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Table 2 ~ 

Q 

Reference for COW'ltry No of Type of 
Column 

Type of connect~on 
expen.mental dat.a. 

Date of fastener 
aJUs Comments on 11-', curves 

tests r •• tral.ned ongl.n 

1. Single web cleat Upson (17) 1968 Canada U8 3/4 in bolts Hajor - Provided for 17 bolt/bolt 
Lipson (18) 1917 Canada 43 3/4 in A32S bolts Major tests and 4 weld/bOlt tests 
Lipson & Antonio (19) 1980 Canada JJ 3/4 ~n A325 bolts Halor - Provided as bolt H vs ~ for 

13 weld/bolt tests 
- Provided as bolt M v. ~ for 

11 weld/bolt tests 

2. Double web clea ts Batho & Rowan (1) 1934 U.K. 3 3/4 1n rivet. Major 
RathOun (6 ) 1936 - U.S.A. 7 7/8 in n .vets Hajor 
Bechtmann & Johnston (31) 1947 U.S.A. 4 3/4 1n rivets Hajor 
Huns. at a1 (24) 19S9 U.S.A. 4 3/4 rivets/bolts Hajor Provided for each test 
Le .... itt at al (2S) 1969 U.S.A. 7 3/4 bolts/rivet. !'I.ajor Provided for each test 
Soamer (39) 1969 Canada 4 3/4 in A32S bolts Hajor Provided for each te.t 

Berqquist (26) 1917 U.S.A. 3 bolts Major Also provide. unloading 
stiffness 

&eM.tts at al (27) 1978 Australia 2 H20 8.8 bolts Major Provided for each test 
Mansell & Pham (20) 1981 Australia 8 H2O 8.8 • 4.6 bolts Major Some indication from shear 

and rotation results 
so •• (29) 1981 U.K. 1 H2O 8.8 bolts MajOr Provided 
Sirkemoe & Gilmour (20) 1978 Canada 2 3/4 in A32S bolts Major Not provided 
Ricle. & Yura (21/22) 1982 U.S.A. 8 3/4 in A325 bolts MaJor Not prov~d.d 
W1.ng & Barris (23) 1983 Canada 12 3/4 in A32S bolts Major Not prov~ded 
Sjorhovde (30) 1984 U.S.A. 10 3/4 4n A325 bolts Major Prov.i.ded for each te.t 

& welds 

3. Web .ide plate Pham & Mansell (2a,34) 1982 Australia S H20 8.8 bolts Major Some indication from sheax 
rotation results 

4. Flange cleats Batho & Rowan (1) 1936 U.K. 10 \ in. rivecs/bolts Major 
M~ll et 41 (35) 1981 U.K. 12 H2O 8.8 • !lSFG MaJor Provision of full curves 

bolts 
Bo.e (29) 1981 U.K. 1 H20 8.8 • HSFG Major Prov~sion of full curve 

bolts 
van Dalen & Godoy (36) 1982 Canada 1 ~in AJ2S bolt. Major FUll curve for thi.. tes't. and 

for 2 s.l..ID.l.lar compoSl te 
specimens 

Botz (37.) 1983 W. Germany 37 H12, M16 • H24 Major Provision of full curves 
bolts 

RathOun (16) 1936 U.S.A. 3 n.vets Kinor 
Hachtmann & Johnston (31) 1947 U.S.A. 19 rl.vets 14 Malor 

7 Kinor 

5. Bot.tom flange -
cleat. & web cle4c 



Table 2 (continued) 

Type of connection 

6. Header place 

7. Flush end plate 

Reference for 
experimental data 

Sommer ()-J) 

Kennedy & Safez (41) 
Bennetts et al (27) 

Pham & Hansell (28,34) 

Date 

1969 
1984 
1978 

1982 

Zoetemeijer & Kolstein (47)11975 
Dose (23) 19B1 
Horris & NewsOltl .... (48) 1981 

Mann & Morris (44,45) 11981 

COWltry 
of 

origl.n 

Canada 
Canada 
Australia 

Australia 

Netherlands 
U.K. 
U.K. 

U.K. 

Zoetemeijer (43) 1981 I Netherlands 

Phillips & Packer (46) 
Jenkins et al (49) 
Zoetemeijer (50) 

1981 1 Canada 
1984 U. K. 
1974 Netherlands 

8. Extended end plate I Sherbourne (51) 1961 I U.K. 

Johnson et a1 (52) 
Bailey (53) 
Surtees & Hann (54) 

Zoetemeijer (50) 

Grundy et al (55) 

Packer & Morris (56) 
Tarpy • Cardinal (57) 

BahLa et al (58,59) 

Jenkins et a1 (49) 
Moore & Sims (60) 
Zoetemeijer & Munter (61) 
Zoetemeijer (62) 

Zoetemeijer (6 3\ 

1960 I U.K. 
1970 U.K. 
1970 U.K. 

1974 1 Netherlands 

1980 I AustraUa 

1977 I U.K. 
1981 U.S.A. 

1981 I U.K. 

1984 U.K. 
19B3 U.K. 
1984 Netherlands 
1981 Netherlands 

1981 I NetherlAllds 

No of 
tests 

20' 
B 
2 

7 

12 
1 
4 

6 

23 

5 
3 
6 

5 

1 
13 

6 

8 

2 

5 
16 

20 

) 

4 
4 

10 

5 

Type of 
fastener 

3/4 in A325 bolts 
)/4 in A325 bolt. 
M20 B. 8 bolts 

M20 8.8 bolts 

M24Gr 8.8 bolts 
M20Gr B. 8 bolts 
7/B in preloaded 
bolts 
H22 HSFG bolts 

M24Gr 8.8 bolts 

M22 A325 bolts 
M20Gr 8 . S bolts 
H2O 10.9 bolts 

3/4 • 7/8 in HT 
bolts 
3/4 in BT bolts 
8SFG bolts 
)/4, 1 • 1. Ln 
HSFG bolts 
M20 & M22 Gr 10.9 
bolts 
7/8 in HSFG bolts 

M16 BSFG bolts 
3/4, 7/8 • Lin 
A)25 bolts 
M16 HSFG bolts 

H2O Gr 8.8 bolts 
Ml6 Gr 8.8 bolts 
H20 Gr 8.8 bolts 
H2o & M24 Gr 8.8 
bolts 
H2o & M24 Gr 8.S 
bolts 

Column 
ax •• 

restrained 

Major 
Major 
Major 

Major 

Major 
Major 
Major 

Major 

Major 

Major 
Major 
Major 

Major 

Major 
Major 

Major 

Major 

Major 
Major 

Major 

Major 
Major 
Ma)or 
Ma)or 

Ma)Or 

HS'it, 

Comments on M~ curves 

- 8 M-IO curves given in ref. 40 
- Provision of full curves 
- Provision of full curves 

including unloading and, in 
one case, reloading 

- Some indication from shear­
rotation results 

Provided for each test 
Provided 
Provided for each test 

M versus deflp.ction curves 
provided 
Provided for 16 tests only in 
ref. 43, other 7 supplied 
privately 
)?rovided for each test 
Provided for each tes t 
Provided for all tests four of 
which were for joints in frames 

Provided for 4 joints in frame 
test only in ref. 46 
Load-deflection curves only 
provided 
Provl..ded for 3 tests only 
Provided for 2 tests only in 
ref. 53 
Provided for 1 test in ref. 54, 
available for all tests in ref. 55 
Provided for each test 
Provided for 2 tests only 
Provl..ded for each test 
Provided for each test 

Provided for each eest 
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, 
Reference for 

COW'ltry 
No of Type of 

ColUllUl 
Type of connection Oate of axis Comments on M-. curves 

experimental data 
origin tes t.s fastener 

restrained 

9. Combined web and Batho and Rowan (1) 1934 U.K. 2 Rivets Major 
flange elaa ts Young and Jackson (15) 1934 Canada 4 Welded 2-Hajor 

2-Hinor 
Rathbun (16) 1936 U.S.A. 2 Rivets Minor 
Hechtmann & Johnston (31) 1947 U.S.A. 2 " in rivet..a ~ajor 
Zoet.elDeijer {SO) 1974 Netherlands 4 Bolts lIaior p, A.A ., -, 

10. Tae stubs Batho and Rowan (1) 1934 U.K. 2 Rivets Major 
Rathbun (1';) 1936 U.S.A. 6 Rivets 5-Min/1 Haj 
Hechtma.nn 6 Johnston (31) 1947 U.S.A. 1 " rivet5 Major 
Couty (64) 1964 U.S.A. 3 Bolted Major 
Bann.ister (65) 1966 U.K. 8 Bolted Major Prov.ided for eacn teat 
Zoetemeijer (SO) 1974 Netherl~= 8 Bolted Kajar Provided for 2 tests OrN:y 

11. Top plate and Young and Jackson (15) 1934 Canada 10 Welded Minor 
seat angle Johnston and Deits (66) 1942 U.S.A. 2 Welded MaJor 

Brandes and Ha.i.ns (67) 1944 U.S.A. l7 welded 5-Major 
12-MinoJ:: 

Pray and Jensan (68) 1956 U.S.A. 1 Welded Major 
Johnston (69) 1959 U.K. 1 Welded Major 
Johnst.on (52) 1960 U.K. 1 Welded Major 
Van Dalen and Godoy (36) 1982 Canada 3 welded Major Provided for each tast 

12. Tea-st.ub and .... eb Batho and Rowan (1) 1934 U.K. 1 3/4 in rivets Major 
cleats Young and Jackson (5) 1934 canada 4 7/8 1n rivet. 2 Major 

2 Minor 
Young and JacJcson ( 5 ) 1934 Canada 4 Welds 2-Maj/2 Min 
Heehtmann & Johnson (31) 1947 U.S.A. 1 " in rivets ~jor 

Zoetemeijer (50) 1974 Holland 13 H2O & H.22 bolts Major Provided for 1 t.ese only in 
ref. 46 

1). I-beam to RBS Picard & Giroux (71) 1976 Canada 21 Welds Major Provided for each test 
column G1.roux 6 Picard (72) 1977 Canada 13 Welds Major Provided for each test 

Echeta & Owens 173) 1981 U.K. I Welds ~ ~.8 bolts Major Provided for both beazu of 4 

cruciform arrangement 



Ref. I Test Beam 
size. 

CoLumn 
SLze 

Cleat. 
S.1.ze 

ColUmn 
fasteni.ng 

Seam 
fastenl.nq 

l:Iole 
type 

Bolt tl.qhtenl.ng 
procedut"e 

25 

24 

29 

30 

fK-3 12WF21 lOWf49 

fK-4AB 118Wf50 12WF65 

fK-4A8 118WF50 12WF65 

FlC-4P IBWF50 12WF65 

WF-4 18WF50 12wf65 

fB-4 18wf50 12WF65 

fB-4A IBWf50 12WF65 

fI(-5 21WF62 12WF65 

fI(-4A 18WF50 12WF65 

fI(-43 18wF50 12WF50 

FK-4C 18WF50 12WF65 

f'X-4R 18WFSO 12Wf65 

6x4x\­
Sa, in. long 

6x4x\-
11, in. long 

6x4x\-
11, in. long 

6x4x\-
11, in. long 

6x4x\-
11" in. long 

4 x 3 x ,. -
11, in. long 

4 x 3., x " -
11':1 in. long 

1 6 x 4 x Ii -
14" in long 

6x4x\;-
11'2 in. long 

6x4x\-
11'2 in. long 

~X4X\;-11" in. long 

~X4X"­
lla, in. long 

6 rivets 6 x \ in. 
AJ52 bolts 

8 x " in. 18 x " in. 
A325 bolts A325 bolts 

8 x \; in. 18 x " in. 
A325 bolts A325 bolts 

8 x \; in. I 8 rive ts 
A325 bolts 

8 x \; in. I 8 rivets 
A325 bolts 

8 x " 1n. I 4 rivets 
A325 bolts 

4 rivets +14 x " in. 
4 x "in. A325 bolts 
AJ25 bolts 

10 x " in.18 rivets 
AJ25 bolts 

8 x Ie in. 18 rivets 
A235 bolts 

8 x" in. 18 rivots 
AJ25 bolts 

8 x \; in. Ie rivets 
AJ25 bolts 

e rivets Ie rivets 

13/16 in.1 snug + ., turn 

13/16 in.l.n09 + ., turn 

13/16 In.1 snug + ., turn 

13/16 in. 1 snuq ~ turn 

13/16 in.1 snug + ., turn 

13/16 in. I snug + ~ turn 

13/16 in. 1 snug + ., turn 

13/16 in. tsnug + ., turn 

13/16 in.1 tightened to 
pWlched bolt force of 

25,600 lb. 

13/16 in. 
punched 

13/16 in 
punched 

tightened to 
bolt force of 
25,600 lb. 

tightened to 
bolt force of 
25,600 lb. 

A 457 x 191 x 17 ~05 x 305 x 1150 x 90 x 15-1 10 x H20 
UB i9 7 uc 4CXlaD long 8.8 bolts 

9 x H20 
8.8 bolts 

podger spanner 
usod 

lA W18x45 f12x161 
, 

a, x3x fi' 
)6 in. lonq 

weld 2 x " in. AJ251 punchod Iturn of nut 
bolts 

Test 
type 

cruciform 
load in 
col\llllO 

cruciform 
load in 
column 

cruciform 
load in 
column 

cruciform 
load in 
column 

cruciform 
load in 
column 

cruciform 
load 1n 
column 

cruciform 
load in 
column 

cruciform 
load in 
column 

cruciform 
load in 
column 

,cruciform 

~
l:~ .... in 

ruciform. 
load in 
olumn 

nlciform 
oad in 

I=olumn 

ruciforlD 

H's~e 

Comments 

AllDOst identical H-, for both sides. 

H-~ for side with wasners approx. 
10' stiffer than for side without 
washers 

No washers under nuts on column 
flange, almost identical H-~ for 
both sides. 

No washers under nuts, almost 
identical H~ for both sides. 

No washers under bolts heads or 
nuts, identical M-~ for both sides 
similar to FK-4P, cleats on column 
web. 

No washers under bolt heads or 
nuts, identical M-~ for both sides. 

1 angle riveted to column flange. 
the other bolted. some difference 
in H-" curves for both sides. 

No washers under bolt heads or 
nJts, identical H-" for both sides. 

H-" curve for 1 side only, 40 in. 
beam span. 

Similar H-~ for both sides, 20 in. 
beam span. 

Similar H-'; for both sides, 10 in. 
beam span, stiffeners on beam web 
at load points. 

Similar H-. for both sides close to 
that for FK-4A, 40 in. span 

Hean M-4I curve given, hardened 
washers under nuts. 

anti lever 136 in. beam with 3, x 1, cope on 
tension Slde. 



... .... ,. f3 
Ref. Test Beam Column Cleat Column Be .... Hole Bolt t.lqhtenl.ng Test Comments 

size size size fastening fastening type procedure type 

lB W18x4S w12x161 2"1x)x~,- weld 2 x \ in. AJ25 pWlched turn of nut cantilever 84 in. beam WLth )~ x 1"1 cope on 
6 in. long tension side. 

2A W18x45 W12x161 2. x ) x L weld ) x \ in. A325 punched turn of nut. cant.ilever 36 in. beam with 3~ x 1; cope on 
9 in. loo~' bolts tension side. 

29 W18x4 5 W12x161 2." x 3 x L - weld 3 x \ in. AJ25 punched turn of nut cantilever 84 in. beam with 3a, x 1; cope on .. 
9 in. long bolts tension side. 

2C \il18x4S W12x161 2'" x ) x L - weld ) x \ in. A325 punched turn of nut cantilever 36 in. beam with diagonal cope. 
9 in . lon~' bolts 

)A W24x76 W12x161 2; x 3 x ~, - , weld 4 x \ in. A32S punched turn of nut cantilever 36 i~ . beam with 3a, x 1'" cope on 
12 in. long bolts tension side. 

~ 
3B W24x76 W12x161 2"1 x 3 x L - weld 4 x \ in . AJ25 pWlched turn of nut cantilever 84 in. beam with 3a, x la, cope on 

12 in. 10M bolts tension si.de. 

)C W24x76 w12x161 2; x ) x L - weld 4 x \ in. AJ25 punched turn of nut canti.lever 84 in. beam with diagonal cope. 
" 12 in. long bolts 

4A W18x4S W12x161 2; x 3 x ~ , 6x\:in. weld pWlched turn of nut cantilever 36 in. beam Wl,th )a, x la, cope on 
9 in . long AJ25 bolts tension side. 

49 W18x45 w12x161 2"1 x 3 x ~ , 6 x \ in. weld punched turn of nut. cantilever 84 in. beam with Ja, x la, cope on 
9 in. long A325 bolts tension side . 

27 2 61ooB113 25OOC105 102 x 102 x 6 x H2O 3 x H20 8.8 22mm snug tight propped M~ curve fell as ultimate shear 
6.5 - 350mm 8.8 bolts bolts drilled cantilever was reached. 
long , 

4 4100954 25OOCl05 102 x 102 x 4 x K20 2 x K20 8.8 22mm snug t.ight propped M-~ curve fell as ultimate shear 
6.5 - 210mm 8.8 bolts bolts drilled cantilever was reached. I 

long 

26 A W'10x21 heavy 4x2\x"- 6x'tin. 3 x " in. AJ25 - turn of nut cantilever Unloading M~ also provided. 
I 8" in. long A325 bolt. bolts 

B WIOx21 heavy ), x 2\ x , - :, 1n weld 3 x " in. AJ25 - turn of nut cantilever Unloadinq M~ also provided. 
8"2 l.J\. long bolts 

C Wl0x21 heavy 4 x 2\ x " - 6 x " AJ25 
, 

rum ot nue cantilever Unloading M-, also prov~ded. li in weld -
8, in. lonq bolts 

28 Al 3600945 - 102xl02x6.5 4 x K20 2 x H2O 22"", snug tight IPropped Shear-rotation curve provided. 
4.6 bolts 4. 6 bolt. cantilever 

A2 3600945 - 102xl02x6.5 4 x H2O 2 x 1420 22"", snug tiqht jpropped Shear-rotation curve provided. I 4.6 bolts 4.6 bolts cantilever 

AJ 3600945 - 102xl02x6.S 6 x 1120 ) x H2O 22"", snug tight rropped Shear-rotation curve provided. 
4.6 bolt. 4.6 bolts Jcantilever 

A4 )600845 - 102xl02x6.5 6 x H.20 3 x H2O 221ll1D snug tLCjJht. propped Sh.ar-rO~ation curve orovLded. 
---



Ref. Test 8eam Column Cleat Colwnn 8eam Hole Bolt tightenLnq Test Comments 
size size Sl.ze fastening fascenJ.nq type procedure type 

.\S 3600845 - lO2xlO2.6.5 4 x H2O 2 x H2O 22 ... snug tight propped Shear-rotation curve provided. 
8.8 bolts S.B bolts cant.ilever 

A6 3600845 - lO2xlO2"x6.S 4 x M20 2 x H2o 22_ snug tight propped Shear-rotation curve provided. 
8.8 betls 8.8 bolts cantilever I • A7 3600845 - lO2xl02xG.5 6 x M20 3 x H2O 22..., snug tight propped Shear-rotation CUrve provided. 
8.8 bolts 8.8 botls cantilever 

AS 3600845 - lO2xlO2x6.S 6 x M20 ) x H2O 22"", snug tight propped Shear-rotation curve provided. 
9.8 bolts S.B bolts cantilever 

39 <- 18x7,WF45 14WF38 3, x 3., x >if 6 x \ in weld 13/16 in - cantilever M-+ curve provided. 
A325 punched 
bolts 

22 18x7,xWF45 14WF38 3., x 3., x >in 6 x \ in ..... ld 13/16 in - cantilever H-+ curve provided. 
A325 punched 
bolts 

23 24x9wF76 14WF38 4x)x\in 10 x \ in weld 13/16 in - cantilever M-$ curve provided. 
A325 pW"lched 
bolts 

24 24x9WF76 14WFJ8 4x3x\i.n 12 x \ in weld 13/16 in - cantielver M-$ curve provided. , 
A325 
bolts 

punched 
! 

If • 

. . 
. .. 

I 
! 

- -
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Ref. Tesc. Beam Column Cleae Column 8eam Hole Bole tightening Test Comments 
size siz.e Sloz.e fasten long fasten.l..ng type procedure type 

28. Wl 25OO8ll llOUC198 252 x 142 x 155 • 9.0 4 x H20 8.8 22 ... snug tight propped Shear-rotation curve provided. I 34 10.5 weld bolts cantilever 

w2 3600845 llOUC198 250 x 21) x 214 • 8.8 6 • 1420 8.8 22_ snug tight propped Shear-rotation curve provided. 
, 

10.10 weld bolts can ti le ve r 

W3 36OU845 llOUC198 250 x 145 x 162'. 10.2 4 x H2O 8.8 22= snug tight propped Shear-rotation curve provided. 
10.5 weld bolts cantilever 

W4 4600867 3lOUC198 255 • 353 • 325 x 10.6 10 • H20 8.8 22 .... snug tight propped Shear-rotation curve provided. I 10.0 weld bolts canti.lever 
I 

w5 46OUC67 3lOUC198 248 x 140 x 142 x 11.0 4XM208.8 22 .... snug tight propped Shear-rotation curve provided. 
10.0 weld bolts cantilever 

• 



Ref. t Te..c. 8e .... Column Cleat Column 8e~s.al Hol.e. 80 Lt tighten ing TesC. Comments 
size size s1ze ftlstening fastening type procedure type 

I I 
J5 I Al 1457 _ 191 )05 _ )05 150 x 90 x 10 2 x K20 4 x 1120 HSFG 22_ cJ;Ucifonc. Average M-~ curve for both sides 

U8 67 uc 97 ls<>mm long 8.8 bolts bolts drilled beam load gl..ven. 
Cr.43 

A2 1457 _ 191 1)05 _ )05 1150 _ 90 _ 10 I 2 _ H2O I 4 _ H2O HSFG 1 22_ I cruciform Average M-9 curve for both sides 
UB 67 uc 97 200mm long 8.8 bolts bolts drilled beam load given. 

Gr.4) 

A) 1456 _ 191 1)05 _ )05 \150 _ 90 _ 10 I 2 _ H2O I 4 _ H2O HSFG 
1

22 
... I I cruciform I Average M-9 curve for both sides U8 67 uc 87 lSQmm long 8.8 bolts bolts dr111ed beam load given. 

Gr. so 
A4 456 _ 191 JOS x 305 1150_90_10 2 x H2O I 4 x H2O HSFG 122_ I 

- I cruciform I Average M-4/ ~ .. tor both sides UB 67 uc 97 200m111 long 8.8 ~'"':.. t bolts drliled beam load given. 
SO 

.1.~U x 90 x 12 2 x H2O 4 x H2O HSFG 22mm - cruciform Average M-III curve for both sides 81 I 456 _ 191 )05 x )05 
U8 67 UC 97 

lsQalm long 8.8 bolts bolts drillod beam load ql..ven. 

1456 x 191 

Gr. 4) 

82 )05 x )05 150 x 90 x 12 2 x H2O 4 x H2O HSFG 22_ - cruciform Average H-~ curve for both sides 
US 67 uc 97 2CX>mm long 8.8 bolts bolts drilled beam load gl.ven. 

1456 x 191 

Gr. 4) 

8) )05 _ )05 150 x 90 x 12 2 x H2o 4 x H2O 8SFG 22mm - cruciform Average M-4I curve for both sides 
US 67 UC 97 lSOmm long 8.8 bolts bolts drilled beam. load given. 

1456 x 191 

Gr. 50 

84 305 x )05 lSOx90x12 2 x H2O 4 x H2O HSFG 22_ - cruciform Average H-4I curve for both sl..de. 
U8 67 UC 97 200mm long 8.8 bolts bolts drl.lled beam load given. 

Cr_sO 
, 

1456 x 191 Cl )05 x )05 150 x 90 x IS 2 x H2O 4 x M20 HSF'G 22 ... - cruciform Average H~ curve for both sides 
US 67 UC 97 15Omm. long 8.8 botls bolts drilled bo.,. load given. 

1456 x 191 

Gr. 43 

C2 )05 x )05 150x90xlS 2 x K20 4 x H20 HSFG 22 .... - cruciform. Average M-III curve for both sldea 
US 67 uc 97 lsOI:tm lonq 8.8 bolts bolts drilled beam load ql..wn. 

1456 x 191 

Gr. 4) 

C3 )05 x )05 150 x 90 x 15 2 x H2O 4 x H2O 8SFG 22 ... - cruciform Average M-4/ curv. for both 5id •• 
U8 67 uc 97 00mm long 8.8 bolts bolts drilled ~am load given. 

1456 x 191 

~<. 50 

C4 305 x 305 150x90x15 2 x H2O 4 x H2O BSFG 22mm - cruciform Ave rage M-+ curve for both 510 •• 
US 67 UC 97 00mm long 8.8 bolts bolts drilled. beam load given. 

I I ~r. 50 

29 I 2 1457 _ 191 305 _ 305 )0 x 90 x 12 2 x H2O 4 x H2O HSFG 221II1II HSFC bolts at cruciform Averaqe M-. curve for both sid •• 
lonq 8.8 bolts bolts drilled proof load ~ .... load given. 

)6 I S8l !W8x.20 ax20 ~Ltx2Ltx" top 2x~in.A325 2 x ~in. A325 - - Jcruciform One M-c11 curve qiven. 
bottom bolts .. 4 

x a,l..n. 
A32.5 bolt. 
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Ref. Test B ..... Column Cleat Column Beam Hole Bolt tightening Test Comments 
size size size fastening fastening type procedure type 

CBl W8x20 w8x20 2~x2~x" top 2x'u.n.A32 2 x '.In. A325 - - cruciform Composite vers~on of S8l with 
4xJx, bottom bolts + 4 bolts + 2 x load in minimum slab reinforcement. 

x 'in. ~in. AJ25 column one M-~ curve 9.lven. 
AJ25 bolt bolts 

CB2 wSx2a w8x20 2~x2~x" top 2x'in.A32 2 x 'in. A325 cruciform Composite version of SBl with 
4xJx; bottom bolots + 4 bolts + 2 x load in maximUDI slab reinforcement, one 

x 'in. ~ in. A325 column M-<p curve 91. ven. 
AJ25 bolt bolts 

J7 Al IPE180 IP81 llO lBO x 90 x 10 2 x H2O 4 x Ml2 bolts 13= 120 Nm torque cantilever Full H-$ curve provided. 
bolts 

A2 IPC30 IPBl 120 190 x 90 x 10 2 x H2O 4 x M1.2 bolts 13= J.~O Nm torque cantilever Full M-¢I curve provided. 
bolts 

A3 lPEl80 IPBl 120 180 x 90 x 10 2 x H2O 4 x M12 bolts 13= 120 Nm torque cantilever FUll M~ curve provided. 

I bolts 

A4 IPE180 IPSl 120 180 x 90 x 10 2 x H2O 4 x Ml.2 bolts 13"", 120 Nm torque cantilever Full M-~ curve provided. 

I bolts 

Bl 1PEl80 IPBl 160 200 x 100 x 12 2 x H16 4 x Ml.6 bolts 17= ) So Nm torque cantilever FUll M-~ curve provided. 
bolts 

B2 IPE180 IPBl 160 200 x 100 x 12 2 x M16 4 x M16 bolts 17_ )50 Nm torque cantilever FUll H-~ curve provided. I 
bolts 

B3 IPEl80 IPBl 160 200 x 100 x 12 2 x M16 4 x M..l6 bolts 17= )50 Nm torque cantilever rul1 M-~ curve provided. 

• bolts • 
B4 IPEl80 IPBl 160 200 x 100 x 12 2 x M16 4 x M16 bolts 17"", )50 Nm torque cantilever FUll H-$ curve provided. 

bolts 

Cl 1PE360 IPBl 240 200 x 100 x 14 2 x H24 4 x M24 bolts 25"", 1100 Nm torque cantilever FUll H-~ curve provided. 
bolts 

C2 IPEJ60 IPBl 240 200 x 100 xU 2 x >124 4 x H24 bolts 25_ 1100 Nm torque cantilever FUll M-9 curve provided. 
bolts 

C3 IPEJ60 IPBl 240 200 x 100 x 14 2 x H24 4 x H24 bolts 25_ 1100 Nm torque cantilever FUll H-. curve provided. 
bolts 

01 IPEl80 IPB120 ISO x 40 x 10 2 x M12 4 x M12 bolts 13_ 120 Nm torque CAntilever FUll H-~ curve provided. 
bolts I 

02 IPEl80 IPB120 180 x 40 x 10 2 x M12 4 x M12 bolts 13_ 120 No torque cantilever rull H~ curve provided. 
bolts 

03 IPEI80 IPB120 180 x 40 x 10 2 x M12 4 x Hl2 bolts 13_ 120 tel. torque cantilever FUll M-+ curve provided. 
bolts 

El IPEl80 IPB120 180 x 40 x 10 2 x M12 4 x M12 bolts 13_ 120 NEIl torque cantilever TOp clea.ts on both beam faces. 
bolts full H-d> CUtvi' provided. 



Ref.1 Test 

E" ~ 

Beam Column Cleat Column Beam Hole Bolt t.1qhteninq Test Comments 
S.1ze S.1ze s~ze fastening fastening type procedure type 

E2 IPE180 IPB120 180 x 40 x 10 2 x M12 4 x M12 bolts lJmm 120 Nm torque cantilever Top cleats on both beam faces. 
bolts full M-~ curve prov.1ded . 

EJ IPE180 {pa120 1180 x 40 x 101 2 x M12 4 x M12 bolts lJmm 120 Nm torque cantilever Top cleats on both beam faces. 
bolts full H-~ curve provided. 

rl IPE240 IPBl60 200 x 100 x 121 2 x M16 4 x M16 bolts 17= 350 Nm torque cantilever Full H-41 curve provided. 
bolts 

F2 IPE240 IPB160 200 x 100 x 121 2 x M16 4 x M16 bolts I 17mm 350 Nm torque cantilever I FUll H-41 curve provided. 
bolts 

FJ IPE240 IPa160 200 x 100 x 121 2 x M16 4 x M16 bolts I 17mm 350 Nm torque canti l.e!:'-er I Full H-~ curve provided. 
bolts 

F4 IPE240 IPB160 200 x 100 x 121 2 x M16 4 x M16 bolts I 17mm 350 Nm torque cantilever I Full M-~ curve provided. 
bolts 

Gl IPEJ60 IPa240 200 x 100 x 141 2 x M24 I 4 x M24 bolts I 25mm I 1100 Nm torque I cantilever I FUll M-~ curve provided. 
bolts 

G2 IPEJ60 IPB240 200 x 100 x 141 2 x M24 4 x M24 bolts 25mm 1100 Nm torque cantilever Full M-~ curve provided. 
bolts 

GJ IPE360 IPB240 200 x 100 x 141 2 x M24 4 x M24 bolts 25"", 1100 Nm torque cantilever Full M-~ curve provided. 
bolts 

G4 IPEJ60 IPB240 200 x 100 x 141 2 x M24 4 x M24 bolts 25mm 1100 Nm torque cantilever Full M-~ curve provided. 
bolts 

Il IPE180 IPBv120 180 x 90 x Id 2 x M12 4 x H12 bolts lJmm 120 Nm torque cantilever Full M-~ curve provided. 
bolts 

I2 IPElaO IPBv120 ISO x 90 x Id 2 x H12 4 x Ml2 bolts lJmm 120 NID. torque can ti.1ever Full M-~ curve provided. 
bolts 

IJ IPE180 IPBvl20 180x90Xld 2 x Hl2 4 x H12 bolts lJmm 120 Nm torque cantilever FUll M-; curve provided. 
bolts 

I4 IPElaO IPBv120 180 x 90 x Id 2 x M12 4 x foU2 boUs lJmm 120 Nm torque cantilever Full M-~ curve provided. 
bolts 

Jl IPE240 IPBv160 200 x 100 x .121 2 x M16 I 4 x M16 bolts I 17mm I 350 Nm torque I cantilever I Full M-~ curve provided. 
bolts 

J2 IPE240 IPBv160 200 x 100 x 121 2 x Ml6 4 x M16 bolts 17mm I 350 Nm torque I cantilever I Full M-!jI curve provided. 
bolts 

JJ IPE240 IPBv160 200 x 100 x 121 2 x M16 4 x M16 bolts 17 .... 350 Nm torque cantilever Full M-~ curve provided. 
bolts 

J4 I IPE240 I IPBv160 200 x 100 x 12~ 2 x M16 4 x M16 bolts 17 .... 350 Nm torque cantilever Full H-; curve provided. 
bolts 



e ~- re • ::l:;' • 

Ref . Test. Beam Column Cleat. Column Beam Hole Bolt tightening Test Comments 
5l.Ze size Sl.ze fastening fast.ening type procedure type 

I 
I 

KI IPEJ60 IPBv240 200 x 100 x 14 2 x M24 4 x M24 bolts 25 ... 1100 Nm torque cantilever Full M-$ curve provl.ded. 
bolts 

K2 IPEJ60 tPBv240 200 x 100 x 14 2 x M24 4 x M24 bolts 25_ 1100 Nm torque cantilever Full M-~ curve prOvided. 
bolts 

KJ IPEJ60 IPBv240 200 x 100 x 14 2 x' M24 4 x M24 bolts 25mm 1100 Nm torque cantilever Full M-~ curve provided. 
bolts 

I 

I 

I 

• • 
I 

1 

I 
-



\:J :J .43 
Ref. Test Beam Column Cleat Column Be .... Hole Bolt t1.qhteol.nq Test COl:llZDen ts 

Sl.ze S1.ze Sl.ze fastening fastening type procedure type 

39 5 18WF4S 14WF38 1S x 6 x ~in. 10 x l, in. weld 13/16 In. snug + ':2 turn cantilever H-~ cu eve in re f . 39,40 
AJ25 bolts punched 

6 24WF76 14WF38 9 x 6 x " In. 6 x \; in. weld 13/16 in. snug + ~ turn cantilever M-41 curve in ref. 39,40 
025 bolts punched 

7 24WF76 14WF38 12 x 6 x It in 8 x \; in. weld 13/16 in. snug + '" turn cantilever M-q:. curve in ref. 39,40 
025 bolts punched 

8 24WF76 14WF38 15x6xlain lOx\;ln . weld 13/16 in. snug + '" turn cantilever H-41 curve in re f. 39,40 
AJ25 bolts punched 

9 24WF76 14WF38 18 x 6 x 'a in 12 x \; i n . weld 13/16 in. snug + , turn cantilever H-41 curve in ref. 39,40 I 
A)25 bolts pWlched 

10 18WF4S 14WF38 9 x 6 x \ In. 6 x \; In. weld 13/16 in. snug + 1.::1 turn cantilever H-41 curve in ref . 39,40 
A325 bolts punched 

11 lSWF45 14WF38 12 x 6 x ,. in 8 x \ in. weld 13/16 in. snug + ., turn cantilever M-~ curve in ref . 39,40 
AJ25 bolts punched 

I 
12 24WF76 14WF38 15 x 6 x "in 10 x \ in, weld 13/16 in. snug' + l.:! turn cantilever M-¢/ curve in re f . 39,40 I 

AJ25 bolts punched 

13 24WF76 14WF28 9x6x\in 6x\:in. weld 13/16 in. snug + '1 turn cantilever M-¢/ curve in ref. 39,40 
A325 bolts punched 

14 24WF76 14WF28 12x6x\in 8 x \: in . weld 13/16 in. snug' + '1 turn cantilever M-¢/ curve in re f. 39,40 
AJ25 bolts punched 

• 
15 24WF76 14WF28 15 x 7 x "in lOx\: in . weld 13/16 in. snug' + l.:! turn cantilever M-¢/ curve in ref . 39;40 

AJ25 bolts punched 

16 24WF76 14WF28 18 x 7'1 x 12 x \: in. weld 13/16 in. snug + '1 turn cantilever M-¢/ curve in ref. 39,40 

" in. 025 bolts punched 

17 24WF76 14WF28 12 x 710:1 x ax\:in. weld 13/ 16 in. snug + 10:1 turn cantilever M-¢/ curve in r. f . 39,40 
, in. A325 bolts punched 

18 24WF76 14WF28 15 x 710:1 x 10 x \: in. "'eld 13/16 in. snug + 10:1 turn cantilever M-¢/ curve in raf. 39,40 I 
, in. AJ25 bolts punched 

I 
19 24~IF76 , 14WF28 12 x 710:1 x a x \: in. "'ald 13/16 in. snug + '1 turn cantilever M-¢/ curve Ln re f . 39,40 i 

t, in. A.325 bolts punched 

20 24WF76 14WF28 15 x 710:1 x 10 x \: in. "'ald 13/16 in. snug + 10:1 turn cantilever M-¢I curve in ref. 39,40 
~ in. A325 bolts punched 

25 IBWF45 14WF28 12 x 6 x , in 8 x ' \: in. weld 13/16 in. snug + 10:1 turn cantilever M-¢/ curve in ref . 39 

A325 bolts pWlched 
I 

13/16 in. snug + 10:1 turn ca.ntilever M-4> curve in re f. 39 
, 

26 IBWF45 14WF28 9x6xt,in. 6 x \: in. ... ld 

I A325 bolts Jpunched 

27 12WF27 14WF28 9 x 6 x t, in . 6 x Is in . weld 13/16 in. snug + " turn cantilever H- 4> curve in ref. 39 i A11C; "' .... 11-0: I"'IIII"I,..~.A 



Table 6 (continued) t 'S S i! 

Ref. Test Beam Column Cleat C01u.mn Beam Ho le Bolt tiqhtenlong Test Comments 
size size Sloze fastenlong fast.enl.ng eype procedure type 

-

41 1 WWF27xl06 heavy 457 x 162 x 12 x l, .In. weld 13/16 in. torque to cantilever Full M-~ curve provided. 
9.Smm A325 bolts drilled )70 ft. lb •. 

I 
2 WW 27xl06 heavy 457 x 162 x 12 x .,. in. weld 13/16 in. torque to cantilever Full M-~ curve provided. 

6 . 3mm AJ25 bolts drilled 370 ft. lb •. 

) WWF27xl06 heavy 457 x 200 x 12 x l, in. weld 13/16 in . torque to cantilever Full M-~ curve provided . 
9.Smm A325 bolts drilled 370 fe. lb • . I 

4 WWF27xl06 heavy 305 x 202 x 8 x l, in. weld 13/16 in. torque to cantilever Full H-~ curve provided. I 6.Jmm AJ2S bolts drilled )70 ft. lb •. 

5 wwF27xl06 heavy 305 x 200 x 8x- \in. weld 13 / 16 in. torque to cantilever Full M-~ curve provided. 
9 . 5mm AJ25 bolts drilled )70 fe. lb •. 

6 WWF27xl06 heavy 305 x 200 x 8 x \ in. weld 
I 

13 / 16 in. torque to cantilever Full H-~ curve provided . 
12.7mm A32S bolts drilled )70 ft. lb •. I 

7 WWF27xl06 heavy 36.0 x 200 x 16 x ~ in. weld 13/16 in. torque to cantilever Full M-~ curve provided . 
9.5mm A325 bolts drilled )70 fe. lb •. 

I 
8 WWF27xl06 heavy 360 x 200 x 16 x ~ in. weld 13/ 16 in . torque to cantilever Full M-~ curve provided. 

6.3mm A325 bolts drl.lled 370 ft. lb • . 

27 1 61ooB11) 2SOUC105 350 x 210 x 6 x H2O weld 22mm snug tight propped M-$ fell as ultimate shear 
lOmm 8.8 bolts drilled cantilever was reached. 

) 4l0ua) 54 25OOC10S 210 x 210 x 4 x H2o weld 22mm snug tight propped M-~ fell as ultimate shear was 
lOmm 8.8 bolts drilled cant.ilever reached, reloading H-~ curve was 

lower. 

28. F1 25OOB31 )looC198 140 x 150 x 4 x H2O 28Omm. of 6mm 22II1II1 snug tight propped Shear-rotation curve provided . 
34 8mm 8 . 8 bolts weld cantilever 

F2 )6ooB45 )lOUC198 210 x 150 x 6 x H2O 420mm of 6mm. 22II1II1 snug tight propped Shear-rotation curve provided. 
8mm 8.8 bolts weld cantilever • 

F) )60UB45 3lOUC198 140 x 150 x 4 x H2o 280mm o f 6mm 22 ... snug tight propped Shear-rotation curve provloded. 
8 ... 8.8 bolts weld cantilever 

F4 4600867 )looC198 350 x 150 x 10 x H2O 704mm of 6mm 22 ... snug tight propped Shear-rotation curve provided . 
8mm 8 . 8 bolts weld cantilever 

FS 4600867 JlOUC198 J50 x 150 x 10 x H2O 704m of 6mm 22mm snuq tiqht propped Shear-rotation curve provided # 
8mm 8 . 8 bolts weld cantilever 

F6 46OUB67 3lOUC198 141. x 150 x 4 x H2O JOCltnm of 6mm 22_ snug tight propped Shear-rotation curve provided. 
I 

8 ... 8.8 bolts weld cantilever 

F7 46OU867 3lOUC198 141 x 150 x 4 x H2O JOOmm f 6 mm 22 ... snug tight propped Shear-rotation curve provided. 
8mm 8.8 bolts weld cantilever 
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Test Be .... I . Column Cleat Column Be ... Hole Bolt tl..ghtening Test 1 CoaDent. 
size size size fastening fastenJ..ng type procedure type 

41 I 1 I IPE400 IHEA240A 25 .... 6 x H24 ",eld - - cruclfonD End plate depth • distance between 
8.8 bolt. load in flange centr ••. 214m. d •• p x 15~ 

column backJ..nq plate on top 4 bolts. 

8 IIPE400 IHEA240A 125mm 16 x 1124 I "'aId 
I I 

IcrucitOrlll End plate extends below- beam bottom 
8.8 bolt.. load in flange, 214mm x lSmm bacXLn9 plate 

colWllfl on top 4 bolts 

9 IIPE400 IHEA240A 125mm 16 x H24 I "'eld 
I I 

IcrUCifOrlll End plate depth - distance between 
8.8 bolt. load 1n flange centr •• , lSmm compression 

column stiffeners on column web. 

10 IIPE400 IHEA240A 125 .... 16 x H24 I weld 
I I 

Icruciform End plate depth - distance ~~~n 
8.8 bolts load in flanqe centres. 214 x 15_ backing 

column plates + lSmm co~pres.lon stiff-
eners. 

II 1 IPE400 b240A 65 .... 16 x M24 Iweld 
I I 

Icruciform I End plate extends below be .... 
8.S bolts load in bottom flange. 

column 

12 I IPE400 ~40A 65_ 16 x K24 I "'eld 
I I Icruciform lEnd plate depth - discance between 

8.8 bolts load in flange centr ••. 
column 

13 I IPE300 bu40A 65 .... 16 x H24 Iweld 
I I 

Icruciform End plate depth. distance between 
8.8 bolt. load in flange centres, 214mm x lSmm 

column back.inq plate •. 

14 I IPE300 bEA240A 65 .... '6 x K24 Iweld 
I 

j ~ruciform End plate extends below beam bottom 
8.8 bolts load in flange, 214mm x lSmm backing 

lumn plates. 

15 1 IPE300 b40A 65 .... 16 x H24 Iweld 
I I 

~ruciform End plate depth· distance between 
8.8 bolts oad in flanqe centre., lOmm compression 

.ti.ffeners. 

16 IZPE300 bu40A bsmm 16 x M24 IWeld 
I I 

~ruciform lEnd plate depth - distance becween 
8.8 bolt. cad in flange centre., 214mm. x lSmmback1nq 

places + lo.m compression stiff-
eners. 

11 IIPE300 bA240A bslllC 16 x H24 IWe 1d ~rucHor1ll lEnd plate extends below b ..... 
8.8 bolts oad in bottom flange. 

lumn 

18 I IPE300 bA2SOA bs ... 16 x K24 Iweld ~ruc1form nd place depth • diacance between 
8.8 bolu oad in flanqe cencres. 

olumn 

29 I c 1451 x 191 x 61 FS x 305 x r x 200 x 10 x H2O ald ger spanner ruciform H-~ curve provided. 
lIB 1 UC 25_ 8.8 bolu 



Re f. I Test Beam Column Cleat Column Beam Hole Bolt tightening Test Comments 
size size size fastening fastening type procedure type 

4a I 1 457 x 191 305 x 165 25"", B x " in. weld pre loaded cruciform End plates protrude above and below 
US 67 us 40 bolt. beam flanges. compression stiff-

eners on column web. 

2 457 x 191 305 x 165 25= B x " in. weld pre loaded 1 cruciform End plates protrude above and below 
us 67 UB 40 bolts beam flanges, small 12mm glut 

stiffeners on column web. 

3 457 x 191 305 x 165 
1 

25"", a x '0 in. weld pre loaded 1 cruciform End plates protrude above and below 
US 67 us 40 bolts beam flanges, 12mm k-stiffeoers on 

column web. 

4 457 x 191 305 x 165 1 251D111 aX'oin·1 weld 1 pre loaded 1 cruciform 1 End plates protrude above and below 
US 67 JlS 40 bolts beam flanges, lOmm 'Morris' 

stiffeners on column web . 
..l. 

44'1 1 406 x 140 203 x 20) 440 x 200 x a x 1122 8mm. weld 24 ... - cruciform, 14 pai.rs of column web stiffeners. 
45 UB 46 uc 71 12_ BSFG bolt. punched load in 

colll1111l 

2 1 406 x 140 1 20) x 203 
1 

440 x 200 x I a x 1122 J 8mm weld 12~ cruciform, 14 pairs of column web stiffeners, 
UB 46 ua71 12.,.. HSFG bolt punched load in distorted end plate. 

column 

) 1 406 x 140 1 20) x 203 1440 x 200 x 18 x 1122 I Bmm weld I 241D111 cruci.form, 14 pairs of column .... eb stiffeners, 
US 46 uc 71 12 ... HSFGbolts punched load in shi.ms under end plate. 

column 

4 1 406 x 140 120) x 203 I 440 x 200 x 18 x M22 I Bmm weld I 24= cruci.form. I 4 pa..1rs of column web stiffeners, 
UB 46 uc 71 20- HSFGbolts punched load in'l 

column 

5 1 406 x 140 1 203 x 20) I 440 x 200 x 18 x 1122 I 8mm .... eld I 24 ... cruciform, 14 pa..1rs of column web stiffeners, 
UB 46 UB 71 20mm HSFGbolts punched load in distorted end plate. 

column 

6 I 406 x 140 I 203 x 203 1440 x 200 x 18 x 1122 I 8mm weld I 24mm cruciform. 1 4 pairs of column web stiffeners, 
UB 46 US 71 20mm aSFGbolts punched load in shi.ms under end plate. 

I I 
column 

43 I 16 I BEAJOO I BE450M I 290 x 230 x 4 x M24 lOmm welds on - - cantilever 1 End plate depth - distance between 
12I11III 8.8 bolts inside and flanqe centres. 

outside of 
end plate 

17 I 1lEA300 1 BE450M 290 x 230 x 14 x H24 lOmm we lds on I Icantilever I End plate deptll • distance between 
161D111 8.8 bolts inside and flange centres. 

outside of 
end plate 

18 I 1lEA300 I BE450K 290 x 230 x I 4 x K24 lOmm welds onj jcanulovor I End pla .. depth - distanco between 
12_ 8.8 bolts inside and flange centres. 

outside of 
end olate 
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I I 
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Ref. I Test Be .... Column Cleat Column I Be"", Hole Bolt tightening I Test. Comments 
size Sloze Sl.ze fasten1.ng fasten.l.ng type procedure type 

19 I IlEAJOO I HE45011 290 x 230 x I 4 x H24 lOmm welds on Can ti 1e ve r End plate depth - distance bee..,een 
16_ B.8 bolts inside and flange centres. 

outside of 
end plate 

20 I HEAJOO I H!!450H 290 x 230 x I 4 x· H24 lOmm welds on cantilev.r End plate depth • distance between 
12_ 8.8 bolts inlide and f lange ceo er ••. 

outside of 
end plat.e 

2l I HEA300 I HE450H 290 x 230 x I 4 x H24 6... welds onl I cantilever I End plate depth· diotance between 
16 ... 8 . 8 bolts inside and flange cen tres. 

outside of 
end plate 

22 I IlUJOO I HE450H 290 x 230 x I 4 x 1<24 6 ... welds onl I cantilever I End plate depth • di.tance between 
12 ... 8.8 bolts in.ide and flange centres. 

outside of 
end pla.ce 

23 I HEAJOO I HE450H 290 x 230 x I 4 x 1<24 I 6 ... welds onl I cantilever I End plate depth· distance between 
16= 8.8 bolts in.ide and flange centres. 

outside of 
end plate 

24 I HEA300 I H£450H 290 x 230 x I 6 x 1<24 I - _=°
1 

cantilever 2 rows of top bolts. 
12 ... 8.8 bolts inside and End pla.te depth: • -distance bet ....... n 

outside of flange centres. 
end plate • 

2S I HEAJOO I HE450H 290 x 230 x I 6 x 1<24 6_ "'alds cant11ever 2 rows of. top bolt •. 
l6mm 8.8 bolt. in.ide and End plate depth· di.t.ance betw.en 

out.side of flange centr ••. 
end plate 

26 I IIEAJOO I B!!45OH 290 x 230 x I 6 x K24 I 6 ... welds 0 can tilever 2 lines of top bol u. 
12... 8.8 bolt. J.n.ide and End p1ata depth • di.tance between 

outside of flange centre •. 
end plate 

27 I HEA300 I 1IE4SOH 290 x 230 x I 6 x M24 I 6 ... "'elds cantil.ver 2 lines of top bolt •. 
16_ 8.8 bolt. .i.n.l.de and End pl.ate depth • di.tance between 

outside of flanqe C8.ntr ••. 
end plate 

28 HEAJOO HE450M 290 x 230 x I 6 x M24 I 6aUD we ids on can tilever 2 lines of top bolts. 
12mm 8.8 bolt. in.ide and End plate depth • di.tance between 

out.side of flanqe centres. 
end plate 

29 I HEAJOO I B!!45OH 290 x 230 x I 6 x H24 I 61Z1ZD welds on c&ntilever 2 lines of cop bole... 
16... 8.8 bolt. inside and End plate depth • di.tance between 

outside of tla.nqe centre •. 
.. - .. -, ....... 
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Ret. I Test I Be"'" Col.umn Cleat Column Beam Hole Bolt tiqhtening Test Comments 
S1.ze Slze size fa.stening fastening type procedure type 

I 
30 I IPE400 8£450H 400 x 180 x 6 x H2O" 6mm we leSs on - - cantilevor 12 rows of top bolt. 

12am B.B bolts inside and End plate depth • distance bet~een 
outside of flange centre •. 
end plate 

31 IPE400 8£450H 400 x 180 x I 4 x ,,24 1 6mm ~e1d. on I cantilever 
12 ... 8 . 8 bolts inside and 

outside of 
end plate 

32 IPE400 8£450H 400 x 180 x I 4 x K24 I 6mm welds on Icantilever 
1211111l 8 . 8 bolts inside and 

outsieSe of 
end plate 

)) IPE400 HE450H 400Xl80XI 6 x K25 1 6mm welds on Icantilevor 12 rows of top bolts. 
16 .... 8 . 8 bolt. inside and End plate depth • di.tance between 

outal.de of flang_ cenJ:re •. 
end plate 

34 I.P!:400 I HE450t1 400 x 180 x I 4 x K24 1 6mm weld on 
16_ B.8 bolts insieS. and 

outside of 
end plate 

35 IP!:400 I HE450t1 400Xl80XI 4 x H24 16 .... weld. on 
16 .... 8.8 bolts inside and 

outside of 
end plate 

36 IPE400 I BE450H 4OOX180xl 6 x H24 110... welds on 1 rantilover 12 rows of top bolt •• 
32 ... a....8 bolts inside and End plata depth • di.tance between 

outside of flange centres. 
end plata 

37 IPE400 I HE450H 400 x 180 x I 4 x M24 110... welds on 
32 .... 8.8 bolts in.ide and 

outside of 
end pl.a.te 

J8 IPE400 I RE450t1 400 x 180 x I 4 x M24 11""'" welds on I l::anUe1wtr 
J2mm B.8 bolts inside and 

outside of 
and plata 

46 W250 x JJ W200 x 100 280 x 160 x 6 x AJ25 weld J175 k.N preload 'cantilever I End plate protrude. Above and below 
9.5 ... H22 bolt. I beam flanges. column web .tiffeners 

opposite both beam flanges. 

8M2 w250 x J3 w200 x IJ 280 x 160 x I 6 x A3251 wold 1175 kN preload ~antil.ver lEnd plate protrude. above and below 
15.9_ H.22 bolts beam flanqes, column web stiffeners 

opposite both beam flange •. 



Ref. I Test Beam Column Cleat Column Be"", Hole Bolt tigh teninq Test Comments 
Sl.ze size Sl.ze fastening fastening type procedure type 

I 

8M3 I W250 x 33 w200 x 100 280 x 160 x 6 x 1.325 w.ld 175 kN preload cantilever I End plate protrudes above and below 
19.1.mm M22 bolts beam flanqes, column web ~tiff.ners 

opposite both beam flanges. 

8M4 I W250 x 33 I w200 x 100 1280 x 160 x 16 x M325 IWOld 1175 kN preload 1 cantilever 1 End plate protrudes abovo and below 
22 . 2= 1'122 bolts beam flanges, column web stiffeners 

opposite both beam flanges. 

8MS I w250 x 33 I w200 x 100 1280 x 160 x 16 x M325 IWOld 1175 kN preload 1 cantilever 1 End plato protrudes above and below 
25.4= K22 bolts beam flanges, column wab stiffeners 

I I I I 
opposite both beam flanges . 

50 I 2 I IPE300 I HEA200A 1325 x 200 x 6 x H2O weld not pre loaded cantielver End plate extends below bottom 
32I11III 10.9 flange of beam 

22 1 IPE400 I HEA200A 1425 x 270 x 6 x H22 '"'eld not preloadad canti.alver End plate e~tends belo,", bottom 
32I11III 10.9 flang. of beam. 350 x 16mm backing 

plates. 

SA 1 IPE300 1 HE240A 1320 x 190 x 6 x M22 weld - not pre loaded portal lEnd plate 20 mm below bottom flange 
25I11III frame + 260 x 95 x 15mm backinq plates. 

58 1 IPE300 1 m:240A 1350 x 180 x 6 x H22 weld not pre loaded portal End plate sOmm below bottom flange 
25I11III frame + 260 x 95 x 15mm backinq plates. 

5C 1 IPEJOO 1 ElE240A 1350 x 180 x 6 l[ M22 weld not pre loaded portal End plate sOmm below bottom flange 
25_ fr&llle + 260 x 95 X 15mm backinq plates. 

• 1 50 1 IPEJOO 1 m:24OA 1350 x 180 x 6 x M22 weld not pre loaded portal End p.fate. SOmm. below bottom flange 
25I11III fr&me + 260 x 95 ~ 15mm backing plates. 

I I 

49 I 1 I 305 x 165 254 x 254 325 x 200 x 4 x H2O weld 22_ - - column stiffening 
U8 40 UC B9 8mm 8.8 bolts 

3 I 305 x 165 
UB 40 254 x 254 340 x 240 x 6 x H2O Iweld 122 ... I I Jcolumn stiffening 

UC 89 12_ 8.8 bolts 

5 I 305 x 165 1254 x 254 340 x 240 x 6 x H2O Iweld 122I11III I I lcolumn stiff.n~nq 
UC 54 UB 132 25 ... 8.8 bolts 



,... -,- 13 - -
Ref. Test. Beam Column Cleat Column Beam Hole Bolt tighteninq Test CoIllIrle n t s 

size size Sl.ze fastenl.ng fast.enl.nq type procedure type 

50 9 IPE300 HE200A 400 x 200 x 6 x K20 weld - not pre loaded cantilever 
32,... 10.9 

bolts 

10 IPE300 HE200A 400 x 200 x 6 x H2O weld not pre loaded cantilever 300 x eo x 13a:a fl&n~ badt.1nq 
32,... 10.9 plAte •. 

bolts 

20 IPE400 HE300A 510 x 270 x 6 x H2O weld not pre loaded cantilever 
32,... 10.9 

bolts 

21 lPE400 HE200A 510 x 270 x 6 x M20 ", ... ld not pre loaded cantilever 350 x 110 x 16aa. flanqe ba.ck..in.q 
32mm 10.9 pla.tes. 

bolts 

HlA IPE300 B.E240A 400 x 180 x 6 x H2O weld not pre loaded portal 
22_ bolts frillll8 

Hl8 IPEJoo HE240A 430 x 180 x 6 x H2O weld not pre loaded portal 
22_ bolts fr .... 

HlC IPE300 HE240A 430 x lSO x 6 x K20 weld not pre loaded portal 
22mm bolts frillll8 

HlD IPE300 HE240A 430 x lSO x 6 x H2o weld not pre loaded portal 
22mm bolts fr .... 

55 T-l 61008113 31OUC240 ~O x 12 x 10x"in. weld turn-oi-nut cruciform, 
1 in. Hc;h load in I strength column 

bolts I T-2 610UB113 3lOUC240 30 x 12 x 10x"in. weld turn-oi-nut cruciform, 
1> in. high load in 

strangdl column 
bolts 

56 Jl 245 x 102 152 x 152 368 x 15mm 6 x M16 weld 17.5 and - crucl.form, washers under bolt heads and nuts. 
UB 22 UC 37 \HSFG bolt. 20.6mm load in 

clearanCE column 

J2 245 x 102 152 x 152 368 x 15mm 6 x M16 weld 17.5 and crucl.form, washers under bol..t. heads and nuts. 
UB 22 UC 30 HSFG bolts 20.6mm load in 

c le a.r an CtI column 

J3 245 x 102 152 x 152 368 x !Smm 6 x M16 ",eld 17.5 and cruCiform, washers under nuts only. 
UB 22 uc 23 JaSFG bolt. 20.6 load in 

c le ar an CtI column 

J4 245 x 102 152 x 152 368 x !Sam 6 x M16 weld 17.5 and cruCiform, washers under bolt heads and nuts, 
UB 22 UC 23 mSFG bolts 20.6 load in full deoth web stiffeners in column. 



Ref. I Test Seam CotWiin :" leat Column Beam Hole Bolt tightenl.nq Test Comments 
size size Sl-ze fastening fastening type procedure type 

Jtxl02 152 x 152 368 x l5mm 6 x Ml6 weld 17 . 5 and crucl-form , washars under bol.t heads and nuts, 
UB 22 uc 23 HSFG bolts 20.6 load in axial load in column of 35\ of 

column work ing load. 

5J I lA ,,1 4 x 22 I "S x 35 ~ in. thick I 8 • \ in. weld crucl-form , Py/3 in column, balanced loading 
A32S bolts load in M-~ curves provided. 

column 

18 Wl4 x 22 I we x )S lw i .a. . thick I 8 x \: in'j weld cruciform, py/) in column, balanced loadinq 
A325 bolts load in M-~ curves provided. 

column 

lC w14 x 22 I we x )5 1 in. thick I Bx'-in. weld cruciform, Py/) in column, balanced loading 
A325 bolts load in 

column 

2A wB x )5 I wlO x 49 I \ in. thick I e x lw in. weld cruciform, Py/ ) in column, balanced loadinq 
AJ2S bolts load in M-~ curves provided. 

column 

28 w8 x 3S I wlo x 49 1'r in. thick I 8xlain. weld cruciform, Py/J in column, balanced loadinq 
A325 bolts load in H-, curves provided. 

column 

2C w8 x )S I w10 x 49 1, in. thick I 8 x r, in. I weld cruciform, I Py/ J in c olumn , column web s tiff-
A325 bolts load in eners oppost~e both flanges. 

column 
, 

2D we x 35 I WIO x 49 1, in. thick I 8 x " in. weld cruciform, I PylJ in column, balanced loading 
A325 bolts load in 

column. 

3A w24 x 55 I w14 x 49 " in. thick I 8 x 1 in. weld crucifOrlll.1 P 13 in column. balanced loading 
A325 bolts load .in 

column 

38 w24 x 55 I wlO x 49 l~ in. thick I 8 x I in . I weld I cruciforlll.1 Py/3 in column. balanced loading 
A325 bolts load in 

column 

3C w24 x 55 I w14 x 49 I 1\ in. thick I 8 x 1 in'l weld I cruciform Pbi3 in column, balanced loading, 
A325 bolts load in c lumn web stiffness opposit. both 

column flanges. 

3D w24 x 55 Wl4 x 48 I 1\ in. thick I 8 x 1 in'l weld I cruciform, I Py/) in column, bal-anced loading 
A32S bolts . load in 

column 

4 w21 x 49 w1 4 x 74 I 1, in.thick I 8 x 1,in.l"eld I cruciform. I Py/3 in colwm. balanced loading 
A325 bolts load in 

column 



Ret. I Test. Be .... Column Cleat. Column Beam Hole Bolt tightening Test. Comment.s 
size S1.ze S1.ze fastening · fas ten.i.ng type procedure type 

I 

5 I W21 x 44 we x 40 1, in. thick e x 1 in. weld cruciform, I P 13 in column, balanced loading 
A325 bolts load in Y 

column 

6 I w24 x 76 I WID x 49 11\ in . thick I e x 1 in. weld cruciform, I Py/3 in column, balanced loading 
AJ2S. bolts load in 

column 

7 I w14 x 22 I we x 31 11 in. thick lex\in. weld cruciform, I Py /3 in column, unbalanced loading 
A325 bolt. load in 

column 

B I w14 x 22 I wlO x 33 II.>: ~"\.thick I B x 1 in.' weld cruci~,1 Py/2 1n column. unbalanced loading 
A325 bolts load in 

column 

5B, p2 356 x 171 200 x 200 470 x 200 x 6 x M16 weld . lB_ 75 kN shank cruciform, I 2amm column flange 
59 UB 45 x 12mm. 20mm BSFG bolts tension load in 

web UC shape column 

CS1-l 356 x 171 
UB 45 200 x 200 1470 x 200 x ' 16 x H16 I weld Ils... 75 kN shank cruCiform, I 15mm column flange 

lSmm BSFG bolts tension load in 
column 

CSl-2 356 x 171 200 x 200 470 x 200 x 6 x M16 weld lBmm 75 kN shank cruciform, I lSmm column flange 
UB 45 x 12am 150IIII BSFG bolt. tension load in 

UC shape column 

CSl-3 356 x 171 200 x 200 470 x 200 x I 6 x H16 I weld 11S ... 75 kN shank cruciform, I 15mm colWlll flange 
UB 45 x 12mm 15111D BSFC bolt. tension load in 

column 

CSl-4 356 x 171 200 x 200 470 x 200 x 6 x M.l.6 .... eld lS_ 75 kN shank cruCiform, I lSmm column flange 
UB 45 x l2mm 15111D BSFG bolts tension load in 

column 

CSl-5 356 x 171 200 x 200 470 x 200 x 6 x M.l.6 weld lSIIID 75 kN shank cruciform, I 15mm column flange 
UB 45 x 12mm. 15 ... FGbolts ten.ion load in 

column 

CS2-1 365 x 171 200 x 200 470 x 200 x 6 x M.l.6 weld lS_ 75 kN shank. cruciform, I 11.8m. C01WDn flange 
UB 45 x 12_ 15_ BSFG bolt. tension load in 

column 

CS2-2 356 x 171 200 x 200 470 x 200 x 6 x Kl6 weld 1_ 75 kN shank cruCiform, I 11.951l1:D column flange 
UB 45 x l2mm 15_ BSFG bolts tension load in 

column 

CS2-3 I 356 x 171 200 x 200 470 x 200 x 6 x H16 weld lB_ 75 kN shank crucifo:r:m. I l2.Omz:a colual tlanqe 
UB 45 x l2mm 15 .... BSFG bolts tans ion load in 

column 
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Ref. Test Beam. Column Cleat Column Beam Hole Bolt tightening Test Comments 
size size size fastening fastening type procedure type 

CS2-4 356 x 171 200 x 200 470 x 200 x 6 x M16 weld 18_ 75 kN shank cruciform, 11. 74mt11 colo.unn flange 
us 45 x 12mm 15_ HSFG bolts tension load in 

web UC shape column 

CS2-5 356 x 171 200 x 200 470 x 200 x 6 x MIG weld 18.." 75 kN shank cruciform, 11.7mm column flange 
UB 45 x 12mm 15mm HSFG bolts tension load in 

web UC shape column 

CS3-1 357 x 171 200 x 200 470 x 200 x 6 x MlG weld ' 1Ilmm 75 kN shank cruciform, 20mm column flange, a - 328 
us 45 x 12mm 2<>nm HSFG bolts tension load in N/mm2 for end plate aXd column 

web UC shape column flange 

CS3-2 357 x 171 200 x 200 470 x 200 x 6 x MIG welc 18mm 75 kN shank cruciform. 20mm column flange, Qr - 328 
US 45 x 12mm 2<>nm HSFG bolts tension load in N/mm2 for end plata and column 

web UC shape column flange I 
CS3-3 357 x 171 200 x 200 470 x 200 x 6 x MIG weld IBmm 75 kN shank cruciform, 20mm column flange. cy - 328 I 

US 45 x 12mm 20Qnm BSFG bolts tension load in N/mm2 for end plate and column 
web UC shape column flange 

CS3-4 357 x 171 200 x 200 470 x 200 x 6 x Ml6 weld IBmm 75 kN shank cruciform, 20mm column flange, cry. 328 
US 45 x 12mm 20mm BSFG bolts tension load in N/mm2 for end plate and column 

web UC shape column flange 

CS3-5 357 x 171 200 x 200 470 x 200 x 6 x Ml6 weld lSmm 75 kN shank cruciform, 2amm column flange. cry - 328 
US 45 x l2mm 20mm HSFG bolts tension load in N/mm2 for end plate and column 

web UC shape column flange 

CS4-1 357 x 171 200 x 200 470 x 200 x 6 x Ml6 weld IBmm 75 kN shank cruciform, 20mm column flange, cry • 328 
US 45 x l2mm 15""" HSFG bolts tension load in N/ mm2 for end plate and column 

web UC shape column flange 

CS4-3 357 x 171 200 x 200 470 x 200 x 6 x Ml6 weld IBmm 75 kN shank cruc.iform, 20mm column flange, cry t 328 
US 45 x l2mm 15""" HSFG bolts tension load in N/mm2 for end plate and column 

web UC shape column flanqe 

, 

CSS-l 357 x 171 200 x 200 470 x 200 x 6 x Ml6 weld lSmm 75 kN shank cruciform, l7mm column flange, cry - )28 I 

US 45 x 12mm 20mm HSFG bolts tension load in N/mm2 for end plate and column 
web UC shape column flange 

, 

I 
CS5-2 357 x 171 200 x 200 470 x 200 x 6 x M16 weld IBmm 75 kN shank cruciform, l7mm2column flange, Oy - 328 

US 45 x 12 ... 2cm. HSFG bolts tension load .in N/mm for end plate and column 
..... eb UC shape column flange 

49 2 305 x 165 254 x 254 400 x 200 x 6xM20Gr ...,eld 22mm - cruciform column web stiffeners opposite both 
US 40 UB 89 12""" 8.8 beam flanges. 

4 305 x 156 254 x 254 400 x 200 x 6 x H2O Gr weld 22""" cruciform column web stiffeners opposite both 
UB 54 UC 132 12""" 8.8 beam. flanges. 

6 305 x 156 254 x 254 200 x 200 x 6 x H2O Gr weld 2211111l cruciform -
US 54 UC 73 25""" 8.8 
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fte! . Test Be4m Column Cleat Column a .... Hol. Bolt tightenlonq Test Comments 
SLze size size fastening fast.enl.nq type procedure type 

56 Jl 254 x 102 152 x 152 355 x 147 x 6 x M16 Gr weld 18.." - cruclforlD -US 22 uc 23 15.." 8.8 bolts 

J2 254 x 102 152 x 152 155 x 147 x 6 x 1416 Gr weld 18 .... cruel.form 250 x 66 x 6mm flang_ backing plates. ua 22 uc 23 15"", S.8 bolts 

J3 254 x 102 152 x 152 355 x 147 x 6 x M16 Gr weld 18 ... cruciform H-f curve prOvided. 
US 22 uc 23 15II1II1 B.8 bolts , 

J4 254 x 102 152 x 152 355 x 147 x 6 x H16 Gr weld lSmm cruciform 250 x ·66 x 6r:am flange backinq places, 
US 22 uc 23 15 ... 8.8 bolts H~ curve provided. 

61- 1 IPE400 HE240A 500 x 240 x 6 x M20 weld - - cruciform No aXl.al load in column. 
20.Smm B.S bolts 

2 IPE400 HE240A 500 x 240 x 6 x H2O weld cruclforlXl 135 N/mm2 stress in column flange •. , 
20.Smm 8.8 bolts 

3 IPE400 BE240A SOO x 240 x 6 x H2O weld ruclform 143 N/mm2 stress increasing to 235 

I 20.Smm 8.S bolts N/mm2 in column flange •. 

4 IPE40Q 1iE240A sao x 240 x 6 x IoUO r-e1d ~rucl.form 73 "/mm
2 stress increasing to 233 

20.5mm 8.8 bolts N/mm2 in column flanges 

63 1 IPE400 HEJOOA 600 x 180 x 14 x H2O Cr !w.ld antilever 2CX>mm flanged haWlch on compression 
20am! 8.8 bolts si.de of beam. 

2 IEP400 HEJOOA 600 x 180 x 14 x H2O Cr !w.ld ~a.nUlever 200mm flanged haunch on compression 

I 
20am 8.8 bolts side of beam, 600 x 185 x lOmm web -

doubler plate on column 

3 IPE400 HE300A 600 x 220 x 12 x M24Cr weld - - cantilever 400mm flanged haunch on compression 
2t.mm 8.8 bolts side af beam 

4 IPE40Q ElE300A 600 x 220 x 12 x M24Cr weld cantilever 200mm flanged haunch on compres.ion 
2tmm 8.8 bolts side of beam + 600 x 165 x lOmm 

web doubler plate on column 

5 IPE400 ElE300A 700 x 220 x 12 x M24Gt weld cantilever 670ma flanqed haunch on compression 
20am! 8.8 bolts side of beam + 2 x 700 x 165 x lOmm 

web doubler plate on COIWDll 

62 1-15 IPE400 HE300A 600 x 100 x 14 X M20Gl weld 22 ... - cruciform Flanged haunch on compression side 
15.3mm 8.8 bolts drill of beam. 

1-20 IPE400 ElEJOOA 600 x 100 x 14 x M20G weld 22_ cruciform. Flanged haunch on oompre •• ion side 
20am! 8.8 bolts drill of beam. 

2-U HEJOOA HEJOOA 440 x 300 x 12 X M20GI weld 22I11III cruciform Flanqed haunch on compre •• ion side 
U_ 8.8 bolts drill of beam. 

2-20 BE300A HEJOOA 440 x 300 x 12 x M20Gt weld 22_ cruciform Flanged haunch on compression side 
11_ Q Q "- ... 1 .. _ ~ -' ... ~ - . . . . . . ~ . 
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Ret. Tesc B ..... Column Cleac Column Be .... Hole Bolt tightening Test Comments 

size S1.ze S1.Z. fastening fast.en1.ng type procedure type 

3-18 IPE400 HE)OOA 590 x 220 x 12 x M24 weld 26mm cruciform Flanged haunch on compression s1.de 
18 ... Gr 8.8 drilled of beam + doubler plate on column 

bolts web and tension stiffeners on 

• column web . 

)-21 IPE400 HE)OQA 590 x 220 x 12 x M24 weld 2611111l cruciform Flanged haunch on compression side 
2 l111m Gr S.S drilled of beam + doubler plate on column 

bolts web and tension stiffeners on 
column web. 

4-18 IPE400 HE)OOA 600 x 220 x 12 x M24 ...,eld 26 ... cruciform Flanged haunch on compression side 
18= Gr 8.8 drilled of beam + doubler plate on collJJDll 

bolts web and beam web ~ dept.h stiffeners 
at haunch toe. 

4-21 IPE400 HE)OOA 600 x 220 x 12 x H24 ...,eld 26= cruciform Flanged haunch on compress1.on side 
2l111m Gr 8.8 drilled of beam + doubler plate on colUl11ll 

bolts web and beam web , depth stiffeners 
at haunch toe. 

4-18 IPE400 BE)OQA 700 x 220 x 16 x M24 weld 2611111l cruciform Plain haunch on compression side of 
18= Gr 8.8 drilled beam, doubler plates on unsion and 

bolts compression side of column, backing 
plates behind column flanqes. 

5-21 IPE400 HE)OOA 700 x 220 x 16 x M24 weld 26 ... cruciform plain haunch on compression sid_ of 
2lmm Gr 8.8 drilled beam, doubler plates on tension and 

bolts compression side of column, backing 
plates behind column flange. 

5) 1 320 x 127 216 x 216 20) x 114 x 4 x M22 , weld - fully torqued cruciform Grade SO steel, high moment loading. 
UB 48 UC 71 25.4mm. 4 x M2S using feeler 

SFG bolts gauges 

2 254 x 102 216 x 216 165 x 111 x 4 x M16 , weld fully torqued cruciform Grade SO steel, high moment loading. 
U1! 48 uC 59 19_ 4 x.. M22 usinq feeler 

SFG bolts gauges 

) 254 x 102 216 x 216 171 x 111 x 4 x M20 & weld fully torqued cruciform Grade 50 seeel, hiqh moment loadinq. 
UB 28 uC 59 19_ 4 x M22 usinq feeler 

SFG bolts gauges 

4 320 x 127 216 x 216 178 x 114 x 4 x M22 & weld fully torqued cruciform Grade 4) steel, high moment loading, 
UB 48 UC 59 32 .... 4 x H2O usinq feeler column web stiffeners. 

~sP'G bolts gauges 

5 360 x 127 216 x 216 178 x 108 x 8 x H2O & weld fully torqued cruciform Grade 4) steel. hiqh moment loadinq, 
U1! 29 UC 59 25_ ~SFG bolts using feeler column web stiffeners. 

qaUQ8S 

6 366 x 171 216 x 216 20) x 117 x 4 x H25 I weld fully torqued. cruciform Grade 4) steel, high moment loadinq, 
U1! 67 uc 59 35_ 4 x H28 using- feeler column web stifteners. 

~SFG bolts qauqe. 

" ., ..... " . . ,~ -.- _ . . 



Ref.1 Test Be..., Column Cleat Column Beam Hole Bolt tiqhten.lng Test Comments 
S.lze size size fastening fasteninq type procedure type 

8 203 x 133 1216 x 216 1165 x 114 x 1
4XM2O

& 
weld • fully torqued 

IJB 30 ue 59 19_ 4 x MlJ usinq feeler 
gauges 

9 203 x 133 1216 x 216 1165 x 114 x 14 x Ml6 & weld I fully torqued Icruciform IGrode 43 stael. high shear loading 
IJB 30 ue 59 19_ 4 x H2O uSl.ng feeler column web stitteners. 

gauges 

10 320 x 127 1216 x 216 1178 x 114 x 14 x H20, I weld I fully torqued cruciform Grode 43 steel. high shoar loading j 
IJB 48 ue 59 2l.mm 4 x M25 using feeler column web stiffeners. 

gauges 

11 366 x 127 1216 x 216 1165 x 108 x 14 x Ml6 , 1 weld 1 fully torqued lcruciform IGrade 43 steel, high shear :ou~nq, 
UB 39 uc 59 22 .... 4 x H2O using feeler column web stiffeners. 

qauges 

12 320 x 165 1216 x 216 1191 x 111 x 14 x M22 , 1 weld I fully torqued ~ruc1form IGrade 43 steel. high shear loading. 
IJB 54 ue 59 27 .... 4 x H25 usi.ng feeler column web stiffeners. 

gauges 

13 366 x 171 1216 x 216 1191 x 117 x 14 x H25 , weld 1 fully torqued ~ruc1form IGrade 43 stael. high shear loading. 
UB 67 UC 59 32 .... 4 x M28 using feeler column web stifteners. 

gauges 

5~ Cl 112 x 5 UB 25 18x8 ue 48 1\ in. plate 16 x \ .n. weld I ca.ntileverlmil.d steel and plate, tensi.on bolts 
preloaded, shear plate. 

C2 115X6UB40 IIOXlO UC 601 \; in. plate 16 x 1 in. weld ca.ntilever!mild steal end plate, tenSl.on bolts 
shear plate. 

C3 115X6UB40 IIOXlO UC 601\ in. Dlaoe 16 x 1 in. weld cantileverlmild steel end plata, tension bolts 
shear plate, compression 

e4 115 x 6 UB 40 Iloxlo ue 6011 in. plate 16 x 1 in. weld 

1 stiffener on column. 

cantilever mild steel eDd plate. tension bolts 
loaded. high strength and plate 

shear plata. 

e5 I15X6UB40 IlOXlO UC 6011 in. plate 16 x 1 in. I weld I cantilever Ih.19h stre.nqt!J. eDd "late. tension bolts 
loaded. sheAr plate, high strenqtl 
plate shear plate. 

C6 I15X6UB40 110xlO ue 6011\ in. pla .. 16 x 1. in. I veld I cantilever IhiCJh suenqth end pla.te. tension 
preloaded. shear plate. 
ssion stiffener 1n column. 

51 15 x 5 US 42 8 x 8 uc 35 18.5 x 7 x 8 x \ in. weld torque control cruCl.torm. 
1" in. H.T.bolts 

+ 4 x \; in. 
black bolt 

A2 1 15 x 5 UB 42 18 x 8 uc 35119 x 7 x 8x\1.tl. weld torque control cruciform ~ , In. colUCl web stiffeners. 
1" in . 



Table 8 (cont.1.nuac1) 

Rat. I Tett .e .... . Column Cleat Column Beam Hole Bolt tightenlng Test Comments 
size 5l.z.e S1.Z. f .. steninq folsten1.nq type pr:ocedure type 

. - . -
AJ 15 x 5 U8 42 8 x a uc 35 19 x 1 x 8 x \ in. 

L .In. 
wold torque control cruciform 1\ in. column web stiffeners 

" 

81 15 x 5 U8 42 8 x 8 uc 35 19 x 1 x 1 in. 10 x r. in. .... eld torque can trol cruciform : , In. c olumn web stiffeners 
H.T.bolts 

82 15 x 5 US 42 8 x B UC 35 18 x 7 x \ in lax "" in. .... eld torQUa con trol cruciform ., in. column web stiffener. 
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Ref. Test. Be .... Column Cleat. Column B ..... Hole Bolt t.igh ten long Test Comment.s 
SiZ8 size size fastening fastanl.nq type procedure type 

50 M2A IPE400 HE240A lOOxlOOx12 10 x H2O 7 x H20 bolts - - Fr ..... Backing plates on outside of top 
angles, bolts angles 
18Qnm and 
330mm long 

M2B IPE200 HE240A 16OxlOOx12 10 x H2o 11 x H2O bolts Fr_ Ba.cking plat •• on ouc.ide ot top 
angles on bole. 4I1g1es 
flanges, 

\ 

lOOxlOOx12 
angles 20Qnm 
long on web 

I 
M2C IPEJOO HE240A lOOxlOOxU 10 x H22 7 x M22 bolts Frame -

angles 180 & 
33 mm long 

bol.t. 

M2D IPE400 HE240A lOOxlOOx12 10 x 1422 7 x M22 bolts Fr .... Backing plates on outside of top 
angles. 180 bolts angles 
and J5Qmn 
long 

, 

• • 



-
JQ< 'is 

Ref. Test Be .... Column Clea t Column BUm Hole Bolt tightening Test Comments 
sl.ze s1.ze sloze fastening fastenl.nq type procedure type 

65 a 10 x Sin 12 x 81.n 24 x 7"1n S x 3/ 4in 8 x 3/ 4 in - 250 ft-lb torque cruciform 
split I H_T. boles bolts preload (turn 

of nut) 

b 10 x Sin 12 x Sin 24 x 1~ln S x 3/4in 12 x 3/4 in - 250 fL-lb torque cruciform 
split I H.T. boLts bolts preload (tuxn 

of nut) 

c 10 x Sin U x 8in 24 x "in S x 3/4in 16 x 3/4 in - 250 ft-lb torque cruciform. 
split I H.T. bolts bolts preload (turn 

of nut) 

d 10 x Sin 12 x 81n 24 x 7~i.n S x 3/41n 20 x 3/4 1n - 250 ft-lb torque cruciform 
split I H. T. bolts bolts preload (tum 

of nut) 

• .. 12 x Sin 24 x 7":1in S x 3/4i.n 16 x 3/ 4 in - 2SOft-lb torque cruciform 
spii t I B.T. bolts bolts preload ( turn 

of nut) 

f 10 x Sin 12 x Bin 24 x 7":1in S x 3/41n bolts & welds 

I - 10 x 51n 12 x Sin 24 x 7":1in 8 x 3/41n 12 x 3/ 4 J.n - 250ft-lb torque crucifoIlD 
split I H.T. bolts bolts preload (turn 

I 

of nut) 

- 10 x 5i.n 12 x Sin 24 x "i.n 8 x 3/41n U x 3/ 4 in - 250ft-lb torque cruciform column web stiffeners 
spli t I H.T. bolts bolts prelaod (turn 

I ot nut) 
• , 

50 8 IPE300 BE200A 250 x 156 x 4 x M2(X;.r 6 x H2(X;r - - cantilever backing plate behind column flange, 
)2 x 16mm 10.9 + 2 10.9 bolts short small I used as bottom seat 

x K16Gr 
10.9 bolt.! 

12 IPE400 BE300A 335 x 180 4 lC. M22Gr 8 x M22Gr - - cantilever backing plate behind column flange 
32 x 16= 10.9 + 2 10.9 bolts short small I used as bottom seat 

x H2O Gr 
10.9 bolt.! 

19 IPE400 BE300A 335 x 180 4 x H22Gr 8 x M22Gr - - cantilever backing plate behind column flange, 
32 x 16um 10.9 + 2 10.9 bolts short small I used as bottom seat 

x H2O Gr 
10.9 bol", 

23 IPE400 BE300A 335 x 180 8 x H22 12 x M22 Gr - - cantilever tee-stuba top and bottom 
32 x 16a:a Gr 10.9 10.9 bolts I 

bolts 



, 



Ret. I T •• t. Be ... Column Cleat. Column Beam Hole Bolt tl.ghtenl.nq Test. Comments 
size size size fast.enl.nq fasten.l.nq type procedure type 

lS ISB) I w8 x 20 we x 20 4 x ) x L,in 4 x ~in 2 x ~in A)25 cruci.form 
bott.om cleat A325 bolt. bolts + direct 
+ ~in top + direct weld 
plate weld 

CB4 I W8 x 20 I w8 x 20 4 x ) x ~ln 14 x. ~1n ~ 2 x ~ln A325 J I cruciform. I As SB3 but corapoaite w1th Ilin1.a\a 
bottom cleat A)25 bol bolts ... dirac slab rei.n.forcement 
+ '2in top + direct weld 

CBS I We x 20 I wS x 20 4 x ) x L,in 4 x ~ln 12 x ~ln A)2S J I cruciform I As SB) but composite with aaxiaUil. 
bottom cleat A)25 bolt bo1 ts ... dirac slab reinforcement 
... '2l.n top + direct weld 
plate weld 

• • 
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Ret. I Test I Beam Col""", Cleat Column So..., Hole Bolt t1.ghteninq Test. COlDIDents 
siz.e 

I I 
.1ze size fastening fas t.enl.nq type procedure type 

50 Il I IPE 300 HE20011 250 x 150 x 12 x H2O 10 x H2O Gr 22_ - cantilever 
32 x 12mm Gr 10.9 10.9 bolts 
tee-stubs bolts 
+80x120x 
12D1D angles 

3 IPE 300 I H!!2000\ 1250 x 150 x 112 it H2o 110 x H20 Gr I 22mm I cantilever 
32 x 12a:m Gr 10.9 10.9 bolts 
tee-stubs bolts 
+ 80 x 120 x 
12mm angles 

4 IPE ltY> I HE200A 250 x 150 x 8 x H2O 110 x H2O Gr 22_ I cantilever I Ml6 bolt. in upper t .. 
32 x 1.2mm Gr 10.9 10.9 bolts • lSmm 
tee-stubs bolts + 4 
+80x120x x H16 Gr 
12DJ1D angles 10.9 bolts 

S IPE 300 I !IE200A 1250 x 150 x 12 x H2O '14 x M.20 Gr 22_ , cantilever, slotted. h.ole. in ve.b cl.ats + 
32 x 12mm Gr 10.9 10.9 bolts • 18mm lIang. ~ckinq plae.. 
tee-scubs bolts + 4 
+ 80 x 120 x x M16 Gr 
12a:m angles 10.9 bolts 

7 IPE 300 I 8E200A 1250 x 150 x 12 x H2O 114 x H2O Gr 22_ I cantilever I slotted holes 1n web cleat ... 
32 x 12mm Gr lO.9 10.9 bolts .1_ flange b.ck~ng plate. 
tee-scubs bolts + 4 
+80xUOx x M16 Gr 
12mm angles 10.9 bolts 

I cantllev.r I C~lUIIID web stif"fener. 6 I IPE 300 I HE200A 1250 x 150 x 12 x H2O 114 x H2O Gr 22_ 
32 x Umm Gr 10.9 10.9 bolts .1_ 
tee-stubs bolts + 4 
+80x120x x H16 Gr 
12r:t11 angles 10.9 bolts 

11 IPE 400 I HE3000\ 1335 x 180 x 15 x H22 ~4 x H22 I 2411111l I cantilever 
32 x l61Z1D Gr 10 . 9 r 10.9 bolts 
tee-sCJDS bolts 
+ l00A420 
x 12mm angles 

13 I IPE 400 I HE300A 1335 x 180 x rs x H22 ~4 x H22 12411111l I cantilever 
32 x 161Z1D Gr 10.9 r 10.9 bolt. 
tee-stubs bolts 
+ 12mm angle s 

14 IPE 400 I HE300A 1335 x 180 x 
r9 x M22 ~4 x H22 12 _ I cantilever 12 .lotted hole. in web cleat.a + 

32 x 16DD Gr 10.9 r 10.9 bolts flange backing plate. 
tee-stubs bolts 
+ 12mm angles 
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Ref. I Test Beam Colwc.n Cleat Column Beam Hole Bolt tightening Test Comments 
size size 

I 
size fastening fastenl.nq type procedure type 

SO I 15 I IPE 400 HE300A ))5 x 180 x 19 x H22 14 x 1122 24mm cantilever I 2 slotted holes in web cleats + 
32 x 16mm. Gr 10.9 jGr 10.9 bolts flange backing plates 
tee - seubs bolts 
+ 12tl1m,.. angles 

16 I IPE 400 I HE300A 1335 x 180 x 119 x H22 ~4 x H22 124mm J cantilever I 2 slotted holes in web cleats + 
32 x 16mm Gr 1'0.9 r 10.9 bolts tlanqe backing places 
tee-stubs bolts 
+ 12mm angles 

17 I IPE 400 I BE300A 1335 x 180 x ~5 x H22 ~4 x H22 \24mm I cantilever I column flanqe width reduced by 35U111. 
32 x 160m Gr 10.9 r 10.9 bolts 
tee-stubs o1ts 
+ 12am anqles 

18 I IPE 400 I BE300A 1335 x lSO x 115 x H22 ~4 x M22 j24mm I cantilever I ~~umn flange thickness reduced t o 
)2 x l6mm. Gr 10.9 r 10.9 bolts 
tee-seubs bolts 
+ 12mm angles 

• 
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1. Single web cleat 
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3. Web side plate 
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5. Bottom flange cleat 
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2. Double web cleat 

I.. Flange cleats 
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6. Flexible end plate 
(header plate) 
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TABLE 1. COMMON FORMS OF BEAM TO COLUMN CONNECTION 
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7. Flush end plate 8. Extended end plate 
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11. Top plate + seat angle 12 . Tee - stubs + web cleats 

TABLE 1. (cant.) 
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FIG 32 STRAP ANGLES USED TO EFFECT A CONNECTION 

BETWEEN AN RHS COLUMN AND AN I BEAM, REF 71,72 
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FIG. 33 MOMENT -ROTATION CURVES FOR STRAP ANGLE CONNECTIONS 

BETWEEN RHS COLUMNS AND 1 BEAMS 
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