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Abstract:  This study represents an intermediary stage to optimize layered double-lap composite T-joints (CTJs) used to 

stiffen firefighter water tank walls and to restrain the water flow inside these tanks. CTJs with different width-to-thickness 

ratios and identical laminates architectures have been fixed on a specially designed table at different clamping lengths and 

their baffle have been subjected to static tensile loads until break. Further stage in the optimization process is required. More 

efficient CTJs clamping methods have to be designed restraining only the displacement of the double-lap connection laminate 

on their thickness. 
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1. INTRODUCTION 
 

The whole study started at the request of a firefighting vehicles manufacturer to reduce the weight of their 

vehicles. Every kilogram they win is a liter of water they can carry more, possibly saving the life of a human. 

Water tanks for firefighter trucks must be of minimum weight, while meeting the mechanical requirements of the 

component. Especially, the composite T-joint (CTJ) baffles used to increase the stiffness of the tank walls and to 

restrain the flow of water are for great importance. In the last two decades, extensive research has been carried 

out in the field of composite T-joints (CTJs). For instance, modelling and simulation of failure mechanisms and 

damage behavior of CTJs under various loadings using finite element analysis (FEA) are presented in references 

[1-9]. Design approaches and optimization methods have been used to improve the structural properties of these 

joints [10-13]. The Z-pinning technique to insert reinforcing fibers along Z-direction of CTJs leads in some 

conditions to a significant increase of the structural properties and delamination resistance of the composite 

structure [14-18]. The fatigue life and behavior of CTJs and adhesive lap joints for large composite panels have 

been also examined [19-21]. Interesting aspects regarding the behavior of CTJs used in marine applications are 

presented in references [22-24]. Especially in the double-lap area of sandwich CTJs attention has been paid using 

the nonlinear finite element analysis to estimate pull-out loadings until break [25-27]. Various geometrical 

configurations of composite adhesive joints have been used to analyze the influence of variations in the 

geometry of adherents on the mechanical strength of common joints [28-32]. The aim of this paper is to get 

experimental data obtained on CTJs with two width-to-thickness ratios useful to refine an existing finite element 

computing system. 

 

 

2. TEST METHOD FOR CTJs 

 

CTJs used in a firefighter water tank present a baffle laminate perpendicular to tank’s sidewall by means of 

double-lap connection laminates. In some conditions, during full filled tank operation, cracks in connection 

laminates and delamination between connection laminates, tank’s sidewall and baffle have been observed. To 

refine the finite element computing system, a special test method for CTJs has been developed. A table with 

adjustable clamping plates to fix CTJ samples at various clamping lengths has been designed. This table has 

been mounted on a “LS100 Plus” Lloyd Instruments materials testing machine (Fig. 1). Two types of CTJ 

samples with different width-to-thickness ratios have been clamped on this table and the baffle has been 

subjected to pulling loads until break (Fig. 2).  

 

2.1. CTJ laminates 
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Following composite laminates with their symbols have been used during testing CTJs and presented in Table 1. 

 
Figure 1:  Table with adjustable clamping plates mounted on a “LS100 Plus” testing machine 

 

 
Figure 2:  CTJ sample clamped on table 

 

Table 1:  Composite laminates used in tests 

Laminate Thickness (mm) 

[M3/W/M/CM5]s’* 13.0 ± 0.3 

[M2/W/M]s 6.8 ± 0.3 

[M2/W/M]s*2 13.6 ± 0.3 

 

The laminates symbols are: 

 [ ]S: symmetric laminate in which all plies are mirrored on the mid-plane; 

 [ ]S’: symmetric laminate in which all plies except the last one are mirrored on the mid-plane; 

 Xy: y layers of material X; 

 M: random mat 450 g/m²; 

 W: woven roving 580 g/m²; 

 *: gelcoat layer on one side; 

 CMx: Lantor Coremat of x mm thickness. 

 

2.2. Tests on CTJs with 3.33 width-to-thickness ratio 

 

In order to get a correct approximation of the water tank’s behavior, the dimensions of the CTJs are very 

important. Following test types, CTJs dimensions, laminates and clamping lengths have been used: 

 Static tests: baffle’s pulling until break on a special designed table with adjustable clamping plates 

(Figs. 1 and 2); Sample width: 60 mm; Baseplate’s laminate: [M3/W/M/CM5]s’*; Baffle’s laminate 

(vertical plate): [M2/W/M]s*2; Connection laminate: [M2/W/M]s; Baseplate’s clamping length: 300 mm; 

Number of samples used: 5. 

2.3. Tests on CTJs with 6.66 width-to-thickness ratio 
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Following test type has been performed and following CTJs dimensions, laminates architectures and clamping 

lengths have been used: 

 Static tests: baffle’s pulling until break and up to 1500 N pulling load, on a special designed table with 

adjustable clamping plates (Figs. 1 and 2); Sample width: 120 mm; Baseplate’s laminate: 

[M3/W/M/CM5]s’*; Baffle’s laminate (vertical plate): [M2/W/M]s*2; Connection laminate: [M2/W/M]s; 

Baseplate’s clamping lengths: 300 mm (five samples, three subjected until break and two subjected up 

to 1500 N ), 500 mm (two samples subjected up to 1500 N) and 700 mm (two samples subjected up to 

1500 N). 

 

 

3. RESULTS 
 

Regarding the CTJs with 3.33 width-to-thickness ratio, load-extension distributions of five samples have been 

presented in Fig. 3. Regarding the CTJs with 6.66 width-to-thickness ratio, the static test results are shown in 

Figs. 4 and 5. 

 

 
Figure 3:  Load-extension distributions of five CTJ samples during baffle’s pulling 

 

 
Figure 4:  Load-extension distributions of three CTJ samples during baffle’s pulling 

 

 
Figure 5:  Load-extension distributions of CTJ samples with various clamping lengths 
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4. DISCUSSION 
 

After testing two CTJs samples with 3.33 width-to-thickness ratio we have entered the results (load and stress at 

failure) into the FEA software and we have computed stresses in CTJ along various curve arc lengths. A stress at 

failure around 40/50 MPa has been computed at the interface between baffle, connection laminate and baseplate. 

During tests on two CTJs with 3.33 width-to-thickness ratio, small cracks appeared at the interface between 

baffle and baseplate leading to joint’s break. Zone of first damages occurred between loads interval 0.5–0.75 kN 

and extensions 1.36–1.49 mm (Fig. 3). Experience and field situations have taught us that these data obtained on 

this CTJ were not sufficient to assure a product that resists the applied forces. Both load and stress at failure 

obtained in static tests on CTJs with 6.66 width-to-thickness ratio have been used as input data in the FEA 

software and stresses in CTJ along various curve arc lengths have been computed. A stress at failure around 

85/95 MPa as well as a maximum 25 mm displacement has been computed at the interface between baffle, 

connection laminate and baseplate. Zone of first damages occurred between loads interval 1.07–1.27 kN and 

extensions 7.2–9.2 mm (Fig. 4). 

 

 

5. CONCLUSION 
 

A third stage to refine our final computing system is required in the optimization process of firefighter water 

tanks. To attain this end more tests have to be done especially using more efficient methods to clamp the CTJs, 

restraining their displacement only on their thickness direction. In our experimental tests on CTJs we have used a 

fixed clamping method. The reality is that in a firefighter water tank the CTJs allow small displacements 

between connection laminates and sidewall. 

 

 

REFERENCES 

 

[1] Hai W., Jiayu X., Suli X., Siwei W., Fubiao Y., Jinshui Y., Numerical and experimental investigation into 

failure of T700/bismaleimide composite T-joints under tensile loading, Compos. Struct., 2015, 130, 63-74. 

[2] Xueshi M., Kan B., Ji-yun L., Ke X., Experimental research on detection for interface debond of CFRP T-

joints under tensile load, Compos. Struct., 2016, 158, 359-368. 

[3] Heimbs S., Nogueira A.C., Hombergsmeier E., May M., Wolfrum J., Failure behaviour of composite T-joints 

with novel metallic arrow-pin reinforcement, Compos. Struct., 2014, 110, 16-28. 

[4] Baldi A., Airoldi A., Crespi M., Iavarone P., Bettini P., Modelling competitive delamination and debonding 

phenomena in composite T-Joints, Procedia Engineering, 2011, 10, 3483-3489. 

[5] Koricho E.G., Belingardi G., An experimental and finite element study of the transverse bending behaviour 

of CFRP composite T-joints in vehicle structures, Compos. Part B-Eng., 2015, 79, 430-443. 

[6] Guo S., Morishima R., Numerical analysis and experiment of composite sandwich T-joints subjected to 

pulling load, Compos. Struct., 2011, 94, 229-238. 

[7] Zhou D.W., Louca L.A., Saunders M., Numerical simulation of sandwich T-joints under dynamic loading, 

Compos. Part B-Eng., 2008, 39, 973-985. 

[8] Luo C., Xiong J., Static Pull and Push Bending Properties of RTM-made TWF Composite Tee-joints, 

Chinese J. Aeronaut., 2012, 25, 198-207. 

[9] Khalili S.M.R., Ghaznavi A., Numerical analysis of adhesively bonded T-joints with structural sandwiches 

and study of design parameters, Int. J. Adhes. Adhes., 2011, 31, 347-356. 

[10] Burns L., Mouritz A.P., Pook D., Feih S., Strengthening of composite T-joints using novel ply design 

approaches, Compos. Part B-Eng., 2016, 88, 73-84. 

[11] Burns L., Mouritz A.P., Pook D., Feih S., Bio-inspired hierarchical design of composite T-joints with 

improved structural properties, Compos. Part B-Eng., 2015, 69, 222-231. 

[12] Thummalapalli V.K., Donaldson S.L., Biomimetic Composite Structural T-joints, J. Bionic Eng., 2012, 

9(3), 377-384. 

[13] May M., Ganzenmüller G., Wolfrum J., Heimbs S., Analysis of composite T-joint designs for enhanced 

resistance to hydrodynamic ram, Compos. Struct., 2015, 125, 188-194. 

[14] Bianchi F., Koh T.M., Zhang X., Partridge I.K., Mouritz A.P., Finite element modelling of z-pinned 

composite T-joints, Compos. Sci. Technol., 2012, 73, 48-56. 

[15] Nanayakkara A.M., Feih S., Mouritz A.P., Improving the fracture resistance of sandwich composite T-

joints by z-pinning, Compos. Struct., 2013, 96, 207-215. 

[16] Mengjia L., Puhui C., Bin K., Tao P., Zhenglan Y., Xueshi Q., Influences of thickness ratios of flange 

and skin of composite T-joints on the reinforcement effect of Z-pin, Compos. Part B-Eng., 2016, 97, 216-

225. 

13

http://www.sciencedirect.com/science/article/pii/S0263822315003141
http://www.sciencedirect.com/science/article/pii/S0263822315003141
http://www.sciencedirect.com/science/article/pii/S026382231631741X
http://www.sciencedirect.com/science/article/pii/S026382231631741X
http://www.sciencedirect.com/science/article/pii/S0263822313006120
http://www.sciencedirect.com/science/article/pii/S0263822313006120
http://www.sciencedirect.com/science/article/pii/S1877705811007624
http://www.sciencedirect.com/science/article/pii/S1877705811007624
http://www.sciencedirect.com/science/article/pii/S1359836815002966
http://www.sciencedirect.com/science/article/pii/S1359836815002966
http://www.sciencedirect.com/science/article/pii/S026382231100242X
http://www.sciencedirect.com/science/article/pii/S026382231100242X
http://www.sciencedirect.com/science/article/pii/S1359836808000061
http://www.sciencedirect.com/science/article/pii/S1000936111603798
http://www.sciencedirect.com/science/article/pii/S014374961100025X
http://www.sciencedirect.com/science/article/pii/S014374961100025X
http://www.sciencedirect.com/science/article/pii/S1359836815006629
http://www.sciencedirect.com/science/article/pii/S1359836815006629
http://www.sciencedirect.com/science/article/pii/S1359836814004442
http://www.sciencedirect.com/science/article/pii/S1359836814004442
http://www.sciencedirect.com/science/article/pii/S1672652911601303
http://www.sciencedirect.com/science/article/pii/S0263822315000884
http://www.sciencedirect.com/science/article/pii/S0263822315000884
http://www.sciencedirect.com/science/article/pii/S0266353812003314
http://www.sciencedirect.com/science/article/pii/S0266353812003314
http://www.sciencedirect.com/science/article/pii/S0263822312004680
http://www.sciencedirect.com/science/article/pii/S0263822312004680
http://www.sciencedirect.com/science/article/pii/S1359836816305777
http://www.sciencedirect.com/science/article/pii/S1359836816305777


[17] Koh T.M., Feih S., Mouritz A.P., Experimental determination of the structural properties and 

strengthening mechanisms of z-pinned composite T-joints, Compos. Struct., 2011, 93(9), 2222-2230. 

[18] Yong-Bin P., Byeong-Hee L., Jin-Hwe K., Jin-Ho C., Ik-Hyeon C., The strength of composite bonded 

T-joints transversely reinforced by carbon pins, Compos. Struct., 2012, 94(2), 625-634. 

[19] Thawre M.M., Pandey K.N., Dubey A., Verma K.K., Peshwe D.R., Paretkar R.K., et al., Fatigue life of 

a carbon fiber composite T-joint under a standard fighter aircraft spectrum load sequence, Compos. Struct., 

2015, 127, 260-266. 

[20] Ferreira J.A.M., Reis P.N., Costa J.D.M., Richardson M.O.W., Fatigue behaviour of composite 

adhesive lap joints, Compos. Sci. Technol., 2002, 62(10-11), 1373-1379. 

[21] Yang T., Zhang J., Mouritz A.P., Wang C.H., Healing of carbon fibre–epoxy composite T-joints using 

mendable polymer fibre stitching, Compos. Part B-Eng., 2013, 45(1), 1499-1507. 

[22] Di Bella G., Borsellino C., Pollicino E., Ruisi V.F., Experimental and numerical study of composite T-

joints for marine application, Int. J. Adhes. Adhes., 2010, 30(5), 347-358. 

[23] Dharmawan F., Li H.C.H., Herszberg I., John S., Applicability of the crack tip element analysis for 

damage prediction of composite T-joints, Compos. Struct., 2008, 86(1-3), 61-68. 

[24] Li H.C.H., Dharmawan F., Herszberg I., John S., Fracture behaviour of composite maritime T-joints, 

Compos. Struct., 2006, 75(1-4), 339-350. 

[25] Trask R.S., Hallett S.R., Helenon F.M.M., Wisnom M.R., Influence of process induced defects on the 

failure of composite T-joint specimens, Compos. Part A-Appl. S., 2012, 43(4), 748-757. 

[26] Theotokoglou E.E., Moan T., Experimental and Numerical Study of Composite T-Joints, J. Compos. 

Mater., 1996, 30, 190-209. 

[27] Russo A., Zuccarello B., Experimental and numerical evaluation of the mechanical behaviour of GFRP 

sandwich panels, Compos. Struct., 2007, 81(4), 575-586. 

[28] Ascione F., Mechanical behaviour of FRP adhesive joints: A theoretical model, Compos. Part B-Eng., 

2009, 40(2), 116-124. 

[29] Moya-Sanz E.M., Ivañez I., Garcia-Castillo S.K., Effect of the geometry in the strength of single-lap 

adhesive joints of composite laminates under uniaxial tensile load, Int. J. Adhes. Adhes., 2017, 72, 23-29. 

[30] Perogamvros N., Lampeas G., Experimental investigation of composite lockbolt fastened joints under 

in-plane low velocity impact, Compos. Part A-Appl. S., 2016, 90, 510-521. 

[31] Stein N., Weißgraeber P., Becker W., Stress solution for functionally graded adhesive joints, Int. J. 

Solids Struct., 2016, 97-98, 300-311. 

[32] Ping H., Qi S., Weidong L., Xiao H., Experimental and numerical analysis on load capacity and failure 

process of T-joint: Effect produced by the bond-line length, Int. J. Adhes. Adhes., 2012, 38, 17-24. 

 

14

http://www.sciencedirect.com/science/article/pii/S0263822311000936
http://www.sciencedirect.com/science/article/pii/S0263822311000936
http://www.sciencedirect.com/science/article/pii/S0263822311003278
http://www.sciencedirect.com/science/article/pii/S0263822311003278
http://www.sciencedirect.com/science/article/pii/S0263822315001981
http://www.sciencedirect.com/science/article/pii/S0263822315001981
http://www.sciencedirect.com/science/article/pii/S0266353802000829
http://www.sciencedirect.com/science/article/pii/S0266353802000829
http://www.sciencedirect.com/science/article/pii/S1359836812005306
http://www.sciencedirect.com/science/article/pii/S1359836812005306
http://www.sciencedirect.com/science/article/pii/S0143749610000199
http://www.sciencedirect.com/science/article/pii/S0143749610000199
http://www.sciencedirect.com/science/article/pii/S0263822308000664
http://www.sciencedirect.com/science/article/pii/S0263822308000664
http://www.sciencedirect.com/science/article/pii/S0263822306001528
http://www.sciencedirect.com/science/article/pii/S1359835X1100426X
http://www.sciencedirect.com/science/article/pii/S1359835X1100426X
http://www.sciencedirect.com/science/article/pii/S0263822306003941
http://www.sciencedirect.com/science/article/pii/S0263822306003941
http://www.sciencedirect.com/science/article/pii/S1359836808001248
http://www.sciencedirect.com/science/article/pii/S0143749616302056
http://www.sciencedirect.com/science/article/pii/S0143749616302056
http://www.sciencedirect.com/science/article/pii/S1359835X16302664
http://www.sciencedirect.com/science/article/pii/S1359835X16302664
http://www.sciencedirect.com/science/article/pii/S0020768316301809
http://www.sciencedirect.com/science/article/pii/S014374961200084X
http://www.sciencedirect.com/science/article/pii/S014374961200084X

