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Study on the bearing capacity of high strength bolt connection for
longitudinal seam of corrugated steel plates
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Abstract: To study the bearing capacity of high strength bolt connection, static tensile tests on longitudinal seam of
corrugated steel plate ( CSPs) specimens were carried out by considering hot-dip galvanized and non-galvanized
steel plates with different thicknesses, and flat plate specimens were designed under the same condition for
comparison. The failure mode, the ultimate load and slip load of the longitudinal seam, and the limit and slip
displacement of the specimens were analyzed. Results reveal that hot-dip galvanizing almost did not affect the
ultimate load. When bearing failure at bolt hole occurred, the ultimate load of the CSP connections was about 12%
to 20% higher than that of the flat plate specimens, while there was little difference in the limit displacement
between them. When bolt shearing failure occurred, the ultimate displacement of the flat plate connections was
about 1.3 to 1. 7 times of the CSP ones, but their ultimate bearing capacities were similar. Based on the comparison
between the standard calculation result and the test result, it suggests that the design formulae of JGJ 99—2015 are
safe to calculate the bearing capacity of longitudinal seam strength of CSP with high strength bolt connection.
Keywords: corrugated steel plate; high strength bolt; longitudinal seam; ultimate load; ultimate displacement
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Fig. 1  Structural connection of CSP
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Tab.1 Main parameters of the specimens
KPS MR BOE pxe/mm AR 1/mm i/ mm
PP1/PP1Z — 4 45
PP2/PP27Z — 6 45
PP3/PP3Z — 8 45
PP4/PPAZ — 10 45
0235
CP1/CP1Z 200 x 55 4 45
CP2/CP2Z 200 x 55 6 45
CP3/CP3Z 200 x 55 8 45
CP4/CPAZ 200 x 55 10 45
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Tab.2 Material properties of the specimens

KFERE /mm f,/MPa  f,/MPa E /10° MPa &6/%
CP1Z/PP1Z 4 326 389 1.95 37.2
CP2Z/PP2Z 6 312 404 2.05 32.0
CP3Z/PP3Z 8 296 394 1.99 38.7
CP4Z/PPAZ 10 339 462 2.08 36.3

CP1/PP1 4 287 393 2.05 35.1

CP2/PP2 6 283 406 2.16 38.0

CP3/PP3 8 258 391 2.24 43.6

CP4/PP4 10 319 442 2.28 36.8
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Fig.4 Instrumentation arrangement
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Tab.3 Torque coefficient test results

KR HIE R ECPE i 22
REEETAR 0.140 0.009
REEBFR SR 0.162 0.015
PERET-HR 0.201 0.007
PRI SR 0.243 0.017
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Tab.4  Anti-sliding coefficient test results
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7 AN Pp— gAY HEg 2 EiREE ] 7 AN 16 2 58 faf B EiRER S
#/kN =/ mm E344 #/kN H/mm X3

62.50 12.8 2.50 62.50 27.9 2.40

PP17Z 93.72 0.201 26.4 2.20 PPI 93.72 0.140 26.3 0.80
125.00 30.4 2.10 0.243 125.00 39.9 2.20 0.319

62.50 13.9 2.00 62.50 20. 1 0.90

CP17Z 93.72 0.243 26.8 1.49 CP1 93.72 0.162 21.4 1.00
125.00 40.5 2.37 0.324 125.00 38.7 2.10 0.310

62.50 20. 1 1.10 62.50 24.6 2.91

PP27 93.72 0.201 25.6 1.23 PP2 93.72 0.140 28.9 3.27
125.00 33.5 2.60 0.268 125.00 40.9 2.68 0.327

62.50 20.1 3.17 62.50 28.6 4.02

cP2z 93.72 0.243 29.4 3.81 cP2 93.72 0.162 36.8 3.99
125.00 40.2 2.98 0.322 125.00 52.6 3.33 0.421

62.50 18.6 2.68 62.50 22.1 1.62

PP37Z 93.72 0.201 34.1 1.26 PP3 93.72 0.140 33.4 2.10
125.00 40.3 2.01 0.322 125.00 43.4 1.82 0.347

62.50 21.2 0.38 62.50 26.0 1.21

CP3Z 93.72 0.243 31.1 0.33 cp3 93.72 0.162 37.6 1.03
125.00 37.2 1.17 0.297 125.00 50.7 0.77 0. 406

62.50 22.3 0.56 62.50 20.8 1.63

PP47 93.72 0.201 29.3 1.02 PP4 93.72 0.140 30.5 1.03
125.00 38.2 1.16 0.306 125.00 44.6 2.02 0.357

62.50 19.7 1.32 62.50 18.9 2.03

CP47 93.72 0.243 32.2 0.96 CP4 93.72 0.162 27.9 0.87
125.00 51.7 0.62 0.414 125.00 34.9 0.23 0.279
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M= (2)

nl’ipi
ANy AR A 0 W RS far 2k, kN ny SR BEER T

W 3Py i VR — 0 3 B AR R TR ) 2
AN P, Oy g E U e UL 1 S U, N 3

MR 4 AT F BB R BRI AU

1) REEFER) PPL PP2 PP3 PP4 XL iE#
RECFIMEZ R 0. 34,3 2 [ JGT 82—2011 (4
G v i MR R R R ) 3. 2. 4 X Q235
“ A 22 ) T R T A AR A B A e L R T A B
T Z400.30 BESK.



<126 - BoR

IR AEPNEE I

2) PR LA B HT T B R AR AN TR
PR, I PR AR 2 PR P RS BEJZO6HE  d
Z IR BT R 28 K0/

3) RS2 T SO R P B R ORIk B
RPN, PR B i P b e v, L
(M1 £ 7 XL A% 2R BCd AT TRk
2.3 E#ERHFRE
2.3.1 G|

B A T, O A BRI PRl FLEEZK
IR IRAT B UIREIR. JCiE B S0l s ARl 14,
JE 4.6 mm {2 kA FLBE AR B (18 7) , #
JE5 8 10 mm I F85 8 A BRAT IS DT (141 8) .

B8 EAEUIBARE

Fig. 8 Bolt shearing failure

A RS A A5 AT R AL BE 22 8] f4 A 5
FAZIE BRFTH BT VI A LR AR AR AL, I
HRE PISLRT i LU BIAR D, T 2 AN SR AL AR
AR G PEFLAR AR 7] B0 180 354 B S AR 0 | i
B BHUAPF A ) A W] A . SO A 305
JO1 T BB AR R AR IR B2, B0 PRI N e, 1
P SO IR AR e A I AR, 2 I e sl
TARRALA L AR ARE TR T AR
2.3.2 fifz - fiAB L

K9 ~ 10 Sy d il BRI BE AR P - A
k. SR A A FLBE R SRR O 1, B SOt
AR BR AR A8 1 2R T [R) 35 25 1R T B9 Al ,
AR BR AV A% A AR [R] 5 7 K AR AT BT OIS L
P SR A5 B PR R BR Ao AR A [ i
e BROEAZ /N T e

PR BR 7R 28 77 BB AR IS A3 i 3 o, 253
ARSI AR X Py FLBE AR T O 3 B AT BT DD IR s
e PR T W 1 A5 AN FRHE . X FE TR S5 25 1F T
T G PR R P - A ihek, B PR
XA F AR FRAR T T SR BROIAZ AR AT I 5.

E7 FLEERERIRES
Fig.7 Bolt hole bearing failure

| 4

160
120
Z
=< 80
Sy
40
{ £
0 10 20 30 40 0 10 20 30 40
A/mm A/mm
—o—PP1-1 —e—PP1-2 ——PP1-3 —o—PP2-1 —e—PP2-2 ——PP2-3
—v—CP1-1 ——CP1-2—>—CP1-3 —v— CP2-1 ——CP2-2—0—CP2-3
(a) 4 mm EFZA (b) 6 mm AL
160 ) 160
120 120
Z z
=< 80 < 80
Q~ &
40 40
0 10 20 30 40 0 10 20 30 40
A/mm A/mm

—o—PP4-1 ——PP4-2 ——PP4-3
—v— CP3-1——CP3-2—0— CP3-3 —v—CP4-1 —+—CP4-2 ——CP4-3

(¢) 8 mm FEHAF: (d) 10 mm
B9 TEEElEEE -ammi

Fig.9 Load-displacement curves of common connector

—0—PP3-1—e— PP3-2—— PP3-3

160 160
120 120
QPO
E 80 T 5 80
. S I
40 40 (545
0 10 20 30 40 0 10 20 30 40
A/mm A/mm

—o—PP27-1 —— PP2Z-2—+—PP2Z-3
—¥—CP2Z-1 —*—CP2Z-2—°—CP2Z-3

—0—PP1Z-1——PP1Z-2——PP1Z-3
—¥—CP1Z-1—*—CP1Z-2—°—CP1Z-3

(a) 4 mm HERERMF (b) 6 mm ERERM:
160 160
8
120 120
Z sof Z %0
x B x
40 40
0 10 20 30 40 0 10 20 30 40
A/mm A/mm

—o— PP3Z-1——PP3Z-2 ——PP3Z-3 —0—PP47-1—e—PP47-2——PP47-3

—v— CP37-1—%CP3Z-2—°—CP3Z-3 “ ¥ CPAZ-1—*CP4Z-2—°—CP4Z-3

() 8 mm FEHR M (d) 10 mm HEHERLE
B 10 $ESEmt s - RS
Fig. 10 Load-displacement curves of galvanized connector
2.3.3 ZEIRET)

KR E JGI 99—2015 i J2 B JH Hl 47 A9 25 14
FARBARY ! F12E E ANSL/AISC 360—16 (4745 #y
FREY U AT AR A H A, B T i 25 5
FxT oG AR BR AR e R L

1) 5 2 R 2 S A 405 4 4 AR B R ) o i 3

o e e B R ) H 2
BORE: N, = 0.58n A, (3)
RFEES : N, = d Y of (4)

A n, SRR T 5 1 BT D TS s AL O IR IR
A AT RCETRR , mm? 5, S BEAR R bE (TR 5 e/



5 6 1]

S W], 45 - SO M 1) % v it WA R A IF ST - 127 -

{E, N/mm?®; o, hy 82 e 3% 12 M 14 A A% BIR 7R T o
N/mm? ;d FpIBAT B4R, mm; X ¢ R [R— 3% 1 7 [0 A
M S 2 A, mm.

2) S [E IS HEIE ) vtk B MR AR S R M
e GRS JBF LA AR T AR BT 5200 ) «

PUBIAREE: R, = F A, (5)
HRIEARE( : R, = 3. 0dtF,. (6)

X P, NI RE A A FR BT YIS EE N/ mm? s A, W IEAT
AR B A TR AL, mm® 5 F, S 3% B4R R
Fe/INLRIBE EE N/ mm”.

R PR AR B A5 R W3 5 .6

DR F TGRS A, >4 & A L RE K R IR
it W SO A B AR PR 7 28 7 354 Ll [ 45 2544 P4l
AR AR E K 12% ~20% |, )5t PR EE T3 80 it
PFEREIRINE A A7 R R JEE B Sy o TR, 3 K T FLRE 1Y
HERE ST AR R, A A 7 e JEE 3 Sy ] —
32 177 T B R JEE BE 22 0 5 5 SO A (R A BR A A% K
TP A B R RS | L RAE T hn 2t 7 v, FLRE
HRRAR AL T = ) 57 RS T SO L e 7 F Ak
P AR R SIS R R AN B FLEE R 250

TR A A WEFT BT U SR, A A 5 U SR
A R A 28 ) BEAS A [R] , 15 iR PR AR LU I
HRAR 1.3 ~ 1T A5 R R A A 8 AT 55 )

W VRIS , SR AT 55 D) 1A BRI AS AR 7], Sop BR 7 28 ) B AR
FHIF 5 S B2 5 e S0b /N, PR T AR JE 3K

2) R0 o BE A 3 AN A Y o R )
it IR T R S T 6 50% \75% (100% , ik 56 45
R R A AEA R T 1 N BR AR ) 22
SRR, i DR 7 o o B 3 2 1 1) i 3
JEE PR AL SRy 7R R T i, 00 o P AR AE R 1) 32 )
ELTCR M.

3) o T R B B AR A 3 A A A R
S 2 IR K (LR 2) , % LR 5.6 IR A BR AR 2%
TV BHE AT B AR B A 5 AR B U e
PR BR AR AR T L2 IR K, DR I AR B e X 32
YRR ANK.

4)JGJ 99—2015 AL R F ], XT 4.6 mm K
PSR AT A2 A Y, XF 8 mm 3R (19 B8 43
Mrie R 5 SEPR S DUASAE. BY VIR YR i 7k 2 1t
A I H/ N 10% ~ 19% |, 7K F i SR B L i 3w
SEH/MRZ 2 B 7 i AR SRS T 5 0 O
SF. £ [E ANSI/AISC 360—16 X%if 4% 28 70558 42 4 ol 3R
RS TR A, B U0 R i R S S e A
ARAEIE , (H 7R M I B 1138 7 28 0 I K, A T AN 22
G PRI D 0 e o R MR A 3 42 P PR 38 T T e T2
A Fe dr ERLIE JGJ 99—2015 4.

x5 EHEERAGRRSNERES

Tab.5 Galvanized connection test and standard ultimate bearing capacity

) JGJ 99—2015 (D ANSI/AISC 360—16 @ _ _ @ @
ENEE e P /kN A,/mm > IR

N /KN N /KN R, /kN R,,/kN Py Py
PP17Z 122 46.1 143.8 92.2 83.1 31.7 0.555 1.110 FRIE R
PP27Z 122 70.2 143.8 140. 4 126.5 28.3 0.555 1.110 FRE R
PP3Z 122 92.9 143.8 185.8 144.2 29.2 0. 846 0.997 BRI
PP4Z 122 134.4 143.8 268. 8 150. 4 12.5 0.811 0.956 GIETIl27N
CP1Z 122 46.1 143.8 92.2 102. 1 30.3 0.452 0.903 TR
CP27 122 70.2 143.8 140. 4 141.0 32.8 0.497 0.995 R RN
CP37Z 122 92.9 143.8 185.8 145.9 15.4 0.836 0.985 B
CP47 122 134.4 143. 8 268. 8 141.7 11.6 0. 861 1.014 IR
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Tab.6 Common connection test and standard ultimate bearing capacity

JGJ 99—2015 @D ANSI/AISC 360—16 2

R P, /kN A,/mm Q@ @ (/NN
N° /KN N® /KN R, /kN R,,/kN Py Py
PP1 122 47.2 143.8 93.1 82.4 31.7 0.573 1.129 R 2N
pPP2 122 73.1 143.8 143.3 126.1 31.3 0.579 1.136 TRIE BN
PP3 122 93.8 143.8 187.2 148.5 30.5 0.822 0.968 EIRZINEIN
PP4 122 132.6 143.8 264.0 150.4 16.2 0.811 0.956 EIRTINEIN
CPI 122 47.2 143.8 93.1 97.1 31.3 0.486 0.958 TR
CcP2 122 73.1 143.8 143.3 144.3 34.7 0.507 0.993 & E R
CP3 122 93.8 143.8 187.2 153.8 17.2 0.793 0.935 BEImR
CP4 122 132.6 143.8 264.0 159.6 12.3 0.764 0.901 EIRvINEIN
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Fig. 11  Load-strain curves of 6 mm connector
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Fig. 12 Load-strain curves of 8 mm connector
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