.

a) If controlled magnetic properties are required 
they shall be agreed at the time of enquiry and/or 
order (see 4.3.2).
b) If bars shall be supplied with special corrosion 
protection it shall be specified and agreed at the 
time of enquiry and/or order (see 4.6).

c) If any particular type of deoxidation is required 
it shall be agreed at the time of enquiry and/or 
order (see 5.1).
d) If closer dimensional tolerances than those 
given in Table 1 to Table 4 are required they shall 
be agreed at the time of enquiry and/or order 
(see 6.4).
e) Results based on test bar sizes of 13 mm
or 29 mm shall be agreed at the time of enquiry 
and/or order (see 7.3.1 and 10.4).
f) If mechanical properties other than those in a 
longitudinal direction are required values shall 
be agreed at the time of enquiry and/or order 
(see 7.4.2).
g) If a particular grain size range is required it 
shall be supplied and the method of measurement 
agreed at the time of enquiry and/or order 
(see 8.5).
h) If restrictions on certain elements in the 
chemical composition ranges are required this 
shall be agreed at the time of enquiry and/or 
order (see 9.1).
i) If controlled sulfur and phosphorus ranges 
other than those specified in Table 12 to Table 18 
are required they shall be agreed at the time of 
enquiry and/or order (see 9.1).
j) If specific non-destructive testing is required 
the inspection technique and the inspection 
limits shall be agreed at the time of enquiry 
and/or order (see 12.1 and 12.3.1.4).
k) If specific cleanness requirements are required 
the relevant standard criteria shall be agreed at 
the time of enquiry and/or order (see 12.2).
l) If a maximum decarburization limit is required 
the level shall be agreed at the time of enquiry 
and/or order and measured in accordance with 
BS 6617-1 and BS 6617-2 (see 12.4).
m) If end stamping or colour coding is required it 
shall be agreed at the time of enquiry and/or 
order (see clause 13).

4 General
4.1 Steel products
Steel products shall comply with the specific 
requirements of this Part of BS 970 and with the 
specific requirements applicable to the grade 
concerned. Where any of the options given in 
appendix A are called up at the time of the enquiry 
and/or order, the steel products shall, comply with 
the requirements of any such options.
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4.2 Carbon, carbon manganese, free-cutting 
and alloy steels
Where mechanical properties are obtained by heat 
treatment, the treatment given to the test bars and 
to material required in the finally heat treated 
condition shall be as given in Table 19 to Table 28. 
Unless otherwise specified at the time of enquiry 
and/or order bars supplied in the non-heat treated 
condition shall not be hardness tested. (See also 
option A.1.)
4.3 Stainless steels
4.3.1 Ferritic steels
When bright bars are supplied in the hardened and 
tempered condition, the heat treatment shall be 
given either before or after any cold sizing
NOTE Bright bars of ferritic steel supplied in the softened 
condition can be treated before or after any cold sizing.
4.3.2 Austenitic steels
When bright bars are supplied in the softened 
condition the heat treatment shall be given before 
drawing, turning or grinding.
NOTE If controlled magnetic properties are required,
see 3.3 a).
4.3.3 Martensitic steels
Bright bars of martensitic steels shall be supplied in 
the condition given in Table 23.
4.4 Specific requirements of Table 12 to
Table 28
The specific requirements given in Table 12 to
Table 28 shall apply to the following:

a) close limits of chemical composition (A grades) 
where no mechanical or hardenability 
requirements are specified;
b) specified mechanical properties (M grades);
NOTE Variations from the specified chemical composition 
range are permissible provided that the stipulated 
mechanical properties are attained.
c) specified hardenability properties (H grades).
NOTE Properties given in the appropriate hot rolled steel 
bar standard will apply.

4.5 Cast analysis
The manufacturer shall supply a certificate stating 
the cast analysis of the material. (See also
option A.2)
4.6 Corrosion protection
The manufacturer shall supply bars with a coating 
of a corrosion protection medium. (See also 3.3 b).)

5 Steelmaking process and casting 
methods
5.1 Steelmaking
Steelmaking shall be by any process except the air 
or mixed air and oxygen bottom blown basic 
conversion process. (See also 3.3 c).)
5.2 Casting method
The steel shall be cast into ingots or continuously 
cast blooms or billets (see 12.1). 
NOTE For the purposes of Table 7 steel 230M07 is supplied as 
a balanced quality. The other steels listed in Table 12 are 
supplied as killed free-cutting qualities.
Steels listed in Table 13 are supplied as killed carbon steels.
Steels listed in Table 14 are supplied as killed carbon or killed 
coarse grain steels depending upon ordered requirements. Steels 
in Table 15 and Table 16 are classified as low alloy steels.

6 Dimensional tolerances
6.1 Sectional tolerances
6.1.1 Bars shall be supplied to the sectional 
tolerances given in Table 1 to Table 3.

Table 1 — Tolerances for cold drawn bar 

6.1.2 Thickness shall be measured within 12 mm of 
the edge for flats.

Section Size, diameter or 
width across flats

Permitted 
variation

Round
mm

≥ 6 ≤ 18
> 18 ≤ 30
> 30 ≤ 50
> 50 ≤ 80
> 80 ≤ 100

mm
+ 0 to – 0.070
+ 0 to – 0.085
+ 0 to – 0.100
+ 0 to – 0.120
+ 0 to – 0.140

Square and 
hexagon

≥ 6 ≤ 18
> 18 ≤ 30
> 30 ≤ 50
> 50 ≤ 80
> 80 ≤ 105

+ 0 to – 0.090
+ 0 to – 0.110
+ 0 to – 0.130
+ 0 to – 0.160
+ 0 to – 0.250

Flat (width) < 18
> 18 ≤ 30
> 30 ≤ 50
> 50 ≤ 80
> 80 ≤ 100
> 100 ≤ 130
> 130 ≤ 160
> 160 ≤ 320

+ 0 to – 0.110
+ 0 to – 0.130
+ 0 to – 0.160
+ 0 to – 0.190
+ 0 to – 0.220
+ 0 to – 0.350
+ 0 to – 1.00
+ 1.00 to – 1.00

Flat (thickness) < 18
> 18 ≤ 30
> 30 ≤ 50
> 50 ≤ 80

+ 0 to – 0.110
+ 0 to – 0.130
+ 0 to – 0.250
+ 0 to – 0.350
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6.1.3 The diameter of round bars in the as drawn 
length shall be measured at a distance of at 
least 150 mm from the end of the bar. Where round 
bars have been re-cut to an exact length the 
diameter shall be measured at least 10 mm from the 
end of the bar.
6.1.4 The cross-sectional measurement of hexagons, 
squares and flat bars shall be measured at 
least 25 mm from the end of the bar.
NOTE The very ends of such bars might not necessarily meet 
the requirements of Table 1 but these should not be regarded as 
defective if the remainder is in accordance with Table 1.

Table 2 — Tolerances for turned bars

6.2 Tolerances for precision ground bars
6.2.1 The appropriate dimensional tolerance class 
required shall be as selected by the purchaser 
(see Table 3). Surface texture shall be 0.8 µm centre 
line average maximum (0.8 µm Ra max.) in 
accordance with BS 1134-1.

Table 3 — Tolerances for precision ground 
bars 

6.2.2 Maximum deviation from “out of round” shall 
be no more than half the ordered diametric 
tolerance, as measured using a 60° 3-point gauge.
6.2.3 Bars with cold sheared ends shall be measured 
at a distance from the end not less than the 
diameter of the bar.
6.3 Straightness tolerance
Drawn and turned bars shall be supplied to the 
tolerances given in Table 4 and shall be measured as 
maximum deviation from straightness in 
any 3 000 mm portion of the bar.

Table 4 — Straightness tolerances 

6.4 Special tolerances
The basic specification shall comply with the 
dimensional tolerances given in Table 1 to Table 4, 
as appropriate. (See also 3.3 d).)

7 Selection and preparation of test 
samples
7.1 Selection of test samples
One tensile test and where relevant, one Izod 
impact test sample, comprising three notches, or 
three Charpy V-notch impact test samples shall be 
taken from any batch of the same cast. 
For the purpose of subsequent orders, these tests 
shall be taken as representing all sizes of material 
from the same cast where the ruling section of the 
parts does not exceed the ruling section of the test 
bar already tested. 
The samples shall be cut from the heat treated bars 
or cold finished bars and shall not be further heat 
treated or mechanically worked after their removal.
7.2 Steel of tensile strength of 1 225 N/mm2 or 
greater
Where the tensile strength of alloy steel is specified 
as 1 225 N/mm2 minimum or greater, the test 
sample shall be machined to test piece size, plus a 
grinding allowance if required, before heat 
treatment.
7.3 Steels for case hardening 
7.3.1 Size of test sample 
The test sample size shall be 19 mm diameter.
(See also 3.3 e).)

Size, diameter Permitted variation

mm
≥ 6 ≤ 18
> 18 ≤ 30
> 30 ≤ 50
> 50 ≤ 80
> 80 ≤ 120
> 120 ≤ 180
> 180 ≤ 250
> 250 ≤ 315
> 315 ≤ 400
> 400

mm
+ 0 to – 0.070
+ 0 to – 0.085
+ 0 to – 0.100
+ 0 to – 0.120
+ 0 to – 0.140
+ 0 to – 0.160
+ 0 to – 0.185
+ 0 to – 0.210
+ 0 to – 0.230
+ 0 to – 0.250

Section Size, 
diameter 

Permitted overall variation
Class A Class B Class C

Round
mm

≥ 6 < 75
mm

0.050
mm

0.025
mm

0.013

Section Steel grade Permitted 
variation

Rounds < 0.25 % carbon 1 in
1 000

≥ 0.25 % carbon, alloys and 
all heat treated grades

1 in 500

Squares 
and 
hexagons

< 0.25 % carbon  ≤ 75 mm
> 75 mm

1 in 750 
1 in 500

≥ 0.25 % carbon, alloys and 
all heat treated grades

1 in 375

Flats < 0.25 % carbon 1 in 500
≥ 0.25 % carbon, alloys and 
all heat treated grades

1 in 375
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7.3.2 Selection of samples
Subject to 7.3.1 one test sample shall be selected to 
represent each cast. If the size of the test sample is 
greater than the specified test piece size, test bars 
shall be prepared by forging and/or machining to 
that size; but for sizes smaller than 13 mm diameter 
for carbon and carbon manganese steels and for 
sizes smaller than 19 mm diameter for alloy steels, 
the test pieces shall be heat treated in the full 
section of the sample.
NOTE The properties specified in Table 19 to Table 26 apply 
only to the preferred test bar sizes and to ruling sections 
equivalent to these. When components of different ruling sections 
are carburized and heat treated, different core properties will be 
obtained. Similarly, it may be necessary to agree mechanical 
properties when the test sample size is less than the specified test 
bar size. 
Attention is also drawn to the influence of several factors such as 
steel composition, ruling section and heat treatment, on the 
hardness of the case. For example, even if a low core strength 
suffices it will be necessary to use an alloy steel for acceptable 
case hardenability of the largest section sizes.
7.3.3 Heat treatment of test piece
7.3.3.1 Carbon and carbon manganese steels
The test pieces shall be blank carburized for at 
least 1 h at the hardening temperature 
between 900 °C and 930 °C and quenched in oil.
7.3.3.2 Alloy steels
The test pieces shall be blank carburized for at 
least 1 h at a temperature between 800 °C 
and 930 °C. After cooling to room temperature they 
shall be reheated to the single quenching 
temperature, as given in Table 22, and quenched in 
oil.
7.4 Location of test pieces for mechanical 
testing 
7.4.1 General 
Where longitudinal tests are required, the test piece 
shall be prepared in accordance with the following:

a) For ruling sections up to and including 25 mm, 
the test piece shall be machined coaxially from 
the test bars.
b) For ruling sections over 25 mm, the 
longitudinal axis of the test piece shall 
be 12.5 mm from the surface of the test bars.
c) Austenitic stainless steels (see Table 18) 
supplied as cold drawn bars shall be tested in full 
section for ruling sections up to and 
including 19 mm. For ruling sections over 19 mm, 
the test piece shall be machined coaxially from 
the test sample. 

7.4.2 Transverse and other tests 
Where transverse and other tests are required the 
test piece shall be prepared as specified in the 
enquiry and/or order. (See also 3.3 f).) 

7.5 Frequency of other tests
7.5.1 Number of hardness tests
The manufacturer shall carry out one test per 
production batch in accordance with the relevant 
clauses of this Part of BS 970 in order to ensure that 
the material complies with the specified hardness.
7.5.2 Number of hardenability tests
One test sample selected to represent each cast shall 
be reduced by forging or rolling to a size not greater 
than 38 mm diameter which shall represent the full 
cross section of the material. This test bar shall also 
be of sufficient size to ensure the complete removal 
of decarburization in machining to the standard test 
piece of 25 mm diameter.

8 Test methods and test results
8.1 Tensile test
8.1.1 The tensile test shall be carried out in 
accordance with BS EN 10002-1.
8.1.2 The specified mechanical properties shall refer 
to tests taken in the longitudinal direction.
8.1.3 In cases of dispute tensile test pieces shall be 
machined from bars to the dimensions of 
the 11.28 mm diameter (100 mm2 cross-sectional 
area) test piece or, if the test sample is too small, to 
the dimensions of the largest recommended round 
test piece that can be obtained having a gauge 
length equal to 5.65√SO. 
8.1.4 For material not greater than 15 mm diameter 
or width across flats, unmachined test pieces having 
a gauge length equal to 5.65√SO shall be used.
8.2 Impact test
The impact properties shall be determined in 
accordance with BS 131-1. (See also option A.3)
8.3 Hardness test 
The Brinell hardness test shall be carried out in 
accordance with BS 240.
8.4 Hardenability test
Hardenability tests shall be carried out in 
accordance with the appropriate method of BS 4437.
8.5 Grain size test
Grain size tests shall be carried out in accordance 
with the appropriate method given in BS 4490. 
(See also 3.3 g).)
8.6 Intercrystalline corrosion test 
If an intercrystalline corrosion test is required it 
shall be as specified at the time of enquiry and/or 
order. (See also option A.4)
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9 Chemical composition
9.1 Composition ranges
The chemical composition of the steel, based on cast 
analysis when tested in accordance with BS 6200 
shall comply with the appropriate material 
specifications given in Table 12 to Table 18. 
(See also 3.3 h), 3.3 i) and option A.5)
NOTE In Table 12 to Table 28 figures in parentheses indicate 
notes which appear at the end of these tables.

9.2 Residual elements
The maximum limits on residual elements shall be 
as given in Table 5.

Table 5 — Maximum limits on residual 
elements 

9.3 Lead bearing steels
The basic specification shall not include lead. 
(See also option A.5.)
9.4 Product analysis and permitted deviations
NOTE Product analysis may differ from the cast analysis due to 
heterogeneity arising during casting and solidification. Table 6 
shows the deviations from the range specified for cast analysis 
permitted on product analysis.
The deviation may occur either above or below the 
individual element ranges but shall not apply both 
above and below the specified range for any one 
element in any one cast of steel. 
Test specimens for product analysis shall be taken 
in accordance with BS 6200-3 or BS Handbook 19.

10 Mechanical properties
NOTE 1 For through hardening steels, the mechanical 
properties attainable from any steel composition and heat 
treatment are dependent on the ruling section.
NOTE 2 The requirements in this standard show the limiting 
ruling section to which the stated mechanical properties apply 
and the purchaser should select a steel which is specified to give 
the desired properties in the appropriate ruling section at the 
time of heat treatment.
NOTE 3 Generally, specified properties are readily achievable 
even when bulk heat treatment is involved except where noted in 
Table 19 to Table 28.
NOTE 4 In Table 19 to Table 28 figures in parentheses indicate 
notes which appear at the end of these tables.

10.1 Tensile properties shall be as given in Table 19 
to Table 28 when tested in accordance with
BS EN 10002-1. 
10.2 Impact properties shall be as given in Table 19 
to Table 28 when tested in accordance with
BS 131-1.
10.3 Hardness properties shall be as given in 
Table 19 to Table 28 when tested in accordance with
BS 240.

Table 6 — Permitted variations of product 
analysis from specified range 

Element Carbon and 
carbon 

manganese 
grades

Non-austenitic 
stainless 
grades

Austenitic 
stainless 
grades

%(m/m) %(m/m) %(m/m)

Nickel
Chromium
Molybdenum
Niobium
Titanium
Copper

0.40
0.30
0.15
—
—
—

—
—
0.30
—
—
0.30

—
—
1.00
0.20
0.10
0.70

Element Range in which 
maximum of 

specified element 
falls

Variation on 
specified range
over 
max.

under 
min.

%(m/m) %(m/m) %(m/m)
(a) Carbon, carbon manganese and free cutting 
steels
Carbona ≤ 0.25

> 0.25 ≤ 0.50
> 0.50 ≤ 1.05

0.02
0.03
0.04

0.02
0.03
0.04

Silicon ≤ 0.40 0.03 0.03
Manganese ≤ 1.00

> 1.00 ≤ 1.50
> 1.50

0.04
0.08
0.10

0.04
0.08
0.10

Phosphorus ≤ 0.025 
> 0.025 ≤ 0.040
> 0.040 ≤ 0.060

0.005
0.006
0.008

Sulfur ≤ 0.025
> 0.025 ≤ 0.040
> 0.040 ≤ 0.060
> 0.060 ≤ 0.10

0.005
0.006
0.008
0.010

> 0.10 ≤ 0.20
> 0.20 ≤ 0.40
When range is 
specified

0.025
0.040

0.025
0.040

0.015 to 0.040
0.025 to 0.050
0.050 to 0.10

0.006
0.008
0.010

0.003
0.005
0.008

Lead 0.15 to 0.35 0.03 0.02
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 Table 6 — Permitted variations of product 
analysis from specified range 

Table 6 — Permitted variations of product 
analysis from specified range 

Element Range in which 
maximum of 

specified element 
falls

Variation on 
specified range
over 
max.

under 
min.

%(m/m) %(m/m) %(m/m)
(b) Alloy steels and alloy free cutting steels
Carbon ≤ 0.25

> 0.25 ≤ 0.50
> 0.50

0.01
0.02
0.03

0.01
0.02
0.03

Silicon ≤ 0.45 0.03 0.03
Manganese ≤ 0.70

> 0.70 ≤ 1.00
> 1.00 ≤ 2.00

0.03
0.04
0.05

0.03
0.04
0.05

Phosphorus ≤ 0.030
> 0.030 ≤ 0.040

0.003
0.004

Sulfur ≤ 0.030
> 0.030 ≤ 0.040
> 0.040 ≤ 0.050

0.003
0.004
0.005

> 0.10 ≤ 0.20
> 0.20 ≤ 0.40
When range is 
specified

0.025
0.04

0.025
0.04

0.015 to 0.040
0.025 to 0.050

0.004
0.005

0.003
0.003

Chromium ≤ 0.60
> 0.60 ≤ 1.25
> 1.25 ≤ 2.50
> 2.50 ≤ 4.0

0.03
0.04
0.05
0.10

0.03
0.04
0.05
0.10

Molybdenum ≤ 0.50
> 0.50

0.02
0.03

0.02
0.03

Nickel ≤ 1.0
> 1.0 ≤ 3.0
> 3.0 ≤ 5.0

0.03
0.05
0.07

0.03
0.05
0.07

Aluminium > 0.80 ≤ 1.50 0.10 0.10
Vanadium ≤ 0.30 0.03 0.03
Lead 0.15 to 0.35 0.03 0.02

Element Range in which 
maximum of 

specified element 
falls

Variation on 
specified range
over 
max.

under 
min.

%(m/m) %(m/m) %(m/m)
(c) Stainless and heat resisting steels
Carbon ≤ 0.03

> 0.03 ≤ 0.25
> 0.25 ≤ 0.50

0.005
0.01
0.02

0.01
0.02

Silicon ≤ 1.0
> 1.0 ≤ 2.0

0.05
0.07

0.05
0.07

Manganese ≤ 1.0
> 1.0 ≤ 2.0

0.03
0.04

0.03
0.04

Phosphorus ≤ 0.030
> 0.030 ≤ 0.045
> 0.045

0.003
0.004
0.005

Sulfur ≤ 0.030
> 0.030 ≤ 0.080
Specified range

0.003
0.005

0.15 to 0.35 0.02 0.02
Chromium ≤ 10.0

> 10.0 ≤ 15.0
> 15.0 ≤ 20.0
> 20.0

0.10
0.15
0.20
0.25

0.10
0.15
0.20
0.25

Molybdenum ≤ 1.0
> 1.0 ≤ 2.0
> 2.0 ≤ 3.0

0.03
0.05
0.08

0.03
0.05
0.08

Nickel ≤ 1.0
> 1.0 ≤ 3.0
> 3.0 ≤ 5.0
> 5.0 ≤ 10.0
> 10.0 ≤ 20.0
> 20.0

0.03
0.05
0.07
0.10
0.15
0.20

0.03
0.05
0.07
0.10
0.15
0.20

Niobium All ranges 0.05 0.05
Selenium All ranges 0.03 0.03
Titanium All ranges 0.05 0.05
a  When required by the purchaser and subject to agreement 
with the supplier, smaller variations for the carbon range 
over 0.25 % up to and including 0.50 % may be agreed.
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10.4 The 19 mm test piece size shall be used.
(See also 3.3 e).)
NOTE 1 For carbon and carbon manganese case hardening 
steels, it is customary to test and release steel to specified 
mechanical property levels using a standard size of test piece. 
However, because of the effect of section size, the properties are 
quoted for different test piece sizes in the oil-quenched condition, 
i.e. 13 mm, 19 mm and 29 mm, but the 19 mm test piece is to be 
used unless otherwise agreed.
NOTE 2 The properties specified for both carbon and alloy 
steels apply only to the test piece size used and the heat 
treatment specified. If other heat treatments and/or sizes of test 
piece are used, then different results may be obtained. The 
conditions for these heat treatments and tests should be agreed 
between the purchaser and the supplier.
NOTE 3 The properties obtained are representative of those 
bars heat treated in the same ruling section as that of the test 
piece and may not represent larger ruling sections.

11 Retests 
11.1 General
Retests shall be carried out as specified in 11.2 
to 11.4. If any test sample or test piece fails to 
comply with the specified requirements as a result 
of incorrect application of the test procedure or 
faulty equipment, the test results shall be discarded 
and a further test sample(s) shall be retested.
11.2 Tensile tests
11.2.1 Should any of the original test pieces fail, 
twice the original number of test samples shall be 
selected for retesting, one of which shall be taken 
from the bar from which the original test sample 
was taken, unless that item has been withdrawn by 
the manufacturer. 
11.2.2 The mechanical properties obtained from the 
test pieces prepared from the further test samples 
shall comply with the specified requirements. 
Should any of the retests fail, the material 
represented shall be deemed not to comply with this 
standard.
11.2.3 In the case of material supplied in the heat 
treated condition, the manufacturer shall have the 
right to re-heat treat the material and resubmit it 
for retesting.
11.2.4 In the case of dispute with the reported yield 
stress the 0.5 % proof stress (total elongation) shall 
be used.
11.3 Impact test
11.3.1 If the average of three impact values is lower 
than the specified value, or if any one value is lower 
than 70 % of this specified value, three additional 
test pieces shall be taken from the same sample and 
tested. The average value of the six tests shall be not 
less than the specified value. Not more than two of 
the individual values shall be lower than the 
specified value and not more than one shall be lower 
than 70 % of this value.

11.3.2 In the case of material supplied in the heat 
treated condition, the manufacturer shall have the 
right to re-heat treat the material and resubmit it 
for retesting.
11.4 Hardness test
11.4.1 Should the hardness value determined on 
any bar fail to comply with the specified 
requirements, then three additional test samples of 
items shall be selected for retesting, one of which 
shall be from the original bar unless that item has 
been withdrawn by the manufacturer.

12 Freedom from defects
12.1 Internal soundness 
The procedures for casting, hot-working, re-heating 
and cooling shall ensure that the product is free 
from piping, central unsoundness and harmful 
segregation.
NOTE Where assurance is required see also 3.3 j).
12.2 Cleanness
If specific levels of cleanness are required, they shall 
be in accordance with the standards specified in the 
enquiry and/or order, see 3.3 k).
NOTE Sulfide inclusions and segregation lines which are 
intrinsic to free-cutting steels are not to be regarded as a defect 
in the material.
12.3 Surface condition
12.3.1 Cold drawn bar and cold drawn and 
ground bar
12.3.1.1 Surface defects shall not exceed the 
maximum values given in Table 7 to Table 11, in 
bars supplied in the cold drawn and cold drawn and 
ground condition.

Table 7 — Rounds, squares and hexagons in 
sizes from 10 mm up to and including 100 mm 
diameter or across flat: maximum permissible 

surface defects

12.3.1.2 The minimum rejectable defect depth for 
balanced free-cutting, killed free-cutting, killed 
carbon and killed coarse grain steels shall 
be 0.25 mm irrespective of section, and for hot or 
cold forging and low alloy and stainless steels it 
shall be 0.20 mm.

Steel type Maximum permissible 
defect depth as percentage 

of section

%
Balanced free-cutting 
Killed free-cutting
Killed carbon
Killed coarse grain
Hot or cold forging
Low alloy and stainless

2.00
1.25
1.00
2.00
0.75
0.75
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Table 8 — Flats greater than 105 mm wide in 
free-cutting, semi-free-cutting and carbon 

steels: maximum permissible surface defects

12.3.1.3 The maximum permissible defect depth on 
the surfaces of the narrower or edge faces of flats in 
qualities and sizes covered by Table 8 shall be 1 mm.
Table 9 — Flats greater than 105 mm wide in 

hot and cold forging steels and low alloy 
steels: maximum permissible defect depths 

12.3.1.4 The maximum permissible defect depth on 
the surface of the narrower or edge face of flats in 
qualities and sizes covered by Table 9 shall 
be 0.7 min.
NOTE Where specific assurance of maximum defect levels is 
required materials can be supplied crack detected.
(See also3.3 j).)

12.3.2 Turned bar and turned and ground bar 
The stock removal during the manufacture of bars 
to be supplied in the turned or turned and ground 
condition, shall be sufficient to ensure freedom from 
surface defects of steel making or hot rolling origin.
12.4 Decarburization
Turned or turned and ground bars shall be free from 
decarburization.
NOTE For bars produced by drawing see also 3.3 l).

13 Marking
Unless otherwise specified at the time of enquiry 
and/or order bars shall be supplied labelled but 
unmarked.(See 3.3 m).)

Thickness Maximum permissible defect depth 
on the wider or flat faces

Widths > 105 mm
to ≤≤ 160 mm

Widths 
> 160 mm

mm
> 3 ≤ 10
> 10 ≤ 18
> 18 ≤ 30
> 30 ≤ 50
> 50 ≤ 80
> 80 ≤ 105
> 105

mm
0.20
0.25
0.30
0.50
0.70
0.80
1.00

mm
0.20
0.25
0.45
0.80
1.00
1.00
1.00

Thickness Maximum permissible 
defect depth on the wider 

or flat faces

mm
> 3 ≤ 10
> 10 ≤ 18
> 18 ≤ 30
> 30 ≤ 50
> 50 ≤ 80
> 80

mm
0.10
0.15
0.20
0.30
0.50
0.70

NOTE The defect is to be measured perpendicular to the bar 
surface.
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Table 10 — Flats equal to or less than 105 mm wide in free-cutting, semi-free-cutting and carbon 
steels: maximum permissible defect depths 

Table 11 — Flats equal to or less than 105 mm wide in hot and cold forging steels, and alloy 
steels: maximum permissible defect depths

Table 12 — Chemical composition: free-cutting steels

Thickness Maximum permissible defect depths
Wider or flat face Narrower or edge face

Widths
 ≤ 30 mm > 30 mm ≤ 50 mm > 50 mm ≤ 80 mm > 80 mm ≤ 105 mm

mm mm mm mm mm mm
> 3 ≤ 10
> 10 ≤ 18
> 18 ≤ 30
> 30 ≤ 50
> 50 ≤ 80

0.2
0.3
0.4
0.6
0.7

0.40 0.65 0.80 1.00

NOTE The defect is to be measured perpendicular to the bar surface.

Thickness Maximum permissible defect depths
Wider or flat face Narrower or edge face

Widths
≤ 30 mm > 30 mm ≤ 50 mm > 50 mm ≤ 80 mm > 80 mm ≤ 105 mm

mm mm mm mm mm mm
> 3 ≤ 10
> 10 ≤ 18
> 18 ≤ 30
> 30 ≤ 50
> 50 ≤ 80

0.15
0.15
0.20
0.30
0.50

0.20 0.30 0.50 0.70

NOTE The defect is to be measured perpendicular to the bar surface.

Steel C Si Mn P S

%(m/m) %(m/m) %(m/m) %(m/m) %(m/m)

230M07
216M36
212A42
226M44

0.15 max.
0.32 to 0.40
0.40 to 0.45
0.40 to 0.48

0.05 max.
0.25 max.
0.25 max.
0.25 max.

0.90 to 1.30
1.30 to 1.70
1.00 to 1.30
1.30 to 1.70

0.090 max.
0.06 max.
0.06 max.
0.06 max.

0.25 to 0.35
0.12 to 0.20
0.12 to 0.20
0.22 to 0.30

 









 









 









 









 









 









 









 








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Table 13 — Chemical composition: carbon and carbon manganese steels

Table 14 — Chemical composition: case hardening steels (carbon and carbon manganese steels)

Table 15 — Chemical composition: alloy case hardening Steelsa

Steel C Si Mn P S

%(m/m) %(m/m) %(m/m) %(m/m) %(m/m)

080A15
080M15
070M20
080A30
080M30
080M40
080A42
080A47
080M50
070M55
150M19
150M36

0.13 to 0.18
0.12 to 0.18
0.16 to 0.24
0.26 to 0.34
0.26 to 0.34
0.36 to 0.44
0.40 to 0.45
0.45 to 0.50
0.45 to 0.55
0.50 to 0.60
0.15 to 0.23
0.32 to 0.40

0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40

0.70 to 0.90
0.60 to 1.00
0.50 to 0.90
0.70 to 0.90
0.60 to 1.00
0.60 to 1.00
0.70 to 0.90
0.70 to 0.90
0.60 to 1.00
0.50 to 0.90
1.30 to 1.70
1.30 to 1.70

0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.

0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.
0.05 max.

NOTE See also 3.3 g) and option A.1, A.2 and A.4.

Steel C Si Mn P S

%(m/m) %(m/m) %(m/m) %(m/m) %(m/m)

045A10
045M10
080M15
210M15

0.08 to 0.13
0.07 to 0.13
0.12 to 0.18
0.12 to 0.18

0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40

0.30 to 0.60
0.30 to 0.60
0.60 to 1.00
0.90 to 1.30

0.05 max.
0.05 max.
0.05 max.
0.05 max.

0.05 max.
0.05 max.
0.05 max.
0.10 to 0.18

Steel C Si Mn Cr Mo Ni

%(m/m) %(m/m) %(m/m) %(m/m) %(m/m) %(m/m)

635M15
637M17
655M13
665M17
805M17
805M20
815M17
820M17
822M17
835M15

0.12 to 0.18
0.14 to 0.20
0.10 to 0.16
0.14 to 0.20
0.14 to 0.20
0.17 to 0.23
0.14 to 0.20
0.14 to 0.20
0.14 to 0.20
0.12 to 0.18

0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40

0.60 to 0.90
0.60 to 0.90
0.35 to 0.60
0.35 to 0.75
0.60 to 0.95
0.60 to 0.95
0.60 to 0.90
0.60 to 0.90
0.40 to 0.70
0.25 to 0.50

0.4 to 0.80
0.60 to 1.00
0.70 to 1.00
—
0.35 to 0.65
0.35 to 0.65
0.80 to 1.20
0.80 to 1.20
1.30 to 1.70
1.00 to 1.40

—
—
—
0.20 to 0.30
0.15 to 0.25
0.15 to 0.25
0.10 to 0.20
0.10 to 0.20
0.15 to 0.25
0.15 to 0.30

0.70 to 1.10
0.85 to 1.25
3.00 to 3.75
1.50 to 2.00
0.35 to 0.75
0.35 to 0.75
1.20 to 1.70
1.50 to 2.00
1.75 to 2.25
3.90 to 4.30

 NOTE See also 3.3 c), 3.3 i) and options A.2 and A.5.
a Sulfur 0.05 % max., phosphorous 0.04 % max. for all qualities.
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Table 16 — Chemical composition: alloy direct hardening steels

Table 17 — Chemical composition: ferritic and martensitic stainless and heat resisting steels

Steel C Si Mn P S Cr Mo Ni

%(m/m) %(m/m) %(m/m) %(m/m) %(m/m) %(m/m) %(m/m) %(m/m)

530M40
605M36
606M36
708M40
709M40
722M24
817M40
826M31
826M40
945M38

0.36 to 0.44
0.32 to 0.40
0.32 to 0.40
0.36 to 0.44
0.36 to 0.44
0.20 to 0.28
0.36 to 0.44
0.27 to 0.35
0.36 to 0.44
0.34 to 0.42

0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40
0.10 to 0.40

0.60 to 0.90
1.30 to 1.70
1.30 to 1.70
0.70 to 1.00
0.70 to 1.00
0.45 to 0.70
0.45 to 0.70
0.45 to 0.70
0.45 to 0.70
1.20 to 1.60

0.035 max.
0.035 max.
0.035 max.
0.035 max.
0.035 max.
0.035 max.
0.035 max.
0.035 max.
0.035 max.
0.035 max.

0.040 max.
0.040 max.
0.15 to 0.25
0.040 max.
0.040 max.
0.040 max.
0.040 max.
0.040 max.
0.040 max.
0.040 max.

0.90 to 1.20
—
—
0.90 to 1.20
0.90 to 1.20
3.00 to 3.50
1.00 to 1.40
0.50 to 0.80
0.50 to 0.80
0.40 to 0.60

—
0.22 to 0.32
0.22 to 0.32
0.15 to 0.25
0.25 to 0.35
0.45 to 0.65
0.20 to 0.35
0.45 to 0.65
0.45 to 0.65
0.15 to 0.25

—
—
—
—
—
—
1.30 to 1.70
2.30 to 2.80
2.30 to 2.80
0.60 to 0.90

NOTE See also 3.3 c), 3.3 i) and options A.2 and A.5.

Steel Chemical composition (maximum unless range stated)
C Si Mn P S Cr Mo Ni Se

Ferritic steels
%(m/m) %(m/m) %(m/m) %(m/m) %(m/m) %(m/m) %(m/m) %(m/m) %(m/m)

403S17
430S17

0.08
0.08

1.0
1.0

1.0
1.0

0.040
0.040

0.030
0.030

12.0 to 14.0
16.0 to 18.0

—
—

0.50
0.50

—
—

Martensitic steels
410S21
416S21
416S29
416S37
416S41
420S29
420S37
431S29

0.09 to 0.15
0.09 to 0.15
0.14 to 0.20
0.20 to 0.28
0.09 to 0.15
0.14 to 0.20
0.20 to 0.28
0.12 to 0.20

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.5
1.5
1.5
1.5
1.0
1.0
1.0

0.040
0.060
0.060
0.060
0.060
0.040
0.040
0.040

0.030
0.15 to 0.35
0.15 to 0.35
0.15 to 0.35
0.060
0.030
0.030
0.030

11.5 to 13.5
11.5 to 13.5
11.5 to 13.5
12.0 to 14.0
11.5 to 13.5
11.5 to 13.5
12.0 to 14.0
15.0 to 18.0

—
0.60
0.60
0.60
0.60
—
—
—

1.00
1.00
1.00
1.00
1.00
1.00
1.00
2.0 to 3.0

—
—
—
—
0.15 to 0.35
—
—
—
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Table 18 — Chemical composition: austenitic stainless and heat resisting steels
Steel Chemical composition (maximum unless range stated)

C Si Mn P S Cr Mo Ni Others

Austenitic steels
%(m/m) %(m/m) %(m/m) %(m/m) %(m/m) %(m/m) %(m/m) %(m/m) %(m/m)

302S31
304S11
304S15
304S31
321S31
347S31
316S11
316S13
316S31
316S33
320S31
310S31
303S31
303S42
325S31

0.12
0.030
0.06
0.07
0.08
0.08
0.030
0.030
0.07
0.07
0.08
0.15
0.12
0.12
0.12

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.5
1.0
1.0
1.0

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.060
0.060
0.045

0.030
0.030
0.030
0.030
0.030
0.030
0.030
0.030
0.030
0.030
0.030
0.030
0.15 to 0.35
0.060
0.15 to 0.35

17.0 to 19.0
17.0 to 19.0
17.5 to 19.0
17.0 to 19.0
17.0 to 19.0
17.0 to 19.0
16.5 to 18.5
16.5 to 18.5
16.5 to 18.5
16.5 to 18.5
16.5 to 18.5
24.0 to 26.0
17.0 to 19.0
17.0 to 19.0
17.0 to 19.0

—
—
—
—
—
—
2.00 to 2.50
2.50 to 3.00
2.00 to 2.50
2.50 to 3.00
2.00 to 2.50
—
1.00 (9)
1.00 (9)
—

8.0 to 10.0
9.0 to 12.0
8.0 to 11.0
8.0 to 11.0
9.0 to 12.0
9.0 to 12.0

11.0 to 14.0
11.5 to 14.5
10.5 to 13.5
11.0 to 14.0
11.0 to 14.0
19.0 to 22.0

8.0 to 10.0
8.0 to 10.0
8.0 to 11.0

—
—
—
—
Ti 5C max. 0.80
Nb 10C max. 1.00
—
—
—
—
Ti 5C max. 0.80
—
—
Se 0.15 to 0.35
Ti 5C max. 0.90
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Table 19 — Mechanical properties for free-cutting steels (18) 
Steel Condition (2) Size (1) (diameter 

across flats or 
thickness) 

Rm Re min. A min. 
on 5.65 √So

Impacta Rp0.2 (3) 
min.

HB (13)

Izod 
min.

KCV 
min.

mm N/mm2 N/mm2 % J J N/mm2

230M07 Hot rolled + turned or 
ground

≥ 6 < 100 360 min. 215 22 — — — 103 min.

Hot rolled + cold drawn or hot 
rolled + cold drawn + ground

≥ 6 ≤ 13
> 13 ≤ 16
> 16 ≤ 40
> 40 ≤ 63
> 63 ≤ 76

480 min.
460 min.
430 min.
390 min.
370 min.

400
380
340
280
240

6
7
8
9

10

—
—
—
—
—

—
—
—
—
—

360
345
300
240
225

—
—
—
—
—

216M36 Hot rolled + cold drawn or hot 
rolled + cold drawn + ground

≥ 6 < 13
> 13 ≤ 16
> 16 ≤ 40
> 40 ≤ 63
> 63 ≤ 76

680 min.
650 min.
620 min.
600 min.
570 min.

530
510
480
460
420

6
7
7
8
9

—
—
—
—
—

—
—
—
—
—

510
487
434
372
353

—
—
—
—
—

Hardened and tempered + 
turned or ground 

P ≥ 6 < 100
Q > 6 ≤ 63
R > 6 ≤ 29

550 to 700
625 to 775
700 to 850

340
400
480

20
18
16

34
34
34

28
28
28

310
370
450

152 to 207
179 to 229
201 to 255

Hardened and tempered +
cold drawn or hardened and
tempered + cold drawn +
ground

P ≥ 29 < 100
Q > 13 ≤ 63
R > 6 ≤ 29

550 to 700
625 to 775
700 to 850

380
440
520

15
13
12

34
34
34

—
—
—

340
400
470

152 to 207
179 to 229
201 to 255

226M44 Hardened and tempered +
turned or ground

(1)

R ≥ 6 < 100
S > 6 ≤ 29
T > 6 ≤ 13

700 to 850
775 to 925
850 to 1 000

450
525
600

16
14
12

27
20
20

22
16
16

415
495
585

201 to 255
223 to 277
248 to 302

Hardened and tempered +
cold drawn or hardened and
tempered + cold drawn + 
ground

(4)

R ≥ 6 to < 100
S > 6 to ≤ 29
T > 6 to ≤ 13

700 to 850
775 to 925
850 to 1 000

525
575
630

12
10

9

27
20
20

—
—
—

435
520
600

201 to 255
223 to 277
248 to 302

a See also option A.3.
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Table 20 — Mechanical properties for carbon and carbon manganese steels (18)
Steel Condition (2) Size (1) 

(diameter 
across flats or 

thickness) 

Rm Re min. A min.
on 5.65√So

Impacta Rp0.2 (3) 
min.

HB (13)

Izod
min.

KCV 
min.

mm N/mm2 N/mm2 % J J N/mm2

080M15 Normalized + turned or
ground

≥ 6 ≤ 63
> 63 ≤ 150

350 min.
330 min.

175
165

22
22

—
—

—
—

—
—

109 to 163
101 to 152

Hot rolled + cold drawn or
hot rolled + cold drawn +
ground

≥ 6 ≤ 13
> 13 ≤ 29
> 29 ≤ 100

450 min.
430 min.
400 min.

330
320
300

10
12
13

070M20 Normalized + turned or
ground

≥ 6 ≤ 150
> 150 ≤ 250

430 min.
400 min.

215
200

21
21

—
—

—
—

—
—

126 to 179
116 to 170

Hot rolled + cold drawn or
hot rolled + cold drawn +
ground

≥ 6 ≤ 13
> 13 ≤ 16
> 16 ≤ 40
> 40 ≤ 63
> 63 ≤ 76

560 min.
530 min.
490 min.
480 min.
450 min.

440
420
370
355
325

10
12
12
13
14

—
—
—
—
—

—
—
—
—
—

420
390
340
290
280

—
—
—
—
—

080M30 Normalized + turned or
ground

≥ 6 ≤ 150
> 150 ≤ 250

490 min.
460 min.

245
230

20
19

—
—

—
—

—
—

143 to 192
134 to 183

Hot rolled + cold drawn or
hot rolled + cold drawn +
ground

≥ 6 ≤ 13
> 13 ≤ 16
> 16 ≤ 40
> 40 ≤ 63
> 63 ≤ 76

620 min.
600 min.
570 min.
560 min.
530 min.

480
470
430
415
385

9
10
11
12
12

—
—
—
—
—

—
—
—
—
—

460
450
400
345
320

Hardened and tempered +
turned or ground

P ≥ 6 ≤ 63
Q ≥ 6 ≤ 19

550 to 700
625 to 775

340
415

18
16

34
34

28
28

310
400

152 to 207
179 to 229

Hardened and tempered +
cold drawn or hardened and
tempered + cold drawn +
ground

P ≥ 6 ≤ 63
Q ≥ 6 ≤ 19

550 to 700
625 to 775

385
460

13
12

34
34

—
—

340
430

152 to 207
179 to 229

a See also option A.3.
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Table 20 — Mechanical properties for carbon and carbon manganese steels (18)
Steel Condition (2) Size (1) 

(diameter 
across flats or 

thickness) 

Rm Re min. A min. 
on 5.65√So

Impacta Rp0.2 (3) 
min.

HB (13)

Izod 
min.

KCV 
min.

mm N/mm2 N/mm2 % J J N/mm2

080M40 Normalized + turned or
ground

≥ 6 ≤ 150
> 150 ≤ 250

550 min.
510 min.

280
245

16
17

20
—

16
—

—
—

152 to 207
146 to 197

Hot rolled + cold drawn or
hot rolled + cold drawn +
ground

≥ 6 ≤ 13
> 13 ≤ 16
> 16 ≤ 40
> 40 ≤ 63
> 63 ≤ 76

660 min.
650 min.
620 min.
600 min.
570 min.

530
510
480
465
430

7
8
9

10
10

—
—
—
—
—

—
—
—
—
—

495
485
435
370
350

Hardened and tempered +
turned or ground

Q ≥ 6 ≤ 63
R ≥ 6 ≤ 19

625 to 775
700 to 850

385
465

16
16

34
34

28
28

355
450

179 to 229
201 to 255

Hardened and tempered +
cold drawn or hardened and
tempered + cold drawn +
ground

Q ≥ 6 ≤ 63
R ≥ 6 ≤ 19

625 to 775
700 to 850

435
490

12
12

34
34

—
—

380
460

179 to 229
201 to 255

080M50 Normalized + turned or
ground

≥ 6 ≤ 150
> 150 ≤ 250

620 min.
570 min.

310
295

14
14

—
—

—
—

—
—

179 to 229
163 to 217

Normalized + cold drawn or
normalized + cold drawn +
ground

≥ 6 ≤ 13
> 13 ≤ 16
> 16 ≤ 40
> 40 ≤ 63
> 63 ≤ 76

740 min.
730 min.
690 min.
680 min.
650 min.

590
585
555
540
510

7
8
8
9

10

—
—
—
—
—

—
—
—
—
—

555
545
485
420
400

Hardened and tempered + 
turned or ground

(4)

Q ≥ 6 ≤ 150
R ≥ 6 ≤ 63
S ≥ 6 ≤ 29
T ≥ 6 ≤ 13

625 to 775
700 to 850
775 to 925
850 to 1 000

390
430
495
570

15
14
14
12

—
—
—
—

—
—
—
—

360
400
465
555

179 to 229
201 to 255
223 to 277
248 to 302

Hardened and tempered +
cold drawn or hardened and
tempered + cold drawn +
ground (4)

Q ≥ 13 ≤ 150
R ≥ 6 ≤ 63
S ≥ 6 ≤ 29
T ≥ 6 ≤ 13

625 to 775
700 to 850
775 to 925
850 to 1 000

430
490
540
595

11
10
10

9

—
—
—
—

—
—
—
—

390
450
500
550

179 to 229
201 to 255
223 to 277
248 to 302

Turned, ground or cold 
drawn and finally softened

— — — — — — — 187 max.

a See also option A.3.
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Table 20 — Mechanical properties for carbon and carbon manganese steels (18)
Steel Condition (2) Size (1) 

(diameter 
across flats or 

thickness) 

Rm Re min. A min. 
on 5.65√So

Impacta Rp0.2 (3) 
min.

HB (13)
Izod 
min.

KCV 
min.

mm N/mm2 N/mm2 % J J N/mm2

070M55 Normalized + turned or
ground

≥ 6 ≤ 63
> 63 ≤ 250

700 min.
600 min.

355
310

12
13

— —
—

—
—

201 to 255
170 to 223

Normalized + cold drawn or
normalized + cold drawn + 
ground

≥ 6 ≤ 13
> 13 ≤ 16
> 16 ≤ 40
> 40 ≤ 63
> 63 ≤ 76

760 min.
750 min.
710 min.
700 min.
670 min.

610
600
575
545
530

6
7
7
8
9

—
—
—
—
—

—
—
—
—
—

570
560
495
440
420

Hardened and tempered +
turned or ground
 (4)

R > 13 ≤ 100
S ≥ 6 ≤ 63
T ≥ 6 ≤ 19

700 to 850
775 to 925
850 to 1 000

415
480
570

14
14
12

—
—
—

—
—
—

385
450
555

201 to 255
223 to 277
248 to 302

Hardened and tempered +
cold drawn or hardened and
tempered + cold drawn +
ground (4)

R > 29 ≤ 100
R > 13 ≤ 29
S ≥ 6 ≤ 63
T > 6 ≤ 19

700 to 850
700 to 850
775 to 925
850 to 1 000

475
510
525
595

10
10
10

9

—
—
—
—

—
—
—
—

435
475
485
550

201 to 255
201 to 255
223 to 277
248 to 302

Turned, ground or cold
drawn and finally softened

— — — — — — — 201 max.

150M19 Normalized + turned or
ground

≥ 6 ≤ 150
> 150 ≤ 250

550 min.
510 min.

325
295

18
17

40
—

35
—

—
—

152 to 207
146 to 197

Hardened and tempered +
turned or ground

P > 13 ≤ 150
Q ≥ 6 ≤ 63
R ≥ 6 ≤ 29

550 to 700
625 to 775
700 to 850

340
430
510

18
16
16

54
54
40

50
50
35

325
415
495

152 to 207
179 to 229
201 to 255

Hardened and tempered +
cold drawn or hardened and
tempered + cold drawn +
ground

P > 19 ≤ 150
Q ≥ 6 ≤ 63
R ≥ 6 ≤ 29

550 to 700
625 to 775
700 to 850

360
450
520

13
12
12

54
54
40

—
—
—

345
435
510

152 to 207
179 to 229
201 to 255

150M36 Normalized + turned or
ground

≥ 6 ≤ 150
> 150 ≤ 250

620 min.
600 min.

385
355

14
15

—
—

—
—

—
—

179 to 229
170 to 223

Hardened and tempered + 
turned or ground

(4)

Q > 19 ≤ 150
R > 13 ≤ 63
S ≥ 6 ≤ 29
T ≥ 6 ≤ 13

625 to 775
700 to 850
775 to 925
850 to 1 000

400
480
555
635

18
16
14
12

47
41
41
34

42
35
35
28

370
450
525
620

179 to 229
201 to 255
223 to 277
248 to 302

Hardened and tempered +
cold drawn or hardened and
tempered + cold drawn +
ground (4)

Q > 19 ≤ 150
R > 13 ≤ 63
S ≥ 6 ≤ 29
T ≥ 6 ≤ 13

625 to 775
700 to 850
775 to 925
850 to 1 000

440
520
580
665

13
12
10

9

47
41
41
34

—
—
—
—

400
480
540
635

179 to 229
201 to 255
223 to 277
248 to 302

a See also option A.3.Li
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Table 21 — Mechanical properties for alloy steels (18)
Steel Condition (2) Size (1) 

(diameter 
across flats, or 

thickness) 

Rm Re min. A min.
on 5.65√So

Impacta Rp0.2 (3) 
min.

HB (13)
Izod 
min.

KCV 
min.

mm N/mm2 N/mm2 % J J N/mm2

530M40 Hardened and tempered +
turned or ground

R > 63 ≤ 100
S ≥ 6 ≤ 63
T ≥ 6 ≤ 29

700 to 850
775 to 925
850 to 1 000

525
585
680

17
15
13

54
54
54

50
50
50

510
570
665

201 to 255
223 to 277
248 to 302

Hardened and tempered +
cold drawn or hardened and
tempered + cold drawn +
ground

R > 63 ≤ 100
S > 13 ≤ 63
T ≥ 6 ≤ 29

700 to 850
775 to 925
850 to 1 000

540
600
700

12
11

9

54
54
54

—
—
—

525
585
680

201 to 255
223 to 277
248 to 302

Turned, ground or cold
drawn and finally softened

229 max.

605M36 Hardened and tempered +
turned or ground

R >150 ≤ 250
R > 29 ≤ 150
S > 13 ≤ 100
T ≥ 6 ≤ 63
U ≥ 6 ≤ 29
V ≥ 6 ≤ 19

700 to 850
700 to 850
775 to 925
850 to 1 000
925 to 1 075
1 000 to 1 150

495
525
585
680
755
850

15
17
15
13
12
12

34
54
54
54
47
47

28
50
50
50
42
42

480
510
570
665
740
835

201 to 255
201 to 255
223 to 277
248 to 302
269 to 331
293 to 352

Hardened and tempered +
cold drawn or hardened and
tempered + cold drawn +
ground

R > 29 ≤ 150
S > 13 ≤ 100
T ≥ 6 ≤ 63
U ≥ 6 ≤ 29
V ≥ 6 ≤ 19

700 to 850
775 to 925
850 to 1 000
925 to 1 075
1 000 to 1 150

540
600
700
770
865

12
11

9
9
9

54
54
54
47
47

—
—
—
—
—

525
585
680
755
850

201 to 255
223 to 277
248 to 302
269 to 331
293 to 352

Turned, ground or cold
drawn and finally softened

241 max.

606M36 Hardened and tempered +
turned or ground

R > 13 ≤ 100
S ≥ 6 ≤ 63
T ≥ 6 ≤ 29

700 to 850
775 to 925
850 to 1 000

525
585
680

15
13
11

54
47
40

50
42
35

510
570
665

201 to 255
223 to 277
248 to 302

Hardened and tempered +
cold drawn or hardened and
tempered + cold drawn +
ground

R > 29 ≤ 100
S ≥ 6 ≤ 63
T ≥ 6 ≤ 29

700 to 850
775 to 925
850 to 1 000

540
600
700

11
10

8

47
47
40

—
—
—

525
585
680

201 to 255
223 to 277
248 to 302

Turned, ground or cold
drawn and finally softened

229 max.

a See also option A.3.
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Table 21 — Mechanical properties for alloy steels (18)
Steel Condition (2) Size (1) 

(diameter across 
flats, or 

thickness) 

Rm Re min. A min. 
on 5.65 √So

Impacta Rp0.2 (3) 
min.

HB (13)

Izod 
min.

KCV 
min.

mm N/mm2 N/mm2 % J J N/mm2

708M40 Hardened and tempered +
turned or ground

(4)(6)

R > 150 ≤ 250
R > 63 ≤ 150
S > 29 ≤ 100
T ≥ 6 ≤ 63
U ≥ 6 ≤ 29
V ≥ 6 ≤ 19
W ≥ 6 ≤ 13

700 to 850
700 to 850
775 to 925
850 to 1 000
925 to 1 075
1 000 to 1 150
1 075 to 1 225

495
525
585
680
755
850
940

15
17
15
13
12
12
12

34
54
54
54
47
47
40

28
50
50
50
42
42
35

480
510
570
665
740
835
925

201 to 255
201 to 255
223 to 277
248 to 302
269 to 331
293 to 352
311 to 375

Hardened and tempered +
cold drawn or hardened +
tempered + cold drawn +
ground

(4)(6)

R > 63 ≤ 150
S > 29 ≤ 100
T ≥ 6 ≤ 63
U ≥ 6 ≤ 29
V ≥ 6 ≤ 19
W ≥ 6 ≤ 13

700 to 850
775 to 925
850 to 1 000
925 to 1 075
1 000 to 1 150
1 075 to 1 225

540
600
700
770
865
955

12
11

9
9
9
8

54
54
54
47
47
40

—
—
—
—
—

525
585
680
755
850
940

201 to 255
223 to 277
248 to 302
269 to 331
293 to 352
311 to 375

Turned, ground or cold
drawn and finally softened

248 max.

709M40 Hardened and tempered +
turned or ground

(4)(6)
(6)

R > 100 ≤ 250
S > 150 ≤ 250
S > 63 ≤ 150
T > 29 ≤ 100
U > 13 ≤ 63
V  ≥ 6 ≤ 29
W ≥ 6 ≤ 19

700 to 850
775 to 925
775 to 925
850 to 1 000
925 to 1 075
1 000 to 1 150
1 075 to 1 225

495
555
585
680
755
850
940

15
13
15
13
12
12
12

34
27
54
54
47
47
40

28
22
50
50
42
42
35

480
540
570
665
740
835
925

201 to 255
223 to 277
223 to 277
248 to 302
269 to 331
293 to 352
311 to 375

Hardened and tempered +
cold drawn or hardened and 
tempered + cold drawn +
ground

(4)(6)

R > 100 ≤ 150
S > 63 ≤ 150
T > 29 ≤ 100
U > 13 ≤ 63
V ≥ 6 ≤ 29
W ≥ 6 ≤ 19

700 to 850
775 to 925
850 to 1 000
925 to 1 075
1 000 to 1 150
1 075 to 1 225

540
600
700
770
865
955

11
11

9
9
9
8

54
54
54
47
47
40

—
—
—
—
—
—

510
585
680
755
850
940

201 to 255
223 to 277
248 to 302
269 to 331
293 to 352
311 to 375

Turned, ground or cold
drawn and finally softened

255 max.

a See also option A.3.
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Table 21 — Mechanical properties for alloy steels (18)
Steel Condition (2) Size (1) 

(diameter 
across flats, or 

thickness) 

Rm Re min. A min. 
on 5.65 √So

Impacta Rp0.2 (3) 
min.

HB (13)

Izod 
min.

KCV 
min.

mm N/mm2 N/mm2 % J J N/mm2

722M24 Hardened and tempered +
turned or ground

T > 150 ≤ 250
T ≥ 6 ≤ 150
U ≥ 6 ≤ 150

850 to 1 000
850 to 1 000
925 to 1 075

650
680
755

13
13
12

40
54
47

35
50
42

635
665
740

248 to 302
248 to 302
269 to 331

Hardened and tempered +
cold drawn or hardened and
tempered + cold drawn +
ground

T ≥ 6 ≤ 150
U ≥ 6 ≤ 150

850 to 1 000
925 to 1 075

700
770

9
9

54
47

—
—

680
755

248 to 302
269 to 331

Turned, ground or cold
drawn and finally softened

269 max.

817M40 Hardened and tempered +
turned or ground

(6)
(1)(6)
(1)(6)

T > 150 ≤ 250
T > 63 ≤ 150
U > 29 ≤ 100
V > 13 ≤ 63
W ≥ 6 ≤ 29
X ≥ 6 ≤ 29
Z ≥ 6 ≤ 29

850 to 1 000
850 to 1 000
925 to 1 075
1 000 to 1 150
1 075 to 1 225
1 150 to 1 300
1 550 min.

650
680
755
850
940
1 020
1 235

13
13
12
12
11
10

5

40
54
47
47
40
34
10

35
50
42
42
35
28

9

635
665
740
835
925
1 005
1 125

248 to 302
248 to 302
269 to 331
293 to 352
311 to 375
341 to 401
444 min.

Hardened and tempered +
cold drawn or hardened 
and tempered + cold 
drawn + ground (4)(6)(7)

(4)(6)(7)
(4)(6)(7)

T > 63 ≤ 150
U > 29 ≤ 100
V > 13 ≤ 63
W ≥ 6 ≤ 29
X ≥ 6 ≤ 29
Z ≥ 6 ≤ 29

850 to 1 000
925 to 1 075
1 000 to 1 150
1 075 to 1 225
1 150 to 1 300
1 550 min.

700
770
865
955
1 035
1 250

9
9
9
8
7
3

54
47
47
40
34
11

—
—
—
—
—
—

680
755
850
940
1 020
1 235

248 to 302
269 to 331
293 to 352
311 to 375
341 to 401
444 min.

Turned, ground or cold
drawn and finally softened

277 max.

a See also option A.3.
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Table 21 — Mechanical properties for alloy steels (18)
Steel Condition (2) Size (1) 

(diameter 
across flats, or 

thickness) 

Rm Re min. A min.
on 5.65 √So

Impacta Rp0.2 (3) 
min.

HB (13)
Izod 
min.

KCV 
min.

mm N/mm2 N/mm2 % J J N/mm2

826M31 Hardened and tempered 
and turned or ground

(6)
(6)
(6)

T > 150 ≤ 250
T > 100 ≤ 150
U > 150 ≤ 250
U > 100 ≤ 150
V > 63 ≤ 150
W > 29 ≤ 100
X > 13 ≤ 63
Z > 13 ≤ 63

850 to 1 000
850 to 1 000
925 to 1 075
925 to 1 075
1 000 to 1 150
1 075 to 1 225
1 150 to 1 300
1 550 min.

650
680
740
755
850
940
1 020
1 235

13
13
12
12
12
11
10

5

40
54
34
47
47
40
34
10

35
50
28
42
42
35
28

9

635
665
725
740
835
925
1 005
1 125

248 to 302
248 to 302
269 to 331
269 to 331
293 to 352
311 to 375
341 to 401
444 min.

Hardened and tempered 
and cold drawn or 
hardened and tempered 
and cold drawn and ground (4)(6)(7)

(4)(6)(7)
(4)(6)(7)

T > 63 ≤ 150
U > 29 ≤ 100
V > 29 ≤ 100
W > 29 ≤ 100
X > 6 ≤ 63
Z > 6 ≤ 63

850 to 1 000
925 to 1 075
1 000 to 1 150
1 075 to 1 225
1 150 to 1 300
1 550 min.

700
770
885
955
1 035
1 250

9
9
9
8
7
3

54
47
47
40
34
10

—
—
—
—
—
—

680
755
850
940
1 020
1 235

248 to 302
269 to 331
293 to 362
311 to 375
341 to 401
444 min.

Turned, ground or cold
drawn and finally softened

— — — — — — — 277 max.

826M40 Hardened and tempered +
turned or ground

(6)
(6)
(6)
(6)
(6)

U > 150 ≤ 250
U > 100 ≤ 150
V > 63 ≤ 250
V > 63 ≤ 150
W > 29 ≤ 250
W > 29 ≤ 150
X > 29 ≤ 150
Y > 29 ≤ 150
Z > 29 ≤ 100

925 to 1 075
925 to 1 075
1 000 to 1 150
1 000 to 1 150
1 075 to 1 225
1 075 to 1 225
1 150 to 1 300
1 225 to 1 375
1 550 min.

740
755
835
850
925
940
1 020
1 095
1 235

12
12
12
12
11
11
10
10

7

34
47
34
47
27
40
34
34
13

28
42
28
42
22
35
28
28
11

725
740
820
835
910
925
1 005
1 080
1 125

269 to 331
269 to 331
293 to 352
293 to 352
311 to 375
311 to 375
341 to 401
363 to 429
444 min. (4)

Hardened and tempered +
cold drawn or hardened 
and tempered + cold 
drawn + ground (1)(4)(6)(7)

(1)(4)(6)(7)
(1)(4)(6)(7)

U > 100 ≤ 150
V > 63 ≤ 150
W > 29 ≤ 150
X > 29 ≤ 150
Y > 29 ≤ 150
Z > 29 ≤ 100

925 to 1 075
1 000 to 1 150
1 075 to 1 225
1 150 to 1 300
1 225 to 1 375
1 550 min. (12)

770
865
955
1 035
1 110
1 250

9
9
8
7
7
5

47
47
40
34
34
13

—
—
—
—
—
—

755
850
940
1 020
1 095
1 235

269 to 331 
293 to 352
311 to 375
341 to 401
363 to 429
444 min.

Turned, ground or cold
drawn and finally softened

277 max.

a See also option A.3.Li
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Table 21 — Mechanical properties for alloy steels (18) 
Steel Condition (2) Size (1) (diameter 

across flats, or 
thickness) 

Rm Re min. A min. 
on 5.65 √So

Impacta Rp0.2 (3) 
min.

HB (13)

Izod 
min.

KCV 
min.

mm N/mm2 N/mm2 % J J N/mm2

945M38 Hardened and tempered + 
turned or ground

R > 150 ≤ 250
R>100 ≤ 150
S > 63 ≤ 100
T > 29 ≤ 63
U ≥ 6 ≤ 29
V ≥ 6 ≤ 29

700 to 850
700 to 850
775 to 925
850 to 1 000
925 to 1 075
1 000 to 1 150

495
525
585
680
755
850

15
17
15
13
12
12

34
54
54
54
47
47

28
50
50
50
42
42

480
510
570
665
740
835

201 to 255
201 to 255
223 to 277
248 to 302
269 to 331
293 to 352

Hardened and tempered + 
cold drawn or hardened and 
tempered + cold drawn + 
ground

R > 100 ≤ 150 
S > 63 ≤ 100
T > 29 ≤ 63
U ≥ 6 ≤ 29
V ≥ 6 ≤ 29

700 to 850
775 to 925
850 to 1 000
925 to 1 075
1 000 to 1 150

540 
600
700
770
865

13 
11
10

9
9

54
54
54
47
47

50
50
50
42
42

525
585
680
755
850

201 to 255
223 to 277
248 to 302
269 to 331
293 to 352

Turned, ground or cold 
drawn and finally softened

277 max.

a See also option A.3.
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Table 22 — Mechanical properties for case hardening steels
Steel Test bar 

diameter
Rm min. A min. 

on 5.65 √So
Impacta HB (max.) (14) 

normalized
HB max. (14) Hardening 

Temperature
Izod 
min.

KCV 
min.

Subcritically 
annealed

Normalized and 
tempered

mm N/mm2 % J J °C

Carbon steels
045M10
045A10
080M15

13
19 (5)
13
19 (5)
29

430
430
490
460
430

18
18
16
16
18

47
47
40
40
40

42
42
35
35
35

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

Carbon manganese steels
210M15 13

19 (5)
29

490
460
430

16
16
18

40
40
40

35
35
35

—
—
—

—
—
—

—
—
—

—
—
—

Alloy steel
635M15
637M17
655M13
655M17
805M17
805M20
815M17
820M17
822M17
835M15

19
19
19
19
19
19
19
19
19
19

770
930
1 000
770
770
850
1 080
1 160
1 310
1 310

12
10

9
12
12
11

8
8
8
8

27
20
40
40
27
20
27
27
27
34

22
16
35
35
22
16
22
22
22
28

207
217
—
207
207
207
—
—
—
—

—
—
255
—
—
—
255
269
269
277

—
—
223
—
—
—
241
248
255
269

820 to 840
820 to 840
800 to 820
820 to 840
820 to 840
820 to 840
820 to 840
820 to 840
820 to 840
800 to 820b

a See also option A.3.
b Also to be stress relieved at not greater than 200 °C.
NOTE Mechanical tests are in the blank carburized condition. Hardness figures are in the condition stated.
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Table 23 — Heat treatment and mechanical properties for ferritic and martensitic stainless and heat resisting steels (18)
Steel Softened 

condition 
HB max.

Heat 
treatment 
condition

LRS Heat treatment Rm Re min. A min. 
on 5.65 √So

Impacta Rp0.2 (3) 
min.

HB

Izod 
min.

KCV 
min.

mm °C N/mm2 N/mm2 % J J N/mm2

Ferritic steels
403S17
430S17

170
170

—
—

150
63

700 to 780 (16)
750 to 820 (17)

420 min.
430 min.

280
280

20
20

—
—

—
—

245
245

170 max.
170 max.

Martensitic steels
410S21 207 950 to 1 020

(10)
P 150 650 to 750 (11) 550 to 700 370 20 < 63 mm: 54

≥ 63 mm: 34
— 340 152 to 207

R 63 600 to 700 (11) 700 to 850 525 15 — 495 201 to 255
416S21 207 950 to 1 020

P
R

150
63

650 to 750
600 to 700 (11)

550 to 700
700 to 850

370
525

15
11

34
27

—
—

340
495

152 to 207
201 to 255

416S29 217 950 to 1 020
(10)

R
S

150
29

650 to 750 (11)
600 to 700 (11)

700 to 850
775 to 925

525
585

11
10

27
13

—
—

495
555

201 to 255
223 to 277

416S37 229 950 to 1 020
(10)

R
S

150
150

650 to 750 (11)
600 to 700 (11)

700 to 850
775 to 925

525
585

11
10

27
13

—
—

495
555

201 to 255
223 to 277

416S41 179 950 to 1 020
(10)

P
R

150
63

650 to 750 (10)
600 to 700 (11)

550 to 700
700 to 850

370
525

15
11

34
27

—
—

340
495

152 to 207
201 to 255

420S29 217 950 to 1 020
(10)

R 150 650 to 750 (11) 700 to 850 525 15 < 63 mm: 34
≥ 63 mm: 27

— 495 201 to 255

S 29 600 to 700 (11) 775 to 925 585 13 — 555 223 to 277
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Table 23 — Heat treatment and mechanical properties for ferritic and martensitic stainless and heat resisting steels (18)
Steel Softened 

condition 
HB max.

Heat 
treatment 
condition

LRS Heat treatment Rm Re min. A min. 
on 5.65 √So

Impacta Rp0.2 (3) 
min.

HB

Izod min. KCV 
min.

mm °C N/mm2 N/mm2 % J J N/mm2

420S37 229 950 to 1 020
(10)

R 150 650 to 750 (11) 700 to 850 525 15 < 63 mm: 34
≥ 63 mm: 27

— 495 210 to 255

S 150 600 to 700 (11) 775 to 925 585 13 < 63 mm: 27
≥ 63 mm: 14

— 555 223 to 277

431S29 277 950 to 1 020
T 150 550 to 650 850 to 1 000 680 11 < 63 mm: 34

≥ 63 mm: 20
— 635 248 to 302

a See also option A.3.
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Table 24 — Softening treatment and mechanical properties for austenitic stainless and heat 
resisting steels in the finally softened conditiona (15)

Steel Rm min. A min. on 5.65 √So Rp0.2 (3) Rp1.0 min. Sensitization 
period (see 8.6)

N/mm2 % N/mm2 N/mm2 min

302S31
304S11
304S15
304S31
321S31
347S31
316S11
316S13
316S31
316S33
320S31
310S31
303S31
303S42
325S31

510
480
480
490
510
510
490
490
510
510
510
510
510
510
510

40
40
40
40
35
30
40
40
40
40
35
40
40
40
35

190
180
195
195
200
205
190
190
205
205
210
205
190
190
200

225
215
230
230
235
240
225
225
240
240
245
240
225
225
235

—
30
15
15
30
30
30
30
15
15
30
—
—
—
30

a These figures are applicable to sections up to 160 mm softened at 1 000 °C to 1 100 °C.
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Table 25 — Mechanical properties for 
austenitic stainless steels in the cold drawn 

condition (15)

Table 26 — Mechanical properties for 
austenitic stainless steels in the softened and 

finally cold drawn condition (15)

Table 27 — Normalizing for carbon and carbon 
manganese steels 

Section Rm min. A min. 
on 5.65 √So

Rp0.2 min. Rp1.0 min.

mm N/mm2 % N/mm2 N/mm2

≤ 19
> 19 ≤ 25
> 25 ≤ 32
> 32 ≤ 38
> 38 ≤ 45

865
790
725
695
650

12
15
20
28
28

695
555
450
340
310

725
585
480
370
340

Section Rm min. A min. 
on 5.65 √So

Rp0.2 min. Rp1.0 min.

mm N/mm2 % N/mm2 N/mm2

≤ 19
> 19

600
550

15
20

375
325

425
375

Steel Normalizing temperature

°C

080M15
070M20
080M30
080M40
080M50
070M55
150M19
150M36

890 to 920
880 to 910
860 to 890
830 to 860
810 to 840
810 to 840
860 to 900
840 to 870
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Table 28 — Hardening and tempering parameters for free-cutting, carbon and carbon 
manganese, and alloy steels

Notes to Table 12 to Table 28 
1) For cold drawn bar of a diameter or across flat section of less than 6 mm all mechanical properties should be agreed at the time of 
enquiry and/or order.
2) Normalizing temperatures and hardening and tempering temperatures are given in Table 27 and Table 28.
3) When specifically ordered.
4)  Properties cannot always be obtainable by bulk heat treatment of bar but these properties can be achieved by the appropriate heat 
treatment of components by the purchaser. 
5) Preferred size.
6) Often ordered in the softened condition for machining and subsequent heat treatment to achieve these specified mechanical 
properties. 
7) Cold drawn bars are not normally available in this tensile strength range. 
8) A maximum silicon content can be agreed between the purchaser and the supplier.
9) Optional addition. 
10) Oil or air hardened.
11) Tempered. 
12) When 0.2 % proof stress is specified it is recommended that a double tempering treatment be used: 

a) 640 °C to 680 °C followed by
b) 590 °C to 610 °C

13) Brinell hardness for guidance only except where material is supplied in the softened condition.
14) Maximum hardness HB (when specified on the order) in the condition of delivery.
15) For magnetic properties see also option A.2.
16) Air cooled or furnace cooled.
17) Cooled freely in air.
18) The various tensile strength ranges for the different specifications have been designated with the reference symbol P to Z, as given 
in Table 29.

Steel Hardening treatment Tempering temperature

Temperature Quench medium

°C °C

080M30
080M40
080M50
070M5
150M19
150M36
212M36
226M44
530M40
605M36
606M36
709M40
722M24
817M40
826M40
945M38

860 to 890
830 to 860
810 to 840
810 to 840
860 to 900
840 to 870
840 to 870
830 to 860
850 to 880
840 to 870
840 to 870
860 to 890
880 to 910
820 to 850
820 to 850
840 to 870

Oil or water
Oil
Oil
Oil
Oil or water
Oil
Oil
Oil
Oil
Oil
Oil
Oil
Oil
Oil
Oil
Oil

550 to 660
550 to 660
550 to 660
550 to 660
550 to 660
550 to 660
550 to 660
550 to 660
550 to 700
550 to 680
550 to 680
550 to 700
550 to 700
660 max.a
660 max.a
550 to 680

a For these steels the temperature range 280 °C to 500 °C has to be avoided.
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Table 29 — Reference symbols for tensile 
strength ranges of hardened and tempered 

material
Reference symbol Tensile strengtha

N/mm2

P
Q
R
S
T
U
V
W
X
Y
Z

550 to 700
625 to 775
700 to 850
775 to 925
850 to 1 000
925 to 1 075
1 000 to 1 150
1 075 to 1 225
1 150 to 1 300
1 225 to 1 375
1 550 min.

a 1 N/mm2 = 1 MPa
NOTE Other mechanical properties associated with these 
ranges are as indicated in the relevant tables.
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Appendix  A Options
NOTE These options may be agreed at the time of enquiry 
and/or order.
A.1 Hardness tests shall be required for bars 
supplied in the non-heat treated condition (see 4.2).
A.2 Certification giving chemical analysis and/or 
mechanical properties and/or hardenability values 
shall be supplied (see 4.5).
A.3 If the standard impact test specified in
BS 131-1 is not required KCV values shall be 
specified (see 8.2).
A.4 An intercrystalline corrosion test for stainless 
steels shall be carried out for each cast of steel 
supplied. If specified a bend test sample shall be 
prepared and tested in accordance with BS 5903. It 
shall be sensitized by heating at a temperature
of 650 °C for the time specified, followed by cooling 
in still air. The other provisions of BS 5903 shall 
apply (see 8.6).
A.5 Where steels containing lead are required, the 
lead range shall be stated in the order. If not 
specifically stated the lead content shall be not less 
than 0.15 % and not greater than 0.35 % on cast 
analysis (see 9.1 and 9.3).
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Publication(s) referred to:

BS 131, Notched bar tests.
BS 131-1, The Izod impact test on metals.
BS 240, Method for Brinell hardness test and for verification of Brinell hardness testing machines.
BS 970, Specification for wrought steels for mechanical and allied engineering purposes.
BS 970-1, General inspection and testing procedures and specific requirements for carbon, carbon 
manganese, alloy and stainless steels.
BS 1134, Assessment of surface texture.
BS 1134-1, Methods and instrumentation.
BS 4437, Method for determining hardenability of steel by end quenching (Jominy test).
BS 4490, Methods for micrographic determination of the grain size of steel.
BS 5903, Method for determination of resistance to intergranular corrosion of austenitic stainless steels: 
copper sulphate-sulphuric acid method (Moneypenny Strauss test).
BS 6200, Sampling and analysis of iron, steel and other ferrous metals.
BS 6200-3, Methods of analysis.
BS 6617, Determination of decarburization in steel.
BS 6617-1, Methods for determining decarburization by microscopic and micro-hardness techniques.
BS 6617-2, Methods for determining decarburization by chemical and spectrographic analysis techniques.
BS Handbook 19, Methods for the sampling and analysis of iron, steel and other ferrous metals.
BS EN 10002-1, Tensile testing of metallic materials — Part 1: Method of test at ambient temperature.
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BSI Ð British Standards Institution

BSI is the independent national body responsible for preparing British Standards. It
presents the UK view on standards in Europe and at the international level. It is
incorporated by Royal Charter.

Revisions

British Standards are updated by amendment or revision. Users of British Standards
should make sure that they possess the latest amendments or editions.

It is the constant aim of BSI to improve the quality of our products and services. We
would be grateful if anyone finding an inaccuracy or ambiguity while using this
British Standard would inform the Secretary of the technical committee responsible,
the identity of which can be found on the inside front cover. Tel: 020 8996 9000.
Fax: 020 8996 7400.

BSI offers members an individual updating service called PLUS which ensures that
subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI, international and foreign standards publications should be
addressed to Customer Services. Tel: 020 8996 9001. Fax: 020 8996 7001.

In response to orders for international standards, it is BSI policy to supply the BSI
implementation of those that have been published as British Standards, unless
otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and international
standards through its Library and its Technical Help to Exporters Service. Various
BSI electronic information services are also available which give details on all its
products and services. Contact the Information Centre. Tel: 020 8996 7111.
Fax: 020 8996 7048.

Subscribing members of BSI are kept up to date with standards developments and
receive substantial discounts on the purchase price of standards. For details of
these and other benefits contact Membership Administration. Tel: 020 8996 7002.
Fax: 020 8996 7001.

Copyright

Copyright subsists in all BSI publications. BSI also holds the copyright, in the UK, of
the publications of the international standardization bodies. Except as permitted
under the Copyright, Designs and Patents Act 1988 no extract may be reproduced,
stored in a retrieval system or transmitted in any form or by any means ± electronic,
photocopying, recording or otherwise ± without prior written permission from BSI.

This does not preclude the free use, in the course of implementing the standard, of
necessary details such as symbols, and size, type or grade designations. If these
details are to be used for any other purpose than implementation then the prior
written permission of BSI must be obtained.

If permission is granted, the terms may include royalty payments or a licensing
agreement. Details and advice can be obtained from the Copyright Manager.
Tel: 020 8996 7070.
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Sl. 
No. 

Components / 
Operation 

Characteristics to be assessed 
Type / method  of 

Check 
Quantum 
of Check 

Reference Standards or Documents 
Acceptance 

Norms 

Format 
of 

records 

Inspecti
on 

scope 
Supplier BEML 

1 

HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 

Manufacturing route MILL TC -- Hot rolling process reduction from higher diameter to 
the required size. Hot rolling is preferable  
In case of  higher diameter above 120 mm free open 
forged bars stock are also permitted    with due regard 
for machining allowances.Free/Open forged bars have 
higher dimensional tolerances than is applicable for Hot 
rolled bars. 

MILL TC 

P R 

2 

Supply condition METALLOGRAPHY
/ HT CYCLE 

-- Round bars above 12 mm shall be supplied in 
Normalized condition  

HT cycle 
report/ 
hardness 
report 
 

P R 

3 

Chemical Composition CHEMICAL 
ANALYSIS 

(SPECTROMETER/
WET ANALYS 

IS) 

 
 One 
sample/ heat 
/cast batch  
 
 
 
 
 
 
 
 
 
 
 
 
 

One sample per heat/cast batch shall be checked for 
chemical composition and shall conform to the 
company standard C1001  as below as mentioned in   & 
reports to be submitted along with supply    

Elements Requirement 
C 0.24  Max 
Si 0.43  Max 
Mn 1.55 Max 
S 0.05 Max 
P 0.05  Max  

Total Micro alloy elements(Ti, V,Nb,B etc)shall not 
exceed 0.25% 
Nitrogen content shall not exceed 0.012% 
Copper may be present up to 0.20% Max 
Supplier shall ensure that  elements not indicated above 
shall not present in product 

MILL TC/ 
NABL LAB 
REPORT 

P R 

4 
Carbon equivalent Carbon equivalent 

calculation from 
chemistry 

 0.41 Max Mill 
TC/NABL lab 
report 

 
P 

 
R 
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Acceptance 
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of 

records 

Inspecti
on 

scope 

Supplier BEML 

5 
HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 

Reduction ratio MILL TC 
 Bars up to 80 mm diameter shall have reduction ratio of 

6:1 minimum  & Bars above 80 mm shall have a 
reduction ratio of 4:1 minimum 

MILL TC 
P R 

6 Mechanical properties Mechanical properties 
testing on specimen 

One sample/ 
heat /cast 
batch 

One sample per heat/cast batch shall be checked for  
Mechanical properties as per C1001 standard  

 
 
 
 
 
 
 
 
 

Parameters requirements 
Ultimate Tensile 
strength, MPa 

410 Min 

Yield strength 
,Mpa 

250 Min for diameter  less 
than 20 mm 
240 min for diameter between 
20 &40 mm 
230 Min  for diameter Above 
40 mm 

% Elongation 23 Min 

Mill 
TC/NABL lab 
report 

 
P 

 
R 
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records 
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on 

scope 

Supplier BEML 

7 HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 
 
 
 
 
 
 
 
 

Mechanical properties Mechanical properties 
testing on specimen 

One sample/ 
heat /cast 
batch 

 

Parameters requirements 
Impact strength 
charpy V notch 
@0 deg c 

27 Joules min 

Mill 
TC/NABL lab 
report 

   P R 

8 

Macro examination 
 
 
 
 
 
 
 

MACRO ANALYSIS 
HOT ETCHING 

ONE 
SPECIMEN 
PER HEAT 

1)The bars  shall not have subsurface conditions, 
random, conditions & centre segregations exceeding 
severity levels of S-3 R-3 and C-3 respectively (ref 1 
Plate-I of  ASTM E 381) 
2) Flute cracks, Gassy , butty tears, splash, flakes and 
pattern shall not be permitted to any degree(ref 1 Plate-
II of  ASTM E 381) 
3) Dendrites  shall not be permitted beyond half radius 
from centre 
 
 
 
 
 
 

MILL TC/ 
NABL LAB 
REPORT  

P R 
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9 

HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 

DIMENSIONS & TOLERANCES  MEASUREMENT 100 % ON 
ALL BARS 

Permissible deviation in size for round bars shall be as 
follows 

The permissible ovality (out of round)measured as the 
difference between the maximum & minimum 
diameters shall be 75% of the total tolerances( plus and 
minus) specified on the diameter 
In case of Hot forged bars Tolerances on OD shall be ± 
5 mm of Nominal OD 

 Over  Up to and 
including 

Tolerance mm 

-- 25 ± 0.5 
25 35 ± 0.6 
35 50 ± 0.8 
50 80 ± 1.0 
80 100 ± 1.3 
100 -- ± 1.6% of diameter 

DIMENSION 
CHECK 
SHEET 

P R 

10 

11 

STRAIGHTNESS MEASUREMENT 
100 % ON 

ALL BARS 

The permissible deviation shall not exceed 5 mm per 
1000 mm length in case of Hot rolled bars & 3 mm per 
1000 mm length in case of Hot forged bars 
 
 
 
 
 
 

DIMENSION 
CHECK 
SHEET 

P R 
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12 HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 

 Visual  Examination Visual 
100 % ON 

ALL BARS 
Material shall be free from defects such as lamination, 
crabs, cracks, Mill scale & rust 

TEST 
REPORT 

P R 

13 
MARKING VISUAL 

100 % ON 
ALL BARS 

All material in each consignment shall be suitably 
marked to identify the supplier, material grade, size & 
length. 

-- 
P R 

 

 

 

 

 

 

 

 

 
Prepared By : Checked By : Reviewed By : Approved By : 

 
 
 

C.VASANTHAKUMAR 
Sr. Manager – Receiving Quality 

 
 
 

MAHESH KULKARNI 
DGM – Receiving Quality 

 
 
 
 
 

 
 
 
 

Chief of Quality Engineering 
 

Note: Sampling Plan: As per IS: 2500- 2000, Part 1, Level -II. Details mentioned in below. 

Lot Size in Nos. Sample Size in Nos. AQL  
 
 

P  - Perform the Activity 
W - Witnessing of Activity 
R - Reviewing of QA Report 
A – Audit check the activity 
 
 

 

2 ~ 50 8 1.5% 

51 ~ 90 13 1.0% 

91~150 20 0.65% 

151~280 32 0.40% 

281~500 50 0.25% 

501~1200 80 0.15% 

1201~3200 125 0.10% 

3201~10000 200 0.065% 
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1 
HOT ROLLED 
SQUARE BARS 
 
 
 

Manufacturing route MILL TC -- Hot rolling process reduction from higher diameter to 
the required size& shall be supplied in straight lengths 
 

MILL TC 
P R 

2 

Supply condition METALLOGRAPHY
/ HT CYCLE 

-- Square bars shall be supplied in Normalized condition  HT cycle 
report/ 
hardness 
report 
 

P R 

3 

Chemical Composition CHEMICAL 
ANALYSIS 

(SPECTROMETER/
WET ANALYS 

IS) 

 
 One 
sample/ heat 
/cast batch  
 
 
 
 
 
 
 
 
 
 
 
 
 

One sample per heat/cast batch shall be checked for 
chemical composition and shall conform to the 
company standard C1001  as below as mentioned in   & 
reports to be submitted along with supply    

Elements Requirement 
C 0.24  Max 
Si 0.43  Max 
Mn 1.55 Max 
S 0.05 Max 
P 0.05  Max  

Total Micro alloy elements(Ti, V,Nb,B etc)shall not 
exceed 0.25% 
Nitrogen content shall not exceed 0.012% 
Copper may be present up to 0.20% Max 
Supplier shall ensure that  elements not indicated above 
shall not present in product 

MILL TC/ 
NABL LAB 
REPORT 

P R 

4 
Carbon equivalent Carbon equivalent 

calculation from 
chemistry 

 0.41 Max Mill 
TC/NABL lab 
report 

 
P 

 
R 

5 Reduction ratio MILL TC 
 Square Bars up to 80 mm diameter shall have reduction 

ratio of 6:1 minimum  & square Bars above 80 mm shall 
have a reduction ratio of 4:1 minimum 

MILL TC 
P R 



 
 
 

EM DIVISION 

QUALITY ASSURANCE PLAN Sheet No: 2 of 4 

MODEL                    DOC No. QAP/C1001RM  
PART NAME    C1001 SQUARE BARS ISSUE No. 01 
PART 
NUMBER                  

C1001 11 DATE 05/08/2024 
 

 

Sl. 
No. 

Components / 
Operation 

Characteristics to be assessed 
Type / method  of 

Check 
Quantum 
of Check 

Reference Standards or Documents 
Acceptance 

Norms 

Format 
of 

records 

Inspecti
on 

scope 

Supplier BEML 

6 HOT ROLLED 
SQUARE BARS 
 
 
 

Mechanical properties Mechanical properties 
testing on specimen 

One sample/ 
heat /cast 
batch 

One sample per heat/cast batch shall be checked for  
Mechanical properties as per C1001 standard  

 

Parameters requirements 
Ultimate Tensile 
strength, MPa 

410 Min 

Yield strength 
,Mpa 

250 Min for width  less than 
20 mm 
240 min for width between 20 
&40 mm 
230 Min  for diameter width 
40 mm 

% Elongation 23 Min 

Mill 
TC/NABL lab 
report 

 
P 

 
R 

7 Mechanical properties Mechanical properties 
testing on specimen 

One sample/ 
heat /cast 
batch 

 
 
 
 
 

Parameters requirements 
Impact strength 
charpy V notch 
@0 deg c 

27 Joules min 

Mill 
TC/NABL lab 
report 

   P R 
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Check 
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Acceptance 
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8 HOT ROLLED 
SQUARE BARS 
 

Macro examination MACRO ANALYSIS 
HOT ETCHING 

ONE 
SPECIMEN 
PER HEAT 

1)The bars  shall not have subsurface conditions, 
random, conditions & centre segregations exceeding 
severity levels of S-3 R-3 and C-3 respectively (ref 1 
Plate-I of  ASTM E 381) 
2) Flute cracks, Gassy , butty tears, splash, flakes and 
pattern shall not be permitted to any degree(ref 1 Plate-
II of  ASTM E 381) 
3) Dendrites  shall not be permitted beyond half radius 
from centre 

MILL TC/ 
NABL LAB 
REPORT  

P R 

9 DIMENSIONS & TOLERANCES  MEASUREMENT 100 % ON 
ALL BARS 

Tolerances for square bars supplied in straight lengths 
as per IS1852 latest issuance 

Side width 
The permissible out of squareness of square bars 
measures as the distance between parallel faces across 
any cross  sections shall be 75% of the total 
tolerance(Plus & minus) specified on side widths 
 

Over  Up to and 
including 

Tolerance mm 

-- 25 ± 0.5 
25 35 ± 0.6 
35 50 ± 0.8 
50 80 ± 1.0 
80 100 ± 1.3 
100 -- ± 1.6% of side width 

DIMENSION 
CHECK 
SHEET 

P R 
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11 

HOT ROLLED  
SQUARE BARS 

STRAIGHTNESS MEASUREMENT 
100 % ON 

ALL BARS 

The permissible deviation shall not exceed 3 mm per 
1000 mm length  
 
 

DIMENSION 
CHECK 
SHEET 

P R 

12  VISUAL  EXAMINATION Visual 
100 % ON 

ALL BARS 
Material shall be free from defects such as lamination, 
crabs, cracks, Mill scale & rust 

TEST 
REPORT 

P R 

13 
MARKING VISUAL 

100 % ON 
ALL BARS 

All material in each consignment shall be suitably 
marked to identify the supplier, material grade, size & 
length. 

-- 
P R 
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C.VASANTHAKUMAR 
Sr. Manager – Receiving Quality 

 
 

MAHESH KULKARNI 
DGM – Receiving Quality 

 
 
 
    

 
 
 

Chief of Quality Engineering 
 

Note: Sampling Plan: As per IS: 2500- 2000, Part 1, Level -II. Details mentioned in below. 

Lot Size in Nos. Sample Size in Nos. AQL  
 
 

P  - Perform the Activity 
W - Witnessing of Activity 
R - Reviewing of QA Report 
A – Audit check the activity 
 
 

 

2 ~ 50 8 1.5% 

51 ~ 90 13 1.0% 

91~150 20 0.65% 

151~280 32 0.40% 

281~500 50 0.25% 

501~1200 80 0.15% 

1201~3200 125 0.10% 

3201~10000 200 0.065% 



DOC NO 323-QP-QEL -RM -TYP SIZE

ISSUE NO 1

Purpose

Scope

Responsibility

Date
24.03.2023
24.03.2023

Procedure

BEML LTD QUALITY PLAN

EM DIVISION
QUALITY PLAN   FOR C1002 88  TYPICAL 

SIZES PAGE NO

1

Name
Prepared by C.VASANTHAKUMAR

1 OF 2

To establish procedures for inspection and testing of C1002 88 SQUARE BARS WITH TYPICAL SIZES Rawmaterials

3

MAHESH KULKARNI

Covers inspection and testing of  C1002 88  Typical sizes

4

2

The quality plan is applicable for for the C1002 88  with Typical sizes

Approved by

Signature
sd
sd

1) The section head of materials group to ensure that the quality plan is sent to all suppliers along with the
    purchase order                                                                                                                                                                                                                              
2) The supplier has to ensure implementation  of the quality plan.
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BEML LTD QUALITY PLAN
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QUALITY PLAN   FOR C1002 88  TYPICAL 
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DOC NO 323-QP-QEL -RM -TYP SIZE

ISSUE NO 1

SLNO

1

3

4

Grade A Grade B
0.20 0.20
0.45 0.45
1.55 1.60

0.040 0.040
0.040 0.040

0.45 0.50

490 540

350 410

330 390

320 380

22 22

Size 10mmX10mm Size 10mmX10mm

27 25

2T 2T

Nil Nil

Impact test piece

8
INTERNAL BEND DIAMETER,  (Min.) 
for plate thickness < 25 mmBEND TEST 

6

Sulphur (S)     (Max.)

Carbon ( C)     (Max.)
Silicon (Si)       (Max.)
Manganese (Mn)     (Max.)

7

Phosphorus (P)    (Max.)

MECHANICAL 
PROPERTIES

Mechanical properties to be tested for every batch & reports to be attached . Mechanical 
propeties shall meets any one of following grades of C1002 company standard

Tensile Strength min. (Mpa)

DIMENSIONS
Dimensional check shall be carried out on  on typical plate as per sampling plan as mentioned 
below. *

SPECIFIC 
REQUIREMENTS .                    
Free from defects-weld 
repair  :

FREE FROM DEFECTS WELD REPAIR

5

CARBON EQUIVALENT 
(C.E)

Carbon equiavalent shall be calculated & reported . It shall meets any one of following grades 
of C1002 company standard

C.E=C+(Mn/6) + [(Cr+Mo+V)/5] 
+ [(Ni+Cu)/15]

Elements

CHEMICAL 
COMPOSITION

Yield Strength min. (Mpa)

Upto 20 mm

20mm - 40mm

Above 40mm

Elongation in % (Min.)

Impact V-notch (J) Min. Guaranteed 
at -20 deg. C  (Min.)

Bend test to be tested for every batch & reports to be attachedas per following method & results shall be 
reported 

INTERNAL BEND DIAMETER,  (Min.) 
for plate thickness  >25 mm

EM DIVISION
QUALITY PLAN   FOR C1002 88  WITH 

TYPICAL SIZES

Table -1

2 SUPPLY CONDITION

 A) Weld repair for removal of surface defects is not permissible.                                                                                                                                                                                                                
B) The plates shall be provided with a corrosion preventive coating to suit transit and storage.                                                                                                                                                                            
C) Plates above 12mm thickness shall be supplied in normalised condition.

PAGE NO 2 OF 2

Visual examination
Material supplied shall be free from mill scale, heavy rust , corrosion pitting cracks and 
laminations

PERIODICITY OF TESTSTEST DESCRIPTION

Chemical composistion to be tested for every batch & reports to be attached . Chemistry shall 
meets any one of following grades of C1002 company standard

BEML LTD QUALITY PLAN
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9

Sampling Plan : As per IS: 2500- 2000, Part 1, Level -II. Details mentioned in below.

Date
24.03.2023
24.03.2023

20
32
50
80

200
125

91~150
151~280
281~500
501~1200
1201~3200
3201~10000

NOTE : SAMPLING PLAN *

Lot Size in Nos

2 ~ 50
51 ~ 90

Sample Size in Nos

8
13

Plate supplies of thickness 10mm and over, shall confirm to ultasonic test requirements as per 
ASTM A578, Level B

MAHESH KULKARNI
sd

Approved by
Prepared by C.VASANTHAKUMAR

sd

Name Signature

ULTRASONIC TEST (UT)



 
 
 

EM DIVISION 

QUALITY ASSURANCE PLAN Sheet No: 1 of 3 

MODEL                    DOC No. QAP/C1101RM  
PART NAME    C1101 ROUND ISSUE No. 01 
PART 
NUMBER                  

C110108/09 DATE 05/08/2024 
 

 

Sl. 
No. 

Components / 
Operation 

Characteristics to be assessed 
Type / method  of 

Check 
Quantum 
of Check 

Reference Standards or Documents 
Acceptance 

Norms 

Format 
of 

records 

Inspecti
on 

scope 
Supplier BEML 

1 

HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 

Manufacturing route MILL TC -- Hot rolling process reduction from higher diameter to 
the required size. Hot rolling is preferable  
In case of  higher diameter above 120 mm free open 
forged bars stock are also permitted    with due regard 
for machining allowances.Free/Open forged bars have 
higher dimensional tolerances than is applicable for 
Hot rolled bars. The steel shall be of Fully Killed Type. 

MILL TC 

P R 

2 

Supply condition METALLOGRAPHY
/ HT CYCLE 

-- Round bars above 12 mm shall be supplied in 
Normalized condition with hardness range of 180/210 
BHN.condition  

HT cycle 
report/ 
hardness 
report 
 

P R 

3 

Chemical Composition CHEMICAL 
ANALYSIS 

(SPECTROMETER/
WET ANALYS 

IS) 

 
 One sample/ 
heat /cast 
batch  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One sample per heat/cast batch shall be checked for 
chemical composition and shall conform to the 
company standard C1101  as below as mentioned in   & 
reports to be submitted along with supply    

Elements Requirement 
C 0.42/0.50 
Si 0.10/0.40 
Mn 0.60/0.90 
S 0.04 Max 
P 0.04Max 
Cr 0.20 Max 
Ni 0.25 Max 
Mo 0.05 Max 
Cu 0.35Max 
V 0.05Max 
Ti 0.05 Max 

 
Besides  the percentage weight of all trace elements put 
together shall not exceed 0.8% 

MILL TC/ 
NABL LAB 
REPORT 

P R 
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of 

records 

Inspecti
on 

scope 

Supplier BEML 

4 
HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 

Reduction ratio MILL TC 
 Bars up to 80 mm diameter shall have reduction ratio 

of 6:1 minimum  & Bars above 80 mm shall have a 
reduction ratio of 4:1 minimum 

MILL TC 
P R 

5 
Grain size 

METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

Grain size of the material shall be in the range of 
ASTM Grain size 5 to 8(Or Equivalent size no  as per 
IS2853  latest issuance) 

MILL TC/ 
NABL LAB 
REPORT  

P R 

6 Inclusion rating   METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

1)Non metallic Inclusions rating (Sulphides, Alumina, 
silicates or globular oxides) rating shall be less than 
severity level 3.0(thin & thick) of IS 4163 latest 
issuance & material shall be free from slag inclusions. 
The same shall be reported along with every batch of 
supplies. 

MILL TC/ 
NABL LAB 
REPORT  

P R 

7 Macro examination 
 
 
 
 
 
 
 

MACRO ANALYSIS 
HOT ETCHING 

ONE 
SPECIMEN 
PER HEAT 

1)The bars  shall not have subsurface conditions, 
random, conditions & centre segregations exceeding 
severity levels of S-3 R-3 and C-3 respectively (ref 1 
Plate-I of  ASTM E 381) 
2) Flute cracks, Gassy , butty tears, splash, flakes and 
pattern shall not be permitted to any degree(ref 1 Plate-
II of  ASTM E 381) 
3) Dendrites  shall not be permitted beyond half radius 
from centre   

MILL TC/ 
NABL LAB 
REPORT  

P R 

8 
DIMENSIONS & TOLERANCES  MEASUREMENT 

100 % ON 
ALL BARS 

Permissible deviation in size for round bars shall be as 
per Grade II of IS 3739 latest issuances   

DIMENSION 
CHECK 
SHEET 

P R 

9 
10 

STRAIGHTNESS MEASUREMENT 
100 % ON 

ALL BARS 
The permissible deviation shall not exceed 3 mm in any 
1000 mm length 

DIMENSION 
CHECK 
SHEET 

P R 
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records 
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11 
HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 

 Visual  Examination Visual 
100 % ON 

ALL BARS 

Material shall be free from defects such as lamination, 
crabs, cracks, severe alloy segregations Mill scale & 
rust 

TEST 
REPORT 

P R 

12 
MARKING VISUAL 

100 % ON 
ALL BARS 

All material in each consignment shall be suitably 
marked to identify the supplier, material grade, size & 
length. 

-- 
P R 
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C.VASANTHAKUMAR 
Sr. Manager – Receiving Quality 

 
 
 

MAHESH KULKARNI 
DGM – Receiving Quality 

 
 
 
 
    

 
 
 
 

Chief of Quality Engineering 
 

Note: Sampling Plan: As per IS: 2500- 2000, Part 1, Level -II. Details mentioned in below. 

Lot Size in Nos. Sample Size in Nos. AQL  
 
 

P  - Perform the Activity 
W - Witnessing of Activity 
R - Reviewing of QA Report 
A – Audit check the activity 
 
 

 

2 ~ 50 8 1.5% 

51 ~ 90 13 1.0% 

91~150 20 0.65% 

151~280 32 0.40% 

281~500 50 0.25% 

501~1200 80 0.15% 

1201~3200 125 0.10% 

3201~10000 200 0.065% 
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1 
HOT ROLLED 
SQUARE BARS 

Manufacturing route MILL TC -- Hot rolling process reduction from higher diameter to 
the required size& shall be supplied in straight lengths 
. The steel shall be of Fully Killed Type. 

MILL TC 
P R 

2 

Supply condition METALLOGRAPHY
/ HT CYCLE 

-- Square bars shall be supplied in Normalized condition 
with hardness range of 180/210 BHN.condition  

HT cycle 
report/ 
hardness 
report 
 

P R 

3 

Chemical Composition CHEMICAL 
ANALYSIS 

(SPECTROMETER/
WET ANALYS 

IS) 

 
 One sample/ 
heat /cast 
batch  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One sample per heat/cast batch shall be checked for 
chemical composition and shall conform to the 
company standard C1101  as below as mentioned in   & 
reports to be submitted along with supply    

Elements Requirement 
C 0.42/0.50 
Si 0.10/0.40 
Mn 0.60/0.90 
S 0.04 Max 
P 0.04Max 
Cr 0.20 Max 
Ni 0.25 Max 
Mo 0.05 Max 
Cu 0.35Max 
V 0.05Max 
Ti 0.05 Max 

 
Besides  the percentage weight of all trace elements put 
together shall not exceed 0.8% 

 

MILL TC/ 
NABL LAB 
REPORT 

P R 
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4 
HOT ROLLED 
SQUARE BARS  
 

Reduction ratio MILL TC 
 Square Bars up to 80 mm diameter shall have reduction 

ratio of 6:1 minimum  &square Bars above 80 mm 
shall have a reduction ratio of 4:1 minimum 

MILL TC 
P R 

5 
Grain size 

METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

Grain size of the material shall be in the range of 
ASTM Grain size 5 to 8(Or Equivalent size no  as per 
IS2853  latest issuance) 

MILL TC/ 
NABL LAB 
REPORT  

P R 

6 Inclusion rating   METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

1)Non metallic Inclusions rating (Sulphides, Alumina, 
silicates or globular oxides) rating shall be less than 
severity level 3.0(thin & thick) of IS 4163 latest 
issuance & material shall be free from slag inclusions. 
The same shall be reported along with every batch of 
supplies. 

MILL TC/ 
NABL LAB 
REPORT  

P R 

7 Macro examination 
 
 
 
 
 
 
 

MACRO ANALYSIS 
HOT ETCHING 

ONE 
SPECIMEN 
PER HEAT 

1)The bars  shall not have subsurface conditions, 
random, conditions & centre segregations exceeding 
severity levels of S-3 R-3 and C-3 respectively (ref 1 
Plate-I of  ASTM E 381) 
2) Flute cracks, Gassy , butty tears, splash, flakes and 
pattern shall not be permitted to any degree(ref 1 Plate-
II of  ASTM E 381) 
3) Dendrites  shall not be permitted beyond half radius 
from centre   

MILL TC/ 
NABL LAB 
REPORT  

P R 

8 
DIMENSIONS & TOLERANCES  MEASUREMENT 

100 % ON 
ALL BARS 

Permissible deviation in size for round bars shall be as 
per Grade II of IS 3739 latest issuances   

DIMENSION 
CHECK 
SHEET 

P R 

9 
10 

STRAIGHTNESS MEASUREMENT 
100 % ON 

ALL BARS 
The permissible deviation shall not exceed 3 mm in any 
1000 mm length 

DIMENSION 
CHECK 
SHEET 

P R 
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records 

Inspecti
on 

scope 
Supplier BEML 

11 
HOT ROLLED 
SQUARE BARS  
 

 Visual  Examination Visual 
100 % ON 

ALL BARS 

Material shall be free from defects such as lamination, 
crabs, cracks, severe alloy segregations Mill scale & 
rust 

TEST 
REPORT 

P R 

12 
MARKING VISUAL 

100 % ON 
ALL BARS 

All material in each consignment shall be suitably 
marked to identify the supplier, material grade, size & 
length. 

-- 
P R 

 

 

 

 

 

 

 

 

 
Prepared By : Checked By : Reviewed By : Approved By : 

 
 
 

C.VASANTHAKUMAR 
Sr. Manager – Receiving Quality 

 
 
 

MAHESH KULKARNI 
DGM – Receiving Quality 

 
 
 
 
   GES  

 
 
 
 

Chief of Quality Engineering 
 

Note: Sampling Plan: As per IS: 2500- 2000, Part 1, Level -II. Details mentioned in below. 

Lot Size in Nos. Sample Size in Nos. AQL  
 
 

P  - Perform the Activity 
W - Witnessing of Activity 
R - Reviewing of QA Report 
A – Audit check the activity 
 
 

 

2 ~ 50 8 1.5% 

51 ~ 90 13 1.0% 

91~150 20 0.65% 

151~280 32 0.40% 

281~500 50 0.25% 

501~1200 80 0.15% 

1201~3200 125 0.10% 

3201~10000 200 0.065% 
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Acceptance 
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1 

HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 

MANUFACTURING ROUTE MILL TC -- Hot rolling process reduction from higher diameter to 
the required size. Hot rolling is preferable  
In case of  higher diameter above 125  mm free open 
forged bars stock are also permitted    with due regard 
for machining allowances.Free/Open forged bars have 
higher dimensional tolerances than is applicable for 
Hot rolled bars. The steel shall be of Fully Killed Type. 

MILL TC 

P R 

2 
SUPPLY CONDITION METALLOGRAPHY

/ HT CYCLE 
-- Round bars shall be supplied in Normalized condition 

with hardness range of 180/229 BHN.condition  
HT cycle 
report/ 
hardness 
report 

P R 

3 

CHEMICAL COMPOSITION CHEMICAL 
ANALYSIS 

(SPECTROMETER/
WET ANALYS 

IS) 

 
 One sample/ 
heat /cast 
batch  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One sample per heat/cast batch shall be checked for 
chemical composition and shall conform to the 
company standard C1204  as below as mentioned in   & 
reports to be submitted along with supply    

Elements Requirement 
C 0.19/0.25 
Si 0.15/0.30 
Mn 0.60/0.95 
S 0.04 Max 
P 0.035 Max 
Cr 0.35/0.65 
Ni 0.35/0.75 
Mo 0.15/0.25 
Cu 0.25 Max 
V 0.05 Max 

 
 

MILL TC/ 
LAB REPORT 

P R 



 
 
 

EM DIVISION 

QUALITY ASSURANCE PLAN Sheet No: 2 of 4 

MODEL                    DOC No. QAP/C1204 RM  
PART NAME    C1204 ROUND ISSUE No. 01 
PART 
NUMBER                  

C120408/09 DATE 05/08/2024 
 

 

Sl. 
No. 

Components / 
Operation 

Characteristics to be assessed 
Type / method  of 

Check 
Quantum 
of Check 

Reference Standards or Documents 
Acceptance 

Norms 

Format 
of 
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on 
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4 
HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

REDUCTION RATIO MILL TC 
 Bars up to 80 mm diameter shall have reduction ratio 

of 6:1 minimum  & Bars above 80 mm shall have a 
reduction ratio of 4:1 minimum 

MILL TC 
P R 

5 
GRAIN SIZE 

METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

Grain size of the material shall be in the range of 
ASTM Grain size 5 to 8(Or Equivalent size no  as per 
IS4748  latest issuance) 
 

NABL LAB 
REPORT/ 
MILL TC 

P R 

6 INCLUSION RATING   METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

1)Non metallic Inclusions rating (Sulphides, Alumina, 
silicates or globular oxides) rating shall be less than 
severity level 3.0(thin & thick) of IS 4163 latest 
issuance & material shall be free from slag inclusions. 
The same shall be reported along with every batch of 
supplies. 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 

7 

MACRO EXAMINATION 
 
 
 
 
 
 
 

MACRO ANALYSIS 
HOT ETCHING 

ONE 
SPECIMEN 
PER HEAT 

1)The bars  shall not have subsurface conditions, 
random, conditions & centre segregations exceeding 
severity levels of S-3 R-3 and C-3 respectively (ref 1 
Plate-I of  ASTM E 381) 
2) Flute cracks, Gassy , butty tears, splash, flakes and 
pattern shall not be permitted to any degree(ref 1 Plate-
II of  ASTM E 381) 
3) Dendrites  shall not be permitted beyond half radius 
from centre   
 
 
 
 
 
 
 
 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 
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8 HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 

JOMINY HARDENABILITY 

JOMINY (TEST AS 
PER IS3448 -1981) 

ONE 
SPECIMEN 
PER HEAT 

The Jominy end quench values shall be ensured  (TEST 
AS PER IS3848 -1981) as follows 
  

Distance from 
quench end in 
mm 

Hardness limits 

 Min Max 
1.5 41 48 
6.0 28 42 
9.0 22 35 
13.5  30 
18.0  27 

 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 

9 
DIMENSIONS & TOLERANCES  MEASUREMENT 

100 % ON 
ALL BARS 

Permissible deviation in size for round bars shall be as 
per Grade II of IS 3739 latest issuances   

DIMENSION 
CHECK 
SHEET 

P R 

10 
STRAIGHTNESS MEASUREMENT 

100 % ON 
ALL BARS 

The permissible deviation shall not exceed 3 mm in any 
1000 mm length 

DIMENSION 
CHECK 
SHEET 

P R 

11 
 VISUAL  EXAMINATION Visual 

100 % ON 
ALL BARS 

Material shall be free from defects such as lamination, 
crabs, cracks, severe alloy segregations Mill scale & 
rust 

TEST 
REPORT 

P R 

12 

MARKING VISUAL 
100 % ON 

ALL BARS 

All material in each consignment shall be suitably 
marked to identify the supplier, material grade, size & 
length. 
 
 
 

-- 

P R 
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C.VASANTHAKUMAR 
Sr. Manager – Receiving Quality 

 
 
 

MAHESH KULKARNI 
DGM – Receiving Quality 

 
 
 
 
    

 
 
 
 

Chief of Quality Engineering 
 

Note: Sampling Plan: As per IS: 2500- 2000, Part 1, Level -II. Details mentioned in below. 

Lot Size in Nos. Sample Size in Nos. AQL  
 
 

P  - Perform the Activity 
W - Witnessing of Activity 
R - Reviewing of QA Report 
A – Audit check the activity 
 
 

 

2 ~ 50 8 1.5% 

51 ~ 90 13 1.0% 

91~150 20 0.65% 

151~280 32 0.40% 

281~500 50 0.25% 

501~1200 80 0.15% 

1201~3200 125 0.10% 

3201~10000 200 0.065% 
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records 
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on 

scope 
Supplier BEML 

1 

HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 

MANUFACTURING ROUTE MILL TC -- Hot rolling process reduction from higher diameter to 
the required size. Hot rolling is preferable  
In case of  higher diameter above 125  mm free open 
forged bars stock are also permitted    with due regard 
for machining allowances.Free/Open forged bars have 
higher dimensional tolerances than is applicable for 
Hot rolled bars. The steel shall be of Fully Killed Type. 

MILL TC 

P R 

2 
SUPPLY CONDITION METALLOGRAPHY

/ HT CYCLE 
-- Round bars shall be supplied in Normalized condition 

with hardness range of 180/229 BHN.condition  
HT cycle 
report/ 
hardness 
report 

P R 

3 

CHEMICAL COMPOSITION CHEMICAL 
ANALYSIS 

(SPECTROMETER/
WET ANALYS 

IS) 

 
 One sample/ 
heat /cast 
batch  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One sample per heat/cast batch shall be checked for 
chemical composition and shall conform to the 
company standard C1205  as below as mentioned in   & 
reports to be submitted along with supply    

Elements Requirement 
C 0.17/0.23 
Si 0.15/0.30 
Mn 0.40/0.70 
S 0.04 Max 
P 0.035 Max 
Cr 0.35/0.65 
Ni 1.55/2.00 
Mo 0.20/0.30 
Cu 0.25  Max 
V 0.05 Max 

 
 

MILL TC/ 
LAB REPORT 

P R 
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of 

records 
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on 

scope 
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4 
HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

REDUCTION RATIO MILL TC 
 Bars up to 80 mm diameter shall have reduction ratio 

of 6:1 minimum  & Bars above 80 mm shall have a 
reduction ratio of 4:1 minimum 

MILL TC 
P R 

5 
GRAIN SIZE 

METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

Grain size of the material shall be in the range of 
ASTM Grain size 5 to 8(Or Equivalent size no  as per 
IS4748  latest issuance) 
 

NABL LAB 
REPORT/ 
MILL TC 

P R 

6 INCLUSION RATING   METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

1)Non metallic Inclusions rating (Sulphides, Alumina, 
silicates or globular oxides) rating shall be less than 
severity level 3.0(thin & thick) of IS 4163 latest 
issuance & material shall be free from slag inclusions. 
The same shall be reported along with every batch of 
supplies. 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 

7 

MACRO EXAMINATION 
 
 
 
 
 
 
 

MACRO ANALYSIS 
HOT ETCHING 

ONE 
SPECIMEN 
PER HEAT 

1)The bars  shall not have subsurface conditions, 
random, conditions & centre segregations exceeding 
severity levels of S-3 R-3 and C-3 respectively (ref 1 
Plate-I of  ASTM E 381) 
2) Flute cracks, Gassy , butty tears, splash, flakes and 
pattern shall not be permitted to any degree(ref 1 Plate-
II of  ASTM E 381) 
3) Dendrites  shall not be permitted beyond half radius 
from centre   
 
 
 
 
 
 
 
 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 
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8 HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 

JOMINY HARDENABILITY 

JOMINY (TEST AS 
PER IS3448 -1981) 

ONE 
SPECIMEN 
PER HEAT 

The Jominy end quench values shall be ensured  (TEST 
AS PER IS3848 -1981) as follows 
  

Distance from 
quench end in 
mm 

Hardness limits 

 Min Max 
1.5 41 48 
6.0 32 44 
9.0 27 39 
13.5 23 33 
18.0 20 30 

 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 

9 
DIMENSIONS & TOLERANCES  MEASUREMENT 

100 % ON 
ALL BARS 

Permissible deviation in size for round bars shall be as 
per Grade II of IS 3739 latest issuances   

DIMENSION 
CHECK 
SHEET 

P R 

10 
STRAIGHTNESS MEASUREMENT 

100 % ON 
ALL BARS 

The permissible deviation shall not exceed 3 mm in any 
1000 mm length 

DIMENSION 
CHECK 
SHEET 

P R 

11 
 VISUAL  EXAMINATION Visual 

100 % ON 
ALL BARS 

Material shall be free from defects such as lamination, 
crabs, cracks, severe alloy segregations Mill scale & 
rust 

TEST 
REPORT 

P R 

12 

MARKING VISUAL 
100 % ON 

ALL BARS 

All material in each consignment shall be suitably 
marked to identify the supplier, material grade, size & 
length. 
 
 
 

-- 

P R 
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C.VASANTHAKUMAR 
Sr. Manager – Receiving Quality 

 
 
 

MAHESH KULKARNI 
DGM – Receiving Quality 

 
 
 
 
 

 
 
 
 

Chief of Quality Engineering 
 

Note: Sampling Plan: As per IS: 2500- 2000, Part 1, Level -II. Details mentioned in below. 

Lot Size in Nos. Sample Size in Nos. AQL  
 
 

P  - Perform the Activity 
W - Witnessing of Activity 
R - Reviewing of QA Report 
A – Audit check the activity 
 
 

 

2 ~ 50 8 1.5% 

51 ~ 90 13 1.0% 

91~150 20 0.65% 

151~280 32 0.40% 

281~500 50 0.25% 

501~1200 80 0.15% 

1201~3200 125 0.10% 

3201~10000 200 0.065% 



 
 
 

EM DIVISION 

QUALITY ASSURANCE PLAN Sheet No: 1 of 4 

MODEL                    DOC No. QAP/C1209 RM  
PART NAME    C1209 ROUND ISSUE No. 01 
PART 
NUMBER                  

C120908/09 DATE 05/08/2024 
 

 

Sl. 
No. 

Components / 
Operation 

Characteristics to be assessed 
Type / method  of 

Check 
Quantum 
of Check 

Reference Standards or Documents 
Acceptance 

Norms 

Format 
of 
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1 

HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 

MANUFACTURING ROUTE MILL TC -- Hot rolling process reduction from higher diameter to 
the required size. Hot rolling is preferable  
In case of  higher diameter above 125  mm free open 
forged bars stock are also permitted    with due regard 
for machining allowances.Free/Open forged bars have 
higher dimensional tolerances than is applicable for 
Hot rolled bars. The steel shall be of Fully Killed Type. 

MILL TC 

P R 

2 
SUPPLY CONDITION METALLOGRAPHY

/ HT CYCLE 
-- Round bars shall be supplied in Normalized condition 

with hardness range of 180/229 BHN.condition  
HT cycle 
report/ 
hardness 
report 

P R 

3 

CHEMICAL COMPOSITION CHEMICAL 
ANALYSIS 

(SPECTROMETER/
WET ANALYS 

IS) 

 
 One sample/ 
heat /cast 
batch  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One sample per heat/cast batch shall be checked for 
chemical composition and shall conform to the 
company standard C1209  as below as mentioned in   & 
reports to be submitted along with supply    

Elements Requirement 
C 0.32/0.38 
Si 0.15/0.30 
Mn 0.60/1.00 
S 0.04 Max 
P 0.035 Max 
Cr 0.75/1.20 
Mo 0.15/0.25 

 
Besides  the percentage weight of all trace elements put 
together shall not exceed 0.25% 

MILL TC/ 
LAB REPORT 

P R 
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4 
HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

REDUCTION RATIO MILL TC 
 Bars up to 80 mm diameter shall have reduction ratio 

of 6:1 minimum  & Bars above 80 mm shall have a 
reduction ratio of 4:1 minimum 

MILL TC 
P R 

5 
GRAIN SIZE 

METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

Grain size of the material shall be in the range of 
ASTM Grain size 5 to 8(Or Equivalent size no  as per 
IS4748  latest issuance) 
 

NABL LAB 
REPORT/ 
MILL TC 

P R 

6 INCLUSION RATING   METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

1)Non metallic Inclusions rating (Sulphides, Alumina, 
silicates or globular oxides) rating shall be less than 
severity level 3.0(thin & thick) of IS 4163 latest 
issuance & material shall be free from slag inclusions. 
The same shall be reported along with every batch of 
supplies. 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 

7 

MACRO EXAMINATION 
 
 
 
 
 
 
 

MACRO ANALYSIS 
HOT ETCHING 

ONE 
SPECIMEN 
PER HEAT 

1)The bars  shall not have subsurface conditions, 
random, conditions & centre segregations exceeding 
severity levels of S-3 R-3 and C-3 respectively (ref 1 
Plate-I of  ASTM E 381) 
2) Flute cracks, Gassy , butty tears, splash, flakes and 
pattern shall not be permitted to any degree(ref 1 Plate-
II of  ASTM E 381) 
3) Dendrites  shall not be permitted beyond half radius 
from centre   
 
 
 
 
 
 
 
 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 
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8 HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 

JOMINY HARDENABILITY 

JOMINY (TEST AS 
PER IS3448 -1981) 

ONE 
SPECIMEN 
PER HEAT 

The Jominy end quench values shall be ensured  (TEST 
AS PER IS3848 -1981) as follows 
  

Distance from 
quench end in 
mm 

Hardness limits 

 Min Max 
1.5 51 58 
9.0 45 55 
19 33 49 

 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 

9 
DIMENSIONS & TOLERANCES  MEASUREMENT 

100 % ON 
ALL BARS 

Permissible deviation in size for round bars shall be as 
per Grade II of IS 3739 latest issuances   

DIMENSION 
CHECK 
SHEET 

P R 

10 
STRAIGHTNESS MEASUREMENT 

100 % ON 
ALL BARS 

The permissible deviation shall not exceed 3 mm in any 
1000 mm length 

DIMENSION 
CHECK 
SHEET 

P R 

11 
 VISUAL  EXAMINATION Visual 

100 % ON 
ALL BARS 

Material shall be free from defects such as lamination, 
crabs, cracks, severe alloy segregations Mill scale & 
rust 

TEST 
REPORT 

P R 

12 

MARKING VISUAL 
100 % ON 

ALL BARS 

All material in each consignment shall be suitably 
marked to identify the supplier, material grade, size & 
length. 
 
 
 

-- 

P R 
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Prepared By : Checked By : Reviewed By : Approved By : 

 
 
 

C.VASANTHAKUMAR 
Sr. Manager – Receiving Quality 

 
 
 

MAHESH KULKARNI 
DGM – Receiving Quality 

 
 
 
 
 

 
 
 
 

Chief of Quality Engineering 
 

Note: Sampling Plan: As per IS: 2500- 2000, Part 1, Level -II. Details mentioned in below. 

Lot Size in Nos. Sample Size in Nos. AQL  
 
 

P  - Perform the Activity 
W - Witnessing of Activity 
R - Reviewing of QA Report 
A – Audit check the activity 
 
 

 

2 ~ 50 8 1.5% 

51 ~ 90 13 1.0% 

91~150 20 0.65% 

151~280 32 0.40% 

281~500 50 0.25% 

501~1200 80 0.15% 

1201~3200 125 0.10% 

3201~10000 200 0.065% 
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1 

HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 

MANUFACTURING ROUTE MILL TC -- Hot rolling process reduction from higher diameter to 
the required size. Hot rolling is preferable  
In case of  higher diameter above 125  mm free open 
forged bars stock are also permitted    with due regard 
for machining allowances.Free/Open forged bars have 
higher dimensional tolerances than is applicable for 
Hot rolled bars. The steel shall be of Fully Killed Type. 

MILL TC 

P R 

2 
SUPPLY CONDITION METALLOGRAPHY

/ HT CYCLE 
-- Round bars shall be supplied in Normalized condition 

with hardness range of 240/277  BHN.condition  
HT cycle 
report/ 
hardness 
report 

P R 

3 

CHEMICAL COMPOSITION CHEMICAL 
ANALYSIS 
(SPECTROMETER/
WET ANALYS 
IS) 

 
 One sample/ 
heat /cast 
batch  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One sample per heat/cast batch shall be checked for 
chemical composition and shall conform to the 
company standard C1210  as below as mentioned in   & 
reports to be submitted along with supply    

Elements Requirement 
C 0.37/0.44 
Si 0.15/0.35 
Mn 0.55/0.90 
S 0.04 Max 
P 0.035 Max 
Ni 1.55/2.00 
Cr 0.65/0.95 
Mo 0.20/0.30 

 
 

MILL TC/ 
LAB REPORT 

P R 
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4 
HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

REDUCTION RATIO MILL TC 
 Hot rolled  shall have reduction ratio of 6:1 minimum  

& Hot forged round bars shall have reduction ratio of 
4:1 minimum 

MILL TC 
P R 

5 
GRAIN SIZE 

METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

Grain size of the material shall be in the range of 
ASTM Grain size 5 to 8(Or Equivalent size no  as per 
IS4748  latest issuance) 
 

NABL LAB 
REPORT/ 
MILL TC 

P R 

6 INCLUSION RATING   METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

1)Non metallic Inclusions rating (Sulphides, Alumina, 
silicates or globular oxides) rating shall be less than 
severity level 3.0(thin & thick) of IS 4163 latest 
issuance & material shall be free from slag inclusions. 
The same shall be reported along with every batch of 
supplies. 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 

7 MACRO EXAMINATION 
 
 
 
 
 
 
 

MACRO ANALYSIS 
HOT ETCHING 

ONE 
SPECIMEN 
PER HEAT 

1)The bars  shall not have subsurface conditions, 
random conditions & centre segregations exceeding 
severity levels of S-3 R-3 and C-3 respectively (ref 1 
Plate-I of  ASTM E 381) 
2) Flute cracks, Gassy , butty tears, splash, flakes and 
pattern shall not be permitted to any degree(ref 1 Plate-
II of  ASTM E 381) 
3) Dendrites  shall not be permitted beyond half  radius 
from the centre   
 
 
 
 
 
 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 
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8 HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 

JOMINY HARDENABILITY JOMINY (TEST AS 
PER IS3448 -1981) 

ONE 
SPECIMEN 
PER HEAT 

The Jominy end quench values shall be ensured  (TEST 
AS PER IS3848 -1981) as follows 
  

Distance from 
quench end in 
mm 

Hardness limits 

 Min Max 
1.5 53 60 
13.5 52 60 
19.5 50 59 
24 48 58 
50 40 56 

 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 

9 
DIMENSIONS & TOLERANCES  MEASUREMENT 

100 % ON 
ALL BARS 

Permissible deviation in size for round bars shall be as 
per Grade II of IS 3739 latest issuances   
 

DIMENSION 
CHECK 
SHEET 

P R 

10 
STRAIGHTNESS MEASUREMENT 

100 % ON 
ALL BARS 

The permissible deviation shall not exceed 3 mm in any 
1000 mm length 

DIMENSION 
CHECK 
SHEET 

P R 

11 

 VISUAL  EXAMINATION Visual 
100 % ON 

ALL BARS 

Material shall be free from defects such as lamination, 
crabs, cracks, severe alloy segregations Mill scale & 
rust 
 
 

TEST 
REPORT 

P R 
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12 

HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 

MARKING VISUAL 100 % ON 
ALL BARS All material in each consignment shall be suitably 

marked to identify the supplier, material grade, size & 
length. 

-- 

P R 

 

 

 

 

 

 

 

 

 
Prepared By : Checked By : Reviewed By : Approved By : 

 
 
 

C.VASANTHAKUMAR 
Sr. Manager – Receiving Quality 

 
 
 

MAHESH KULKARNI 
DGM – Receiving Quality 

 
 
 
 
 

 
 
 
 

Chief of Quality Engineering 
 

Note: Sampling Plan: As per IS: 2500- 2000, Part 1, Level -II. Details mentioned in below. 

Lot Size in Nos. Sample Size in Nos. AQL  
 
 

P  - Perform the Activity 
W - Witnessing of Activity 
R - Reviewing of QA Report 
A – Audit check the activity 
 
 

 

2 ~ 50 8 1.5% 

51 ~ 90 13 1.0% 

91~150 20 0.65% 

151~280 32 0.40% 

281~500 50 0.25% 

501~1200 80 0.15% 

1201~3200 125 0.10% 

3201~10000 200 0.065% 



 
 
 

EM DIVISION 

QUALITY ASSURANCE PLAN Sheet No: 1 of 4 

MODEL                    DOC No. QAP/C1212 RM  
PART NAME    C1212 ROUND ISSUE No. 01 
PART 
NUMBER                  

C121208/09 DATE 05/08/2024 
 

 

Sl. 
No. 

Components / 
Operation 

Characteristics to be assessed 
Type / method  of 

Check 
Quantum 
of Check 

Reference Standards or Documents 
Acceptance 

Norms 

Format 
of 

records 

Inspecti
on 

scope 
Supplier BEML 

1 

HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 

MANUFACTURING ROUTE MILL TC -- Hot rolling process reduction from higher diameter to 
the required size. Hot rolling is preferable  
In case of  higher diameter above 125  mm free open 
forged bars stock are also permitted    with due regard 
for machining allowances.Free/Open forged bars have 
higher dimensional tolerances than is applicable for 
Hot rolled bars. The steel shall be of Fully Killed Type. 

MILL TC 

P R 

2 
SUPPLY CONDITION METALLOGRAPHY

/ HT CYCLE 
-- Round bars shall be supplied in Normalized condition 

with hardness range of 180/229  BHN.condition  
HT cycle 
report/ 
hardness 
report 

P R 

3 

CHEMICAL COMPOSITION CHEMICAL 
ANALYSIS 
(SPECTROMETER/
WET ANALYS 
IS) 

 
 One sample/ 
heat /cast 
batch  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One sample per heat/cast batch shall be checked for 
chemical composition and shall conform to the 
company standard C1212  as below as mentioned in   & 
reports to be submitted along with supply    

Elements Requirement 
C 0.37/0.44 
Si 0.15/0.35 
Mn 0.65/1.10 
S 0.04 Max 
P 0.035 Max 
Cr 0.75/1.20 
Mo 0.15/0.25 

 
Besides  the percentage weight of all trace elements put 
together shall not exceed 0.25% 

MILL TC/ 
LAB REPORT 

P R 
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4 
HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

REDUCTION RATIO MILL TC 
 Bars up to 80 mm diameter shall have reduction ratio 

of 6:1 minimum  & Bars above 80 mm shall have a 
reduction ratio of 4:1 minimum 

MILL TC 
P R 

5 
GRAIN SIZE 

METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

Grain size of the material shall be in the range of 
ASTM Grain size 5 to 8(Or Equivalent size no  as per 
IS4748  latest issuance) 
 

NABL LAB 
REPORT/ 
MILL TC 

P R 

6 INCLUSION RATING   METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

1)Non metallic Inclusions rating (Sulphides, Alumina, 
silicates or globular oxides) rating shall be less than 
severity level 2.0(thin & thick) of IS 4163 latest 
issuance & material shall be free from slag inclusions. 
The same shall be reported along with every batch of 
supplies. 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 

7 MACRO EXAMINATION 
 
 
 
 
 
 
 

MACRO ANALYSIS 
HOT ETCHING 

ONE 
SPECIMEN 
PER HEAT 

1)The bars  shall not have subsurface conditions, 
random conditions & centre segregations exceeding 
severity levels of S-2 R-3 and C-3 respectively (ref 1 
Plate-I of  ASTM E 381) 
2) Flute cracks, Gassy , butty tears, splash, flakes and 
pattern shall not be permitted to any degree(ref 1 Plate-
II of  ASTM E 381) 
3)Thermal defects such as burnt structure excessive 
grain growth (Coarser than grain size 5)grain boundary 
oxide  & sulphide films, graphitisation & pitted surface 
are not permitted 
4) Dendrites  shall not be permitted beyond one third 
radius from the centre   
 
 
 
 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 
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8 HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 

JOMINY HARDENABILITY JOMINY (TEST AS 
PER IS3448 -1981) 

ONE 
SPECIMEN 
PER HEAT 

The Jominy end quench values shall be ensured  (TEST 
AS PER IS3848 -1981) as follows 
  

Distance from 
quench end in 
mm 

Hardness limits 

 Min Max 
1.5 53 60 
7.0 51 59 
9.0 50 59 
13 46 57 
20 38 55 
25 35 53 
50 30 45 

 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 

9 
DIMENSIONS & TOLERANCES  MEASUREMENT 

100 % ON 
ALL BARS 

Permissible deviation in size for round bars shall be as 
per Grade II of IS 3739 latest issuances   

DIMENSION 
CHECK 
SHEET 

P R 

10 
STRAIGHTNESS MEASUREMENT 

100 % ON 
ALL BARS 

The permissible deviation shall not exceed 3 mm in any 
1000 mm length 

DIMENSION 
CHECK 
SHEET 

P R 

11 

 VISUAL  EXAMINATION Visual 
100 % ON 

ALL BARS 

Material shall be free from defects such as lamination, 
crabs, cracks, severe alloy segregations Mill scale & 
rust 
 
 

TEST 
REPORT 

P R 
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12 

HOT ROLLED 
BARS& OPEN 
FREE FORGED 
BARS 
 

MARKING VISUAL 100 % ON 
ALL BARS All material in each consignment shall be suitably 

marked to identify the supplier, material grade, size & 
length. 

-- 

P R 
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C.VASANTHAKUMAR 
Sr. Manager – Receiving Quality 

 
 
 

MAHESH KULKARNI 
DGM – Receiving Quality 

 
 
 
 
    

 
 
 
 

Chief of Quality Engineering 
 

Note: Sampling Plan: As per IS: 2500- 2000, Part 1, Level -II. Details mentioned in below. 

Lot Size in Nos. Sample Size in Nos. AQL  
 
 

P  - Perform the Activity 
W - Witnessing of Activity 
R - Reviewing of QA Report 
A – Audit check the activity 
 
 

 

2 ~ 50 8 1.5% 

51 ~ 90 13 1.0% 

91~150 20 0.65% 

151~280 32 0.40% 

281~500 50 0.25% 

501~1200 80 0.15% 

1201~3200 125 0.10% 

3201~10000 200 0.065% 
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1 
HOT ROLLED 
BARS 

MANUFACTURING ROUTE MILL TC -- Hot rolling process reduction from higher diameter to 
the required size.  
 The steel shall be of Fully Killed Type. 

MILL TC 
P R 

2 
SUPPLY CONDITION METALLOGRAPHY

/ HT CYCLE 
-- Round bars shall be supplied in Normalized condition 

with hardness of  255 BHN Max  
HT cycle 
report/ 
hardness 
report 

P R 

3 

CHEMICAL COMPOSITION CHEMICAL 
ANALYSIS 

(SPECTROMETER/
WET ANALYS 

IS) 

 
 One sample/ 
heat /cast 
batch  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

One sample per heat/cast batch shall be checked for 
chemical composition and shall conform to the 
company standard C1215  as below as mentioned in   & 
reports to be submitted along with supply    

Elements Requirement 
C 0.40/0.45 
Si 0.15/0.30 
Mn 0.75/1.00 
S 0.04 Max 
P 0.025 Max 
Cr 0.80/1.10 
Mo 0.15/0.25 
Cu 0.35 Max 
Ni 0.25 Max 
B 0.0003 Max 

 
 
 
 
 

MILL TC/ 
LAB REPORT 

P R 
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4 
HOT ROLLED 
BARS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

REDUCTION RATIO MILL TC 
 Bars up to 80 mm diameter shall have reduction ratio 

of 6:1 minimum  & Bars above 80 mm shall have a 
reduction ratio of 4:1 minimum 

MILL TC 
P R 

5 
GRAIN SIZE 

METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

Grain size of the material shall be austenitic grain size  
ASTM No: 5  or finer as per SAE J 418 

NABL LAB 
REPORT/ 
MILL TC 

P R 

6 INCLUSION RATING   METALLOGRAPHY ONE 
SPECIMEN 
PER HEAT 

1)Non metallic Inclusions rating (Sulphides, Alumina, 
silicates or globular oxides) rating shall be less than 
severity level 2.5(thin & thick) of IS 4163 latest  
2) for vacuum treated /vacuum degases steels , the 
inclusion rating shall not exceed level 2.0(thin & thick) 
of IS 4163 latest  
3)The metallic inclusion of both thin & thick type of 
maximum permissible severity(as above)occurring 
together is not permissible 
 4)Slag & dross are not permitted 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 

7 

MACRO EXAMINATION 
 
 
 
 
 
 
 

MACRO ANALYSIS 
HOT ETCHING 

ONE 
SPECIMEN 
PER HEAT 

1)The bars  shall not have subsurface conditions, 
random, conditions & centre segregations exceeding 
severity levels of S-2 R-3 and C-3 respectively (ref 1 
Plate-I of  ASTM E 381) 
2) Flute cracks, Gassy , butty tears, splash, flakes and 
pattern shall not be permitted to any degree(ref 1 Plate-
II of  ASTM E 381) 
3) Dendrites  shall not be permitted beyond half radius 
from centre   
 
 
 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 
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8 HOT ROLLED 
BARS 

JOMINY HARDENABILITY 

JOMINY (TEST AS 
PER IS3448 -1981) 

ONE 
SPECIMEN 
PER HEAT 

The Jominy end quench values shall be ensured  (TEST 
AS PER IS3848 -1981) as follows 
  

Distance from 
quench end in 
mm 

Hardness limits 

 Min Max 
1.5 56 61 
7.0 55 60 

20 48 56 
30 41 52 
40 38 48 

 

NABL LAB 
REPORT/ 
MILL TC 
 

P R 

9 
DIMENSIONS & TOLERANCES  MEASUREMENT 

100 % ON 
ALL BARS 

Permissible deviation in size for round bars shall be as 
per Grade II of IS 3739 latest issuances   

DIMENSION 
CHECK 
SHEET 

P R 

10 
STRAIGHTNESS MEASUREMENT 

100 % ON 
ALL BARS 

The permissible deviation shall not exceed 3 mm in any 
1000 mm length 

DIMENSION 
CHECK 
SHEET 

P R 

11 
 VISUAL  EXAMINATION Visual 

100 % ON 
ALL BARS 

Material shall be free from defects such as lamination, 
crabs, cracks, severe alloy segregations Mill scale & 
rust 

TEST 
REPORT 

P R 

12 
MARKING VISUAL 

100 % ON 
ALL BARS 

All material in each consignment shall be suitably 
marked to identify the supplier, material grade, size & 
length. 
 

-- 

P R 
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Prepared By : Checked By : Reviewed By : Approved By : 
 
 
 

C.VASANTHAKUMAR 
Sr. Manager – Receiving Quality 

 
 
 

MAHESH KULKARNI 
DGM – Receiving Quality 

 
 
 
 
 

 
 
 
 

Chief of Quality Engineering 
 

Note: Sampling Plan: As per IS: 2500- 2000, Part 1, Level -II. Details mentioned in below. 

Lot Size in Nos. Sample Size in Nos. AQL  
 
 

P  - Perform the Activity 
W - Witnessing of Activity 
R - Reviewing of QA Report 
A – Audit check the activity 
 
 

 

2 ~ 50 8 1.5% 

51 ~ 90 13 1.0% 

91~150 20 0.65% 

151~280 32 0.40% 

281~500 50 0.25% 

501~1200 80 0.15% 

1201~3200 125 0.10% 

3201~10000 200 0.065% 













 
 
 

EN39B Case hardening steel 
 
 

C Si Mn Ni Cr Mo S P Typical Analysis 
(Ave. values %) 

0.15 0.25 0.4 4.2 1.2 0.25 0.025 0.025 

AS DIN BS  
NEAREST 
STANDARD  X9315 1.6723 835 M 15 

 
 

DESCRIPTION 
4¼% Nickel Chromium Molybdenum case hardening steel for large and highly 
stressed applications. 

 
 

APPLICATIONS 
Components with large cross sections requiring very high toughness and core 
strength (1300 MPa) such as gears, gear shafts and heavy duty gear shafts in 
aircraft, truck construction and mechanical engineering. 

 
 

Tensile 
Strength 

MPa 

Elong. 
% 

Izod 
Impact 

J 

Brinell 
Hardness 
Annealed 

 
MECHANICAL 
PROPERTIES 
Heat Treated 
Condition 
 
 

1310 12 33 277 max 

 
 

Forge 850-1050
o
C. Cool in furnace. 

Normalize 850-880
o
C. Air cool. 

Anneal 650-700
o
C. Cool slowly in controlled furnace. 

Carburize 880-930
o
C. Furnace or Air cool 

Core Refine 850-880
o
C. Oil quench or Air cool. 

Harden 760-780
o
C Oil quench. 

 
HEAT 
TREATMENT 

Temper 180-200
o
C air cool 

 
 

WELDING 
Parts should be welded before Carburizing and Hardening. Preheat to 250-350

o
C. 

Filler metals:-Bohler FOX DCMS-KB or FOX 2.5 Ni electrodes.  DCMS-IG wire. 

 
 

SIZE  
RANGE 

Round  42-142 mm 

 



 
 
 

LOCATIONS 

Bohler Uddeholm Australia Pty Ltd ABN 15000013052 

Sydney 129-135 McCredie Rd Guildford  2161 Ph (02) 8724 5554 Fax (02) 8724 5555 

Newcastle 3 Pavilion Pl Cardiff  2285 Ph (02) 4954 6611 Fax (02) 4956 5773 

Albury 1 Eames St Albury  2640 Ph (02) 6041 3399 Fax (02) 6041 1820 

Wollongong 40 Doyle Ave Unanderra  2526 Ph (02) 4272 6544 Fax (02) 4272 7563 

Marayong 1/21 Binney Rd Marayong  2148 Ph (02) 9831 4431 Fax (02) 9671 1682 

Melbourne 282-290 Greens Rd Dandenong  3175 Ph (03) 9767 5554 Fax (03) 9767 5555 

Bayswater 4 Amsted Rd Bayswater  3153 Ph (03) 9739 8022 Fax  (03) 9739 8033 

Adelaide 1 Williams Cir Pooraka  5095 Ph (08) 8368 4554 Fax (08) 8368 4555 

Brisbane 12-18 Limestone St Darra  4076 Ph (07) 3712 9554 Fax (07) 3712 9555 

Townsville 9-11 Caldwell St Garbutt 4814 Ph (07) 4479 4800 Fax (07) 4725 1316 

Perth 29-33 Gauge Cir Canningvale  6155 Ph (08) 9455 8672 Fax (08) 9455 8673 

Kewdale 5 Beete St Welshpool  6106 Ph (08) 9350 9582 Fax (08) 9350 9683 

Launceston 20 Murphy St Invermay  7248 Ph (03) 6334 3542 Fax (03) 6331 4001 

www.buau.com.au 

Every care has been taken in listing this information, particularly specifications. Bohler Uddeholm Australia Pty Ltd will not accept 
responsibility for any loss or other damage caused to any person or Company as a result of the use of information contained herein 

 
Notes 

 

 





M BEML

1 Material Composition 1/Heat Standard / TDC C1209-08 / SAE4135H VD /En 19 of BS 970 NABL 

Report

P V / P

2 Delivery Condition Heat Treatment 100% Standard / TDC Normalised Condition HT Record P V

Tensile, Yield strength 

& Hardness

1/ Heat Standard / TDC Tensile Strength -800N/mm2(min)

Yield Strength -540N/mm2(min)

Hardness: 180~229 BHN

NABL 

Report

P V

Reduction Ratio 1/ Heat Standard / TDC Rods upto Ø80mm: 6:1 minimum

Rods >Ø80mm: 4:1 minimum

Mill TC P V

Inclusion Rating 1/ Heat Standard / TDC 1 no. sample shall be checked for inclusion rating 

and report to be sent along with each consignment 

as per IS :4163-1982.Type A-B-C-D for both Thin & 

Thick 2.5max.

NABL 

Report

P V

Grain Size 1/ Heat Standard / TDC Grain Size -5 to 8(or equivalent as per IS:2853-1964 

&ASTM E-112)

Mill TC P V

5 Hardenability Measure 1/ Heat Standard / TDC Hardenability values shall be reported. Test as per 

IS:3448-1981.

NABL 

Report

P V

6 Macro Examination Measure 1/ Heat Standard / TDC Bars shall not have Sub surface conditions, Random 

conditions and Centre segregation exceeding 

severely levels of C3,R3, S3 as per ASTME381

Dendrites shall not be permitted beyond half radius 

from center.

NABL 

Report

P V

7 NDT Measure 100% Standard / TDC 100% on all the rounds to meet ASTM A609 - 4mm 

FBH.

UT Report P V

8 Surface condition Visual Inspection 100% Standard / TDC Free from flute cracks, Gassy, Butt tears, splash, 

flakes and   any other visual defects.

Visual  

Report

P A

9 Dimensions Measure 100% Standard / TDC Shall confirm to standard / TDC requirements.

Permissible deviation in straightness shall not 

exceed 3mm / 1000mm length.

Check 

sheet

P P

Prepared by Reviewed by Approved by

Harika Reddy A Dinesh G Ganapati Bhat

QUALITY PLAN FOR C1209 ROUNDS

DOC NO : HP-QH-REC-QP-RM-010 /Rev 00 Dtd 13.11.2023
Sl 
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Component

Inspection

3 Mechanical 

Properties in 

normalised Condition

4 Metallographic 

Properties

Characteristics / 
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Accepted standards / Specs Format of 

Record

Quantum 

of Check

   



DOC NO : HP-QH-REC-QP-RM-010/ Rev 00 Dtd 13.11.2023

M BEML

Sl 

No

Description / 

Component

InspectionCharacteristics / 

Parameters / Type of 

check

Testing 

Standards

Accepted standards / Specs Format of 

Record

Quantum 

of Check

10 Identification Marks Visual Inspection 100% Standard / TDC Part number, Heat Number, Material, Vendor code 

shall be provided on item.

BEML Colour coding [Yellow-Brown-Al White] at both 

ends as per PR1002-C 

- P V

Note: 

LOT SIZE
General Inspection 

level I

SAMPLE 

SIZE

2 ~ 90 C 5

91~150 D 8
151~280 E 13
281~500 F 20

501~1200 G 32
1201~3200 H 50

3201~10000 J 80

Prepared by Reviewed by Approved by

Harika Reddy A Dinesh G Ganapati Bhat

1) This Quality plan will applicable only for all C1209 Material Rounds

2) Warranty /Guarantee certificate shall be provided as per terms & conditions of Purchase order

TABLE 1  (Ref: IS 2500-Part 1:2000)

LEGEND - M -Manufacturer, P - Perform, V- Verification of documents, A- Audit checking, *- If applicable



Form-MA - Manufacturer’s Authorization Form
[The  Bidder  shall  require  the  Manufacturer  to  fill  in  this  Form  in  accordance  with  the
instructions  indicated.  This  letter  of  authorization  should  be  on  the  letterhead  of  the
Manufacturer and should be signed by a person with the proper authority to sign documents
that are legally binding on the Manufacturer.] 

Date: [insert date (as day, month and year) of Bid Submission]

BID No.: [insert number of bidding process]

Alternative No.: [insert identification No if this is a Bid for an alternative]

To:

[insert complete name of Purchaser]

WHEREAS

We  [insert  complete  name of  Manufacturer],  who are official  manufacturers  of  [insert  type of
goods  manufactured],  having  factories  at  [insert  full  address  of  Manufacturer’s  factories],  do
hereby authorize  [insert  complete name of Bidder]  to submit a bid the purpose of which is to
provide the following Goods,  manufactured by us  [insert  name and or brief  description of  the
Goods], and to subsequently negotiate and sign the Contract against the Bid Document.

We hereby extend our full guarantee and warranty in accordance with Warrant Clause of the terms
& Conditions of Contract, with respect to the Goods offered by the above firm against this BID. We
as a manufacturer of  [insert type of goods manufactured] confirm to provide the spare & service
support for a minimum period of 5 years after commissioning

Signed: [insert signature(s) of authorized representative(s) of the Manufacturer]

Name: [insert complete name(s) of authorized representative(s) of the Manufacturer]

Title: [insert title]

Duly authorized to sign this Authorization on behalf of: [insert complete name of Bidder]

Dated on_____________day of __________________,_________[insert date of signing]

Note – Modify this format suitably in cases where manufacturer’s warranty and guarantee are
not applicable for the items for which bids are invited. If the supply consists of number of items,
indicate the specific item (s) for which alone the above authorization is required.

Mandated Enclosure: UDYAM Certificate of Manufacturer/OEM/support document to be an OEM.



Annexure III 

Compliance certificate 

Bidders having beneficial ownership in countries which share land border with India 

I. Any bidder from a country which shares a land border with India will be eligible to bid in 

this tender only if the bidder is registered with the competent Authority. 

II. “ Bidder “ (including the term ‘ tenderer ‘ , consultant ‘ or service provider ‘ in certain 

contexts) means any person or firm or company , including any member of a consortium 

or joint venture ( that is an association of several persons, or firms or companies) every 

artificial juridical person not falling in any of the descriptions of bidders stated here in 

before , including any agency branch or office controlled by such person , participating 

in a process. 

III. “Bidder from a country which shares a land border with India “ for the purpose of this 

order means : -  

a. An entity incorporated , established or registered in such country ;or  

b. A subsidiary of an entity incorporated, established or registered in such a country 

;or 

c. An entity substantially controlled through entities incorporated, established or 

registered in such a country ; or 

d. An entity whose beneficial owner is situated in such a country ; or 

e. An Indian ( or other ) agent of such an entity ; or 

f. A natural person who is a citizen of such a country ; or  

g. A consortium or joint venture where any member of the consortium or joint 

venture falls under any of the above. 

IV. The beneficial owner for the purpose of (iii) above will be as under : 

1.  In case of a company or Limited Liability Partnership, the beneficial owner is the 

natural person(s) , who , whether acting alone or together , or through one or more 

juridical person, has a controlling ownership interest or who exercises control 

through other means. 

a. “ Controlling ownership interest “ means ownership of or entitlement to more 

than twenty-five per cent of shares or capital or profits of the company  

b. “ Control “ shall include the right to appoint majority of the directors or to 

control the management or policy decisions including by virtue of their 

shareholding or management rights or shareholders agreement s or voting 

agreements; 

2. In case of a partnership firm , the beneficial owner is the natural person(s) who , 

whether acting alone or together , or through one or more juridical person, has 

ownership of entitlement to more than fifteen percent of capital or profits of the 

partnership; 

3. In case of an unincorporated association or body of individuals, the beneficial owner 

is the natural person(s), who , whether acting alone or together , or through one or 

more juridical person , has ownership of or entitlement to more than fifteen percent 

of the property or capital or profits of such association or body of individuals; 



4. Where no natural person is identified under (1) or (2) or (3) above, the beneficial 

owner is the relevant natural person who holds the position of senior managing 

official. 

5. In case of a trust , the identification of beneficial owner(s) shall include identification 

of the author of the trust , the trustee , the beneficiaries with fifteen percent or more 

interest in the trust an any other natural person exercising ultimate effective  control 

over the trust through a chain of control or ownership. 

V   An agent is a person employed to do any act for another, or to represent another in     
dealings with third person. 

VI             The successful bidder shall not be allowed to sub-contract works to any contractor 
from a country which shares a land border with India unless such contractor is 
registered with the competent Authority. 

 
        I/we have read the clause regarding above terms and conditions regarding 
restrictions on procurement whether goods, services (including consultancy service and 
non consultancy services) or works (including turn key projects) 
 
I / We M/s ……………………….(Name of the bidder) are not from a country which 
shares land border with India and as per the above terms and conditions are eligible to 
participate in this tender. 
 
 Or  
 
I / We M/s ……………………….(Name of the bidder)  are from a country which shares 
land border with India and as per the above terms and conditions ,we are registered with 
Competent authority with Registration no ……………………..are eligible to participate in 
this tender. 
[ Format for seeking registration for bidders having beneficial ownership in countries which share land border with India and further 
details refer Notification no P-45021/112/2020-PP (BE-II) (E-43780 ) dated 14.10.2020 Department of promotion of industry and 
internal trade , Ministry of Commerce and Industry , Govt. of India .] 

 

(Signature of authorized signatory of the tenderer) 

Name:  

Designation:  

Place                                                                                                             Seal : 

Date: 
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