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Abstract – Timber structures are used as building elements in ancient times due to the lightness and durability. Formwork 

material of reinforced concrete structures are also made of wood. Although timber is widely used in industry, it has been 

limited research in literature. Timber formwork beams can be deformed quickly because they are used repeatedly. In this study, 

an experimental investigation on damaged timber formwork beams retrofitting with carbon fiber reinforced polymer (CFRP) 

strips and CFRP fan type anchors is performed. The experiment carried out with 2 timber formwork beam without damage and 

2 timber formwork beams with damage up to 85 percent of ultimate capacity. The damaged timber beams were tested to 

evaluate the effectiveness of CFRP materials for flexural retrofitting. The experimental results show that the application of 

CFRP strip is effective for retrofitting damaged beams. As a result, it was observed that the ultimate load carrying capacity of 

85% damaged beams was almost completely restored to its original performance level. 
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I. INTRODUCTION 

Wood material is biologically 'produced' in the growing 

tree to meet the needs of the tree itself. In this respect, it is a 

high quality fiber composite, optimally designed to resist 

loads acting on the tree, but also to provide transport of water 

and nutritional agents [1]. Timber beams are preferred for 

years because they are easy to use, lightweight and durable 

construction elements. For this reason, researchers are 

interested in those materials. Although there are many studies 

on the wood and timber, there is almost no work on the 

timber formwork beams. In this study, the behaviours of 

timber formwork beams under static flexural loading will be 

examined experimentally. Also, it is planned to test again the 

up to 85% of ultimate load capacity damaged timber 

formwork beams under the influence of static flexural 

loading retrofitting with carbon fiber reinforced polymer 

(CFRP) strips and CFRP fan type anchors.  

Although there is not a comprehensive study on composite 

laminated timber (CLT) formwork beams in the literature 

review, some important studies about the study were briefly 

given. Khelifa and Celzard [2] did a numerical analysis of 

flexural strengthening of timber beams reinforced with CFRP 

strips. They analysed strengthened beams using standard FE 

program. Also, they observed that the CFRP strips increased 

the load carrying capacity. The results of the analyses were 

compared with experimental studies and it was found that the 

proposed formulation can efficiently capture the global 

response with acceptable accuracy. Another application of 

CFRP is on laminated veneer lumber (LVL) beams. Studies 

show that the increase in load carrying capacity compared to 

a control beam for the CFRP on the bottom is 10%. On the 

contrary, an average increase of 25% is noticed for the U-

wrap. it is concluded that the scheme 2 performs better for 

the flexural strengthening of an LVL beam [3]. A study over 

glue laminated timber beams show the general bending 

responses of glue laminated beams were better than those of 

massive beams [4]. CFRP strips are also used for the repair of 

old timber beams. Italian researchers investigated the flexural 
behaviour of timber beams repaired with CFRP plates. They 

used six new timber beams and six old timber beams 

removed from the floor of an ancient historical building were 

tested. The obtained results show that the repairing 

intervention of damaged timber beams with CFRP plates is 

very effective both for the new and the old beams, in that it 

allows to completely restore and to increase the flexural 

strength of all the damaged tested beams [5]. In addition, a 

three-dimensional finite element analysis (FEA) model of the 

effect of CFRP strips on wooden beams was formulated in 

Kim and Harries study. The strengthened beams show 

improved load-carrying capacity and energy absorption 

capacity when compared to un-strengthened counterparts. An 

optimal CFRP reinforcement ratio is found beyond which no 

strength increase is achieved [6]. When past studies are 

examined, it is seen how important the effect of CFRP usage 

on flexural strength is.  

In this study, it is aimed to investigate the behaviour of 

composite laminated timber (CLT) formwork beams under 

the effect of static flexural loads, which are used in reinforced 

concrete structure construction at high and medium height 

specially produced for this purpose in wooden formwork 

systems. Another objective is to contribute to the retrofitting 

of damaged CLT beams which were used as structure 
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elements in the past. From the literature review, it is observed 

that CFRP strips used for massive timber beams or laminated 

timber beams. However, there is no study on composite 

timber beams (CLT), timber formwork beams in the 

literature. Also, the uses of CFRP fan type anchors are very 

few in the literature. For this reason, it was planned to 

conduct an experimental study to investigate the effects of 

CFRP strips and CFRP fan type anchors on the flexural 

behaviour of retrofitted CLT formwork beams. In order to 

investigate the flexural behaviour, CLT formwork beams 

were tested under three point bending loading up to failure 

and investigated load-displacement behaviour, stiffness, 

ductility ratios and energy dissipation capacities. 

II. MATERIALS AND METHOD 

H20 P CLT formwork beams produced by DOKA 

Company in Australia were used in this study. Two types of 

beams were used in lengths of 1800 mm and 2450 mm. In the 

planned experimental study, 2 reference test specimens were 

first tested and general load-displacement behaviors and 

maximum bearing capacity of CLT formwork beams were 

determined. Then, 2 CLT formwork beams with identical 

features were loaded up to 85% of the specified maximum 

bearing capacity, resulting in heavy damage to the beams. 
After, the damaged CLT formwork beams were retrofitted 

with CFRP strip and CFRP fan anchors. The retrofitted 2 

CLT formwork beam was then loaded until it failed, 

comments were made on the performance of the applied 

retrofit technique and comparisons were made with the first 

two non-damaged reference test results. The middle part of 

the CLT formwork I beam shaped wooden beam consists of 

cross-laminated timber (CLT) material and the upper and 

lower parts are made of massive wood. The middle part also 

called as web. It is special flat compressed particle board for 

H20 P type beam. The cross section and dimensions of the 

CLT timber beam are given in Figure 1. 

 

Fig. 1. Dimensions of H20 P CLT Beam and Cross-section 

The values allowed in the DOKA's catalog are given in 

Table 1 below. It is understood that these values need to be 

updated as a result of our experiments.  

Table 1. Permissible Values of H20 P CLT Beam [7] 

 H20 P Value 

Perm. Q [kN] 11 

Perm. M [kNm] 5 

E.J [kNm2] 450 

Perm. Span [m] 4 

Timber CLT formwork beam H20 top is a solid-web beam 

in accordance with EN 13377 with innovative polyurethane 

end reinforcement for increased resistance to mechanical 

stresses and strains. Wood for the flanges is spruce, 

automatically machine-graded, and 100 % of the beam 

flanges are tested by the tensile loading test method. The 

surface is varnished with yellow varnish without wood 

preservatives. For use in wall formwork and slab-formwork 

systems, tunnel formwork, automatic climbing formwork, 

etc. Also, the innovative polyurethane end reinforcement 

leads to a significant reduction in damage to the beam ends 

[7]. Parts details of H20 top P CLT beam are shown in Figure 

2.  

The specimens used in the experiments are summarized in 

Table 2. The reference beams of both lengths are named R1 

and R2. The beams which are damaged up to 85% of ultimate 

load capacity and retrofitted with CFRP strip and anchorage 

are named S3 and S4.  

 

 

Fig. 2. DOKA H20 top P CLT Beam 

Table 2. Properties of Test Specimens 

Number 

of Test 

Specimen 

Explanation Length 

of 

Beam 

(m) 

R1 Reference 1.80 

R2 Reference 2.45 

S3 
Damaged Test Specimen (Up to 85% of 

the Capacity) retrofitting with CFRP 
1.80 

S4 
Damaged Test Specimen (Up to 85% of 

the Capacity) retrofitting with CFRP 
2.45 

 

One each experiment was carried out on reference and 

retrofitting test specimens with lengths of 1.80 and 2.45 m. In 

this experiment, three point bending load test type was 

applied. Static tests were carried out on the 322 Test Frame 

model of the MTS brand at Gazi University Engineering 

faculty. MTS Load Unit details are shown in Figure 3. The 

actual photograph before the static loading experiment is 

given in Figure 4.  

Within the scope of experimental work, after testing the 

reference test specimens, the ultimate load capacity values 

were determined, and the test specimens to be retrofitted 

were first damaged by loading up to 85% of their ultimate 

load carrying capacity. Then the retrofit technique given in 

Figure 5 was then applied to the tension surface of CLT 

formwork beams. 

Web 

Polyurethane End 

Timber Part 
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Fig. 3. MTS Load Unit Details 

 

 
Fig. 4. Before the Static Loading 

 

Some preparations were made on the wooden beams 

before starting the experiment. In addition, CFRP strip and 

anchor application has been made. The application steps are 

shown in Figure 6. The (a) picture shows the opening of the 

holes for anchoring. In the photo (b), it is shown that the 

CFRP strips are glued with epoxy on timber beam surface 

and in the photo (c), it is shown that the finding the drill holes 

after the CFRP bonded. In photo (d) and (e), it is shown that 

CFRP anchors are stuck and glued as fan type. After these 

applications were made, the samples were left to dry. 

Approximately 1 week later they were ready to do the 

experiment.  

In the experimental study, CFRP fan-type anchors were 

applied at certain intervals on the strip in order to delay 

debonding of the CFRP strips from the tension surface of the 

CLT formwork beams. Although such anchors are a detail 

used in reinforced concrete beams and masonry infilled RC 

frames in retrofitting and strengthening applications, a study 

in which such anchors were applied in wooden beams was 

not found in the literature. The geometric dimensions of the 

fan type CFRP anchor are given in Figure 7. 

 

 
Fig. 7. Details of CFRP Fan type Anchorage 

III. EXPERIMENTAL RESULTS 

The Load-Displacement curves obtained from the tests 

are shown in Figure 8 for the 1.80 m length CLT beams and 

Figure 9 for the 2.45 m length CLT beams. Figures show that 

the ultimate load carrying capacity of 85% damaged CLT 

beams was almost completely restored to its original state. 

The photographs of failure mechanism un-retrofitted 

reference timber beams after the static loading test are given 

in Figure 10 while the photographs of failure mechanism 

retrofitted timber beams after the static loading test are given 

in Figure 11. 

 

Fig. 8. Load-Displacement Curves of 1.80 m CLT Beams 

 
 

Fig. 9. Load-Displacement Curves of 2.45 m CLT Beams 
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Fig. 5. Retrofitting Details of Test Specimens  

 
Fig. 6. Application of CFRP Plates and Anchors (a) Drilled Timber Beams; (b) CFRP Bonding; (c) Finding the Drill Hole; 

 (d) CFRP Anchors; (e) Fan Type CFRP Application

 
Fig. 10. Failure mechanism of the un-retrofitted (reference) timber beams 

 
Fig. 11. Failure mechanism of the retrofitted timber beams 

As a result of the tests, the load-displacement plots of 

the test specimens are obtained and using these plots, the 

ultimate load values, displacement ductility ratios, energy 

dissipation capacities and initial stiffness values are 

calculated. The maximum strength of the beams tested in 

the experimental study is defined using the maximum load 

value reached by the load-displacement graphs. The initial 

stiffness values are obtained by proportioning the load 

value of the point of first significant change in the slope to 

the displacement value of same point. The displacement 

ductility ratios of the test specimens are calculated using 

load-displacement relationships. The displacement 

ductility ratios are calculated by the ratio of displacement 

of the point of failure to that of the point at which the 

sudden change in the point of collapse. The point of 

collapse is defined by the point at which the maximum 

load value of the test specimens decrease by 15%. The 

energy dissipation capacities of the test specimens are 

calculated using the area under the load-displacement 

relationships. The energy dissipation capacities are 

obtained by calculating the area under the load-

displacement graph section up to the point of failure of the 

test specimens, and the point of failure is the point 

determined for calculating the displacement ductility 

ratios. Calculation of ultimate load capacities, initial 

stiffnesses, displacement ductility ratios and energy 

dissipation capacities are illustrated in Figure 12. All 

results obtained from the experimental study are given in 

Table 3. 

 

Fig. 12. Calculation approach of Ultimate Load Capacity, Initial 

Stiffness, Displacement Ductility Ratios and Energy Dissipation Capacity 
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Table 3. Experimental Results  

Spec. 

No 

Ultimate 

Load 

(kN) 

Displacement 

Ductility 

Ratio 

Initial 

Stiffness 

(kN/mm) 

Energy 

Dissipation 

Capacity 

(kN-mm) 

R1 27.6 1.00 2.30 834.21 

R2 23.5 1.00 1.65 365.62 

S3 25.8 1.28 1.59 754.03 

S4 22.6 1.19 1.29 808.87 

 

When the experimental results were analyzed, CFRP 

strips and CFRP fan-type anchors have shown that the 

retrofit technique is successful in terms of maximum 

carrying capacity of CLT formwork beams. When tested 

for retrofitted beams which were heavily damaged by 

loading up to 85% of their ultimate load capacity, they 

reached maximum values of only 7% and 4% lower than 

the undamaged beams of 1.80 m and 2.45 m, respectively. 

This result shows that after the retrofit of the heavily 

damaged beams by using this retrofit technique, they 

recovered their ultimate load carrying capacity values and 

their performance increased significantly. When the 

performance of the retrofit technique in terms of 

displacement ductility ratios is examined, it is seen that the 

recommended method gives an average ductility of 23.5% 

on CLT timber beams. While undamaged 1.80 and 2.45 m 

long CLT timber beams reach sudden and brittle failure 

without any ductility, the beams retrofitted with CFRP 

strip and fan-type anchors displayed displacement ductility 

ratios of 1.28 and 1.19, respectively. 

It was calculated that there was a 37% decrease in the 

initial stiffness of the damaged CLT beams. Due to the fact 

that the load level of damaged beams is increased up to 

85% of ultimate load capacities, a significant decrease in 

their stiffness has been achieved, but the retrofit technique 

has limited the initial stiffness values and a decrease in the 

stiffness has been limited. 

When the retrofitting technique applied in terms of 

energy consumption is examined, it is seen that it is quite 

successful. In the 1.80 m span, the damaged CLT beam 

test specimen exhibited only 10% lower energy 

consumption than the undamaged beam. However, in the 

CLT beam test specimens with a 2.45 m span, the 

damaged beam consumed more energy than the 

undamaged beam exhibiting 121% greater energy. To 

provide a significant increase in the energy consumption 

capacity of the highly damaged CLT formwork beams is 

an important indicator of the successful performance of the 

retrofitting technique developed in the study. 

IV. CONCLUSION 

An experimental investigation on damaged CLT 

formwork beams retrofitting with carbon fiber reinforced 

polymer (CFRP) strip and CFRP fan type anchor has been 

presented. Two new un-damaged CLT beams and two 

damaged and then retrofitting with CFRP CLT beams 

tested under three point bending loading. The obtained 

results show that the application of CFRP strip and CFRP 

fan type anchorage is effective for repairing damaged 

beams. It also allows to completely restore and to increase 

the ultimate load capacities of all the damaged beams. 
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