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Experimental study on static bearing capacity and failure
mechanism of purlin-purlin cleat-inclined beam connection
joint in fixed photovoltaic support system
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Abstract: To address the engineering demand for understanding the load-carrying capacity and failure

mechanisms of purlin - bracket - inclined beam connections in fixed photovoltaic (PV) support systems, a series
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of systematic monotonic static loading tests was conducted to investigate the influence of key structural
parameters on the mechanical behavior of the joints. The test variables included bolt hole configuration (circular
hole and slotted hole), bolt type (M10 ordinary bolts and M 12 high-strength bolts), and the presence or absence
of a bracing tube in the inclined beam. During testing, load - displacement responses, bolt pretension evolution,
and strain distributions around bolt holes were synchronously monitored to elucidate the load transfer mechanism
and failure evolution characteristics of the connections. The results indicate that two primary failure modes were
observed: bearing failure of the purlin bolt hole wall and bolt pull-out failure at the inclined beam connection.
Both modes are closely associated with the local bearing capacity of the hole wall and the redistribution of
internal forces within the joint. The hole configuration and bolt type exert significant effects on the initial
stiffness, ultimate load-carrying capacity, and deformation capacity of the connections. High-strength bolts
enhance the pre-slip stiffness and ultimate resistance, and improve the overall mechanical stability of the joint.
Slotted-hole connections exhibit greater sensitivity to the presence of bracing tubes; the installation of bracing
tubes strengthens local confinement, improves deformation compatibility, and mitigates the rate of pretension
loss. Based on the combined analysis of load - displacement curves and strain measurements, the mechanical
response of the joints can be categorized into three stages: elastic stage, slip development stage, and failure
stage. The plastic evolution in the local bearing zone governs both the ultimate load-carrying capacity and the
final failure path.

Keywords: photovoltaic fixed support; high-strength bolted connection; static loading test; bearing capacity;

failure mode; structural parameters
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Fig.2 Overall layout of the test apparatus
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Fig.3 Material property test specimens

IR0 2 4 2ok B v TS ) AR Y S SR AR L B X IR
e fLAE 32 73 5 1) b 5 0 AR me N R AR 7 A O B 6L
R U BE R AR e, S R BRG] 4 i
N WAL, FEARL A% 5 AR AT % b A B R L A L
A5 B 100 mm By £ P AT AR 2% 3 48 R 4% (Linear
Variable Displacement Transducer, LVDT) i 11,
FH T 00 ik 88 A% AE i B AR v i AL % A S E
SHR . B AR rf, R AR AR I DH3820N 3 45
B R AR R 40 [R) 20 R A IR A 1 058 ) LR
7 e WS B AR L SR A AT AR G — 1l 50 Hz.
1.4 MEHE

5 N 2k H WANCE S AL i i 7 7 6g sl
5 B, e R CRY 25 48 T8 it T BT i 56 Wb ) (GB
50205—2020 )" X JEE ¢ 70 iy 5 MR A e on 524K g, >R
FHECR A 40T IF 456 105K 00 A% A% Bl |, ot I 4
A IRRER) Uf T A RIAE 42, 75 ~45 KN X [a] P, Fil
S50 WS #E 10 min, 78 08 738 B RS IR A S G
gk . ¥ SRR G — i 40 N-m YL, LR
WE A 22 2 S5 A 1 — 35k




B XX 8 ORI, F B R X AR L REF AR —H RERT EH ) KRB R RBORALR R 52 AT 2 5

NEAE 1

1
s T
R 3 T (]

U WA Fr4

4 MEMNEFRE

Fig.4 Strain measurement scheme

Bs HKHNEFEE

Fig.5 Specimen Measurement Layout Diagram
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Fig.6 Peripheral tearing and damage
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Fig.8 Load-displacement curve
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Fig.10 Peripheral tearing failure condition of purlin bolt

holes
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Fig.11 Bolt pull-out failure condition at inclined beam
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